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ABSTRACT

This report is part 5 of the Final Report on Exhaust Emissions from
Uncontrolled Vehicles and Related Equipment Using Internal Combustion
Engines, Contract EHS 70-108. The engine categories covered in this
report are heavy-duty gasoline and diesel engines used in farm, construc-
tion, and industrial applications. Exhaust emissions from twelve engines
were measured, including eight diesels and four gasoline engines.

The four gasoline engines were a Ford G5000, a Hercules G-2300,
a J, I. Case 159G, and a Wisconsin VH4D, The eight diesel engines tested
were an Allis-Chalmers 3500, a Caterpillar D6C, a Detroit Diesel 6V-71,
an International D407, a John Deere 6404, a Mercedes-Benz OM636, an
Onan DJBA, and a Perkins 4.236. The engines were tested using well-
accepted steady-state procedures for gaseous emissions measurement,
and in addition, the Federal procedure for smoke certification was used
for testing the diesel engines (except the Onan). Some gaseous emissions
were measured during transient operation of most of the engines, and
particulate and smoke measurements were made during some of the same
modes used for gaseous emissions sampling.

The analysis techniques which were used included FIA for total
hydrocarbons; NDIR {or CO, CO2, and NO; chemiluminescence for NO and
NOy; electrochemical analysis for O,; gas chromatograph for light hydro-
carbons; the MBTH method for total aliphatic aldehydes (RCHO) and the
chromotropic acid method for formaldehyde (HCHO); an experimental
dilution-type sampling device for particulate; and the PHS full-flow smoke-
meter for smoke (diesels only), Hydrocarbons were also measured by
NDIR for tests on the gasoline engines, and the FIA was heated to 160°F
for tests on gasoline engines, but to about 360°F for diesel engine tests,

The twelve engines were operated on eddy-current stationary dyna-
mometers, the largest of which had provision for the extra inertia required
for Federal smoke tests. One of the dynamometers had motoring capability
for closed-throttle modes on gasoline engines, so the three larger gasoline-
fueled units were operated on this dynamometer. The emissions results
obtained in this study, as well as data obtained from other sources, were
used in conjunction with information on engine population and usage to
estimate emission factors. Estimates of emission factors were made using
emissions data developed on as broad a range of engines as possible, taking
into account that several of the engines tested under this contract (as well
as others on the market) are widely used in more than one of the three
areas of application treated in this report (farm, construction, and indus-
trial). National impact was estimated separately for each of the three
engine applications, based on population and usage information developed
independently for each application,
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FOREWORD

The project for which this report constitutes part of the end product
was initiated jointly on June 29, 1970, by the Division of Motor Vehicle
Research and Development and the Division of Air Quality and Emission
Data, both divisions of the agency known as NAPCA, Currently, these
offices are the Emission Characterization and Control Development Branch
of the Office of Mobile Source Air Pollution Control, and the National
Air Data Branch of the Office of Air Quality Planning and Standards,
respectively, Both offices are within the Office of Air and Water Programs,
Environmental Protection Agency. The subject contract number is
EHS 70-108, and the project is identified within Southwest Research
Institute as 11-2869-001.

This report (Part 5) covers the heavy-duty farm, construction, and
industrial engine portion of the characterization work only; and the six other
items in the characterization work have been or will be covered by six other
parts of the final report. In the order in which the final reports have been
or will be submitted, the seven parts of the characterization work include:
Locomotives and Marine Counterparts; Outboard Motors; Motorcycles;
Small Utility Engines; Farm, Construction, and Industrial Engines; Gas
Turbine "Peaking' Power Plants and Snowmobiles. Other efforts which
have been conducted as separate phases of Contract EHS 70-108 include:
measurement of gaseous emissions from a number of aircraft turbine
engines; measurement of crankcase drainage from a number of outboard
motors; and investigation of emissions control technology for locomotive
diesel engines; and those phases either have been or will be reported
separately,

Cognizant technical personnel for the Environmental Protection
Agency are currently Messrs, William Rogers Oliver and David S. Kircher,
and past Project Officers include Messrs. J. L. Raney, A, J, Hoffman,

B. D. McNutt, and G. J. Kennedy. Project Manager for Southwest Research

Institute has been Mr. Karl J. Springer, and Mr, Charles T, Hare has car-
ried the technical responsibility.

The offices of the sponsoring agency (EPA) are located at 2565
Plymouth Road, Ann Arbor, Michigan 48105 and at Research Triangle Park,
North Carolina 27711, The contractor (SwRI) is located at 8500 Culebra
Road, San Antonio, Texas 78284.

The assistance of several corporations, groups, and individuals has
contributed materially to the success of the farm, construction, and indus-
trial engine portion of this project. Appreciation is expressed to: Allis-
Chalmers (Mr. William Hamilton); Caterpillar Tractor Co. (Mr. Don
Henderson and Mr, Duane E. Evans); Detroit Diesel Allison Division,
General Motors Corp. (Mr. David ¥, Merrion and Mr. John W. Caradonna);
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The General Motors Environmental Activities Staff (Mr., George Hanley);
Ford Tractor Operations (Mr, John H. Zich); Hercules Engine Division,
White Engines, Inc, (Mr. Robert L.. Bodnar); International Harvester Com-
pany (Mr, Charles R. Hudson); J. I. Case Co. (Mr. Don Shelton and Mr,
John Crowley); John Deere (Mr. Robert Parker); Mercedes-Benz of North
America, Inc. (Mr. Gerhard Langhans and Mr. K. H. Faber); Onan (Mr.
J. C. Hoiby); Perkins Engines, Inc. (Mr. Neville Hartwell); and Teledyne
Wisconsin Motor (Mr, John A, Gresch),

Thanks are also expressed to the OAP Emissions Survey Subcommittee
of the Emissions Standards Committee, Engine Manufacturers Association.
This group is composed largely of the gentlemen listed above (with their
company affiliations), and it contributed a great deal in recommending
engines to be tested and in supplying other technical information on usage
and duty cycles, Until recently, the chairman of this subcommittee was
Mr. John Crowley, and his substantial efforts over a period of more than
two years are very much appreciated.

The SwRI personnel involved in the farm, construction, and indus-
trial engine tests included Russel T. Mack, lead technician; Joyce McBryde
and Joyce Winfield, laboratory assistants; and Orville Davis, William P.
Jack, Ernest Krueger, and Nathan Reeh, technicians. These people all
made major contributions to the research effort which are sincerely ap-
preciated.
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I. INTRODUCTION

The program of research on which this report is based was initiated
by the Environmental Protection Agency to (1) characterize emissions from
a broad range of internal combustion engines in order to accurately set
priorities for future control, as required, and (2) assist in developing more
inclusive national and regional air pollution inventories. This document,
which is Part 5 of what is planned to be a seven-part final report, concerns
emissions from farm, construction, and industrial engines and the national
impact of these emissions.

Emissions data on some of the engines considered to be important to
the heavy-duty farm, construction, and industrial engine categories have
been developed outside the subject contract, and where possible these data
will be considered in developing emission factors. Although the procedures
used to acquire data in the subject program were related to those used (or
proposed) for emissions certification, it should be noted that they were used
in this project for research purposes only, No consideration has been
given to the potential usefulness of the procedures used for anything except
research purposes,

The testing portion of the work on farm, construction, and industrial
engines began about February 1, 1972, and extended until about February 1,
1973, The engines tested, then, were representative of production prior
to testing dates, and may not have incorporated all the latest emission
control technology. This extended test period reflects the scheduling of
numerous other tests during the same time period, including both those
applying to the subject contract (outboards, motorcycles, locomotives,
etc.) and some applying to other contracts. All the tests were performed
in the SWRI Emissions Research Laboratory.



II, OBJECTIVES

The objectives of the heavy-duty farm, construction, and industrial
engine part of this project were to obtain emissions data on a variety of
engines, and to use these and other available emissions data in conjunction
with information on engine population and usage to estimate emission factors
and national impact. The emissions to be measured for all the engines
included hydrocarbons by FIA; CO, CO2, and NO by NDIR: NO and NOy by
chemiluminescence; O, by electrochemical analysis; light hydrocarbons by
gas chromatograph; aldehydes by wet chemistry; and particulate by gravi-
metric analysis, In addition, hydrocarbons were to’be measured by NDIR
for gasoline engines, and smoke by the PHS full-flow smokemeter for diesel
engines, These emission measurements are essentially the same as those
made on all the other categories of engines tested under this contract.

Emission measurement procedures for engines similar to those tested
(but for highway applications only) had already been given a great deal of
consideration when the subject tests began, so it was not necessary to develop
procedures from scratch, It became a secondary objective, however, to
determine how the on-highway procedures should be modified (if, indeed,
they should be modified at all) to better represent off-highway applications
of the engines tested.



III. TEST DOCUMENTATION,
INSTRUMENTATION, AND PROCEDURES

This section of the report includes descriptions and photographs
of the test engines, descriptions and photographs of the instrumentation
systems used, and explanations of the test sequences and calculation
methods employed. In brief, the engines were chosen to be as represen-
tative as possible of those used in the field, but no attempt was made to
use a national probability sample or any similarly structured group due
to the extremely small number of engines to be tested. The test proce-
dures used for gaseous emissions were similar to the ""Federal 13-mode"
test{l) or the "EMA-California 13-mode" test(2), except that some of
them had 21 modes (diesel) or 23 modes (gasoline), The instrumentation
used was representative of state-of-the-art practice, although occasional
instrument downtime did prevent the acquisition of some data during a
few runs,

A. Engine Specifications and Descriptions

In order to show the extent to which available diesel and gasoline
engines for F, C, & I (farm, construction, and industrial) applications
were represented by those chosen for testing under this contract, the
major specifications of the test engines have been assembled to form
Table 1. Power outputs ranged from under 15 hp to over 200 hp for diesels
(almost 300 hp if it is assumed that the 6V-71 is representing an 8V-T1),
and from 30 hp to about 85 hp for spark-ignition engines. In major design
features, the gasoline engines were similar to each other except for the air
cooling and ""Vee' block design of the Wisconsin VH4D, In contrast, the
diesel engines were of a variety of types. The single 2-stroke engine tested
had open combustion chambers and used blower scavenging; and the 4-stroke
engines included turbocharged models with both open and precombustion
chambers, and naturally aspirated models with both open and precombustion
chambers, In addition, one of the two naturally aspirated 4-stroke engines
with prechambers was air cooled, while the other was water cooled., It
should be noted that the test engines were representative of production
prior to 1972 models (generally), and that they may not have incorporated
the latest in emission control technology. The engines were supplied on
loan by their manufacturers, and were assumed to be correctly adjusted

and ready to operate unless their performance indicated otherwise.

The primary applications of the engines tested are distributed quite
evenly among the farm, construction, and industrial categories, This dis-
tribution holds within the diesel group and within the gasoline group as well
as the entire sample of engines. It is also obvious that an effort was made
to test products of as many different manufacturers as possible, since no
two test engines were made by the same company,



TABLE 1,
Diesel

Mfr., & Model
displacement, in

cyls. (arrangement-no.)
cycle

aspiration

comb. chamber

rated hp @ rpm

rated torque (ft 1bf) @ rpm
cooling medium

weight, lbg

injection system

Diesel

Mfr, & Model
displacement, in3

cyls., (arrangement-no.)
cycle

aspiration

comb. chamber

rated hp @ rpm

rated torque (ft lbf) @ rpm
cooling medium

weight, lby

injection system

Gasoline

Mir, & Model
displacement, in3

cyls, (arrangement-no.)
rated hp @ rpm

rated torque (ft lbf) @ rpm
cooling medium

weight, 1lbg

carburetion

AC 3500
426

1-6
4-stroke
Turbo

open

157 @ 2200
438 @ 1700%
water

1300%
Simm's pump

J D 6404
404

1-6

4-~stroke
Turbo

open

129 @ 2200
340 @ 1500
water 5
approx. 1500
Roosa-pump

Ford G5000
256

1-4

71 @ 2100
206 @ 1100
water

860

1V updraft

Cat D6C
638

I1-6
4-stroke
Turbo
pre-cup

149 @ 1900*
486 @ 1400%
water

2000%
own-pump

M-B OM636
108

I-4
4-stroke
Natural
pre-cup

29 @ 2400
60 @ 2000
water

388
Bosch-pump

Herc. G-2300

226

1-4

84.5 @ 2400
205 @ 1400
water

590

1V updraft

SPECIFICATIONS OF TEST ENGINES

DD 6V-71
426

V-6
2-stroke
Blower
open

208 @ 2100%
557 @ 1600%*
water
1960%*
own-unit

Onan DJBA
60

1-2
4-gtroke
Natural
pre-cup
14,6 @ 2400
36 @ 1800
air

270
Bosch-pump

JICase 159G
159

1-4

48 @ 2100
131 @ 1200
water
approx, 600%*
1V updraft

* measured or otherwise acquired, but not from mfr's., data

Int D407

407

1-6

4-gtroke
Natural
open

112 @ 2400
274 @ 1800%*
water
approx. 1600%
Roosa-pump

Per 4,236
236

1-4
4-stroke
Natural
open

80 @ 2500
197 @ 1300
water

596
C.A,V, -pump

Wisc VH4D
108

V-4

30 @ 2800
66 @ 1700
air

310

1V updraft

To provide better visualization of the test engines, photographs

These photos also show some

of them appear as Figures 1 through 12,

of the mechanical equipment and exhaust systems,
fuel flow measuring instrumentation,

as well as air and



Figure 1. Allis-Chalmers 3500 Figure 2. Caterpillar D6C
Diesel- Engine Diesel Engine

Figure 3. Detroit Diesel 6V -71 Figure 4. International
Diesel Engine Harvester D407 Diesel
Engine



Figure 5. John Deere 6404 Figure 6. Mercedes-Benz
Diesel Engine OM636 Diesel Engine

Figure 7. Onan DJBA Diesel Figure 8. Perkins 4,236
Engine Diesel Engine



Figure 9. Ford G5000 Figure 10. Hercules G-2300
Gasoline Engine Gasoline Engine

Figure 11. J. I. Case 159G Figure 12. Wisconsin
Gasoline Engine VH4D Gasoline Engine
(Photo Supplied by Teledyne-
Wisconsin Motor)



B. Instrumentation and Measurement Techniques

The types of instrumentation used for measuring emissions during
tests on the F, C, & I engines have already been mentioned, but in this
section they will be described in more detail. The nondispersive infrared
analyzers used for measurement of CO, CO2, and NO (plus hydrocarbons
for gasoline engines) were Beckman 315A's and 315B's, and the electro-
chemical oxygen analyzer was a Beckman model 715. For tests on the
four gasoline engines and on the Onan DJBA, the chemiluminescent NOy
analyzer used was a Thermo-Electron unit. For tests on the other diesel
engines, the chemiluminescent instrument used was one of several fabri-
cated by SwRI for use in the Emissions Research Laboratory. The flame
ionization analyzers used for total hydrocarbon measurements during all
the tests were units fabricated in and for the Emissions Research Labora-
tory. These FIA units have temperature capability from room temperature
to 400°F, and they use positive-pressure detectors and Keithley 417K
chromatograph electrometers. Readout for all the instruments except NDIR
NO, O3, and NDIR hydrocarbons (when used) was provided by either a Texas
Instruments 4-pen or a Rikadenki 6-pen recorder.

The instrumentation package used for gaseous emissions measure-
ments on all the diesel engine tests except those on the Onan DJBA is
shown in Figure 13, and the package used for the remaining tests is shown
in Figure 14. Figure 15 shows the 500 hp-capacity eddy current dyna -
mometer used for tests on the larger diesel engines (Allis-Chalmers,
Caterpillar, Detroit Diesel, International Harvester, and John Deere},
including the inertia wheel under the guard in the background which was
coupled to the dynamometer for Federal smoke tests. Figure 16 shows
the 250 ~hp capacity eddy current dynamometer used for testing of the other
water-cooled engines (Mercedes-Benz, Perkins, Ford, Hercules, and J.
I. Case), including the 50 hp electric motor used to ""motor" the gasoline
engines at closed throttle. The gearbelt and pulleys, covered by a guard
when in operation, were changed as necessary to provide the required
crankshaft speeds. The two smallest engines were air-cooled (Onan and
Wisconsin), and were operated on a 50 hp-capacity eddy current dyna-
mormeter (not shown). This 50 hp unit did not have motoring capability, so
the rated and intermediate speed modes run at closed throttle were deleted
from the Wisconsin's operating schedule.

A detailed view of the FIA oven/detector assembly is shown in Figure
17, including the apparatus for aldehyde and light hydrocarbon sampling.
The aldehyde bubblers are on the side of the oven, and a bag is shown at the
rear of the oven being filled for light hydrocarbon analysis. The methods
employed for batch sampling were the MBTH method{3) for total aliphatic
aldehydes (RCHO) and the chromotropic acid method(4) for formaldehyde
(HCHO). The chromatograph employed for light hydrocarbon analysis used



Figure 13. Instrumentation Used Figure 14. Instrumentation

for Measurement of Gaseous Used for Measurement of
Emissions from Diesel Gaseous Emissions from
Engines Gasoline Engines

Figure 15, 500-hp Capacity Figure 16, 250-hp Capacity
Eddy-Current Dynamometer Eddy-Current Dynamometer
Used for Tests of Large Used for Tests of Smaller

Diesel Engines Engines



Figure 17. FIA QOven/Detector Figure 18. Flo-Tron Fuel
Unit Used for Hydrocarbon Flow Measurement Device of
Analysis the Type Used During Most
Emissions Tests

Figure 19. PHS Light Extinction Figure 20. Experimental
Smokemeter Dilution-Type Particulate
Sampler
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a 10 ft by 1/8 inch column packed with a mixture of phenyl isocyanate and
Porasil C, and a 1 inch by 1/8 inch precolumn packed with 100-120 mesh
Porapak N. This chromatograph analysis was sensitive to seven compounds
(methane through butane), although in many cases one or more of the

seven compounds was not present in measureable amounts.

Figure 18 shows one of three Flo-tron fuel mass flow measuring
devices which were empleyed during the subject tests (another is shown
in Figure 4 with the International Harvester D407 engine). These devices
were used for tests on most of the engines, and a weight-time system
(using a scale and stopwatch) was used for the remaining tests. Air flow
measurements on all the diesel engines except the Detroit Diesel and the
Onan were taken using one or a combination of the long radius nozzles
mounted in the plenum shown in Figure 4. Air flow to the Detroit Diesel
was measured with a laminar flow element, and no air flow data were
acquired on the Onan.

Smoke measurements on the diesel engines were made using a
PHS light extinction smokemeter such as the one shown in Figure 19, This
instrument, or a substantial equivalent, is required by Federal law for
smoke certification(!), and in all cases readout was provided by a strip
chart recorder. Exhaust particulate was measured under steady-state
conditions by the experimental dilution-type sampling device shown in
Figure 20, This device was developed to meet the objective of measuring
particulate at atmospheric pressure and 85°F, and it uses primary filters
having a mean flow pore size of 0,45 micron (1.77 x 10'5in). The sampler
has continuous flow indication which permits adjustment of the sample rate
within + 2% of the desired value, and this rate is set as near isokinetic as
possible. It is recognized, however, that the best the system can do is to
match probe entrance velocity to exhaust bulk velocity, rather than match
the instantaneous velocity vector as required for true isokinetic sampling.
The hot exhaust sample is cooled and diluted by a known flow of prepurified
dry compressed air (metered via a critical orifice) before being filtered,
then mixed flow is totalized by a Rootsmeter. Total exhaust sample flow
over the sampling period (5 to 10 minutes) is determined by subtracting
the dilution gas flow from the total (mixed) flow. Filters are preweighed
(clean) and then weighed after use (a minimum of four independent weighings
both before and after)in a humidity-controlled environment, and the final
two weights must be within 0.2 mg of each other, Particulate amounts
collected during tests on th= F, C, & I engines ranged from about 10 mg
to over 100 mg, and the electronic balance used to weigh the filters had
an accuracy of £ 0.1 mg,

C. Emissions Test Procedures and Fuel Specifications

Nearly all the gaseous and particulate emissions tests conducted

11



on the F, C, & I engines were composed of a number of steady-state con-
ditions run in a prescribed sequence. In these steady-state procedures,
no attempt was made to compute emissions during transients (while engine
load and/or speed were changing). The test procedures are all based

on the EMA-California ARB 13-mode procedure(z) with variations to
accomodate the needs of the subject program. A few additional runs were
made with continuous readouts of engine rpm, HC, CO, and NO,, to
determine whether emissions during transients were sufficiently different
from emissions during steady-state operation to warrant their inclusion
in calculations leading to emission factors. It was found that excursions
of emission values beyond normal limits did occur in some cases, but
that these excursions did not combine in magnitude and duration to

make any significant change in the overall emissions picture.

The only other tests involving transients were the Federal smoke
tests on the diesel engines, which are composed almost solely of accel-
erations and lug-downs(l). The steady-state gaseous emissions test
procedures used for diesels had either 21 or 13 modes, and those used
for gasoline engines had either 23 or 13 modes (the 13-mode tests were
identical for diesel and gasoline engines). These procedures are descri-
bed in Table 2, which gives engine speed and percent of full load at that
speed by mode. The notes following Table 2, especially (c¢), are important
to prevent confusion when referring to Appendixes F and G for data on
the gasoline engines. To elaborate on the point made in note (c), the
computer program used to calculate brake specific emissions required
mode data in the order shown in Table 2, It is obvious from inspection
of Figure 16 that the engine and dynamometer had to be stopped to change
closed-throttle "motoring'" speeds, because belts and pulleys were removed
and replaced to accomplish speed changes. Therefore, the test sequence
could not be run in the order required for computer input without mid-test
shutdowns, and it was decided to defer the closed-throttle modes until the
remainder of the tests had been conducted. The belt connecting the dyna-
mometer to the electric motor was removed for all the non-motored con-
ditions to prevent possible frictional losses.

Reiterating another point made earlier, no closed-throttle ""motoring"
data were acquired on the Wisconsin VH4D engine because it was operated
on a smaller dynamometer which did not have motoring capability. Absence
of the closed-throttle data also made it impractical to obtain composite
brake specific emissions on the Wisconsin by con puter, so no computer
data appear for this engine in Appendix G.

The 13-mode procedures (performed in addition to 21- or 23-mode
tests, and at different speeds) were run to provide a better basis for
"mapping'' emissions from the test engines according to speed and load,

and thus they were termed "mapping runs' and given designations such
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as M-1, M-2, and so on.

At least two 13-mode runs were made on each

engine except the Caterpillar D6C, the exception being made because this

engine's assumed operating speed range was very narrow {1400 to 1900
rpm) and because its emissions were observed not to vary significantly

TABLE 2,

21-Mode (Diesel)

13-Mode (Gasoline
and Diesel)

DESCRIPTION OF STEADY-STATE
GASEOUS EMISSIONS TEST PROCEDURES

23-Mode (Gasoline)

Load Load Load
Mode Engine rpm % Engine rpm %e Engine rpm e
1 Low Idle 0 Low Idle 00 Low Idle 0
2 Intermediate 0 Speed No, 3(a) 00 Intermediate 0
3 Intermediate 12,5 Speed No, 3(a) 25 Intermediate 12.5
4 Intermediate 25 Speed No. 3(a) 50 Intermediate 25
5 Intermediate 37,5 Speed No. 3(a) 75 Intermediate 37.5
6 Intermediate 50 Speed No., 3{2) 199 Intermediate 50
7 Intermediate 62.5 Low Idle 0 Intermediate 62.5
8 Intermediate 75 Speed No. 4(5) 100 Intermediate 75
9 Intermediate 87.5 Speed No. 4Eb; 75 Intermediate 87.5
10 Intermediate 100 Speed No. 4 50 Intermediate 100
11 Low Idle 0 Speed No, 4(P) 25 Low Idle 0
12 Rated 100 Speed No.4(P) o Intermediate GT(C)
13 Rated 87.5 Low Idle 0 Rated 100
14 Rated 75 --- -- Rated 87.5
15 Rated 62.5 - -- Rated 75
16 Rated 50 --- -- Rated 62.5
17 Rated 37.5 .- -- Rated 50
18 Rated 25 --- -- Rated 37.5
19 Rated 12.5 - -- Rated 25
20 Rated 0 - - Rated 12.5
21 Low Idle 0 -—- -- Rated 0
22 -——- -- --- -- Low Idle 0
23 -——- -- --- -- Rated CcT

Notes: (2)rpm lower than Speed No, 4, either above or below Intermediate,

as needed.

Rated than Intermediate

(C)CT means '"Closed Throttle' or '""motored' conditions

(b)rpm between Rated and Intermediate, generally closer to

the order

of conditions shown was used for computer setup only (Appendixes
D and G) - actual run sequence and tabular data (Appendixes C
and F) had non-motored Rated speed modes as 12-20, followed
in order by Low idle, Intermediate CT, and Rated CT
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with operating speed (see Figures A-2, A-10, and A-18 in Appendix A).
These 13-mode tests were run using Speed No., 3 in place of Intermediate,
and Speed No. 4 in place of Rated, as shown in Tables 2 and 3. Note

that speed No. 3 was chosen below normal intermediate for the 6V-71
and the Onan because they were assumed to have some applications
utilizing these lower speeds.

The speeds chosen as ''rated" and "intermediate" were manufacturer's
rated speed, and either peak torque speed or 60% of rated speed (whichever
was higher), respectively, For convenience, the operating speeds 'used.for
test purposes are summarized in Table 3. This i)nformation in con_]unct1.on
with that in Table 2 yields full descriptions of all the steady-state operating
conditions used for measurement of gaseous emissions. Particulate
measurements were generally conducted at seven steady-state conditions
only, due to their large time requirements. These conditions were; low
idle; 100%, 50%, and zero load at intermediate speed; and 100%, 50%, and
zero load at rated speed., Each particulate condition was repeated several

TABLE 3, OPERATING SPEEDS USED DURING EMISSIONS TESTS

Engine rpm at Condition

Inter- Speed Speed
Engine mediate Rated No. 3 No., 4 Low Idle
Allis-Chalmers 3500 1500 2200 1700 2000 800
Caterpillar D6C 1400 1900 - - 640
Detroit Diesel 6V-71 1600 2100 1200 1800 440
International Harvester D407 1800 2500 2100 2300 700
John Deere 6404 1500 2200 1700 1900 800
Mercedes~-Benz OM636 1400 2400 1700 2100 700
Onan DIJBA 1800 2400 1500 2100 *1500
Perkins 4.236 1450 2400 1700 2100 620
Ford G5000 1400 2100 1600 1900 660
Hercules G-2300 1450 2400 1750 2100 600
J. I. Case 159G 1400 2100 1600 1900 490
Wisconsin VH4D 1700 2800 2000 2400 920

*Minimum ungoverned speed - governed 1000 rpm idle used for two
of the four 13-mode runs conducted

timee to check on the repeatability of the results, and to provide reasonably
accurate averages. The gaseous emissions acquired by batch sampling,
namely aldehydes and light hydrocarbons (by gas chromatograph), were
measured at 25% power increments during the 2l-mode and 23-mode runs
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only. In addition, these batch-sampled emissions were also measured
during the motored closed-throttle conditions on the Ford G5000 and
Hercules G-2300 engines (modes 12 and 23 of the 23-mode procedure
shown in Table 2).

Computation of mass-based emissions by mode from concentration
data, fuel flow, and (in some cases) air flow was performed by one of two
techniques. The first method was substantially equivalent to that outlined
in the EMA-California ARB 13-mode diesel emissions measurement
procedure, using the following basic equations for each mode. The third
equation was originally written in terms of NO rather than NO,, but
otherwise they are the same as the original ones. The NO, concentration

grams HC per hour = 0.0132 (ppmC) (exhaust flow, lb,,/min)

grams CO per hour = 0. 0263 (ppm CO) (exhaust flow, lbyy,/min)

grams NO, (as NOj) per hour = 0.0432 (ppm NOy) (exhaust flow,
b, /min)

in the third equation was that obtained from the chemiluminescent analyzer.
These equations were used in the computer program to generate mass
emissions data on all the diesel engines except the Onan DIBA,for which
no air flow data were taken. They were also used to generate the tabular
data given in Appendix C for the Caterpillar, International Harvester, and
John Deere engines. Brake specific emissions data by mode were ob-
tained by simply dividing the mass emissions results by power output.

All exhaust flow and concentration data used in these equations, as well
as throughout the remainder of this report, are on a ''wet' basis. The
computer data (Appendixes D and G) have been corrected for removal 6f
combustion water only, but all the other data have been corrected for
removal of atmospheric moisture as well.

The assumptions inherent in the three conversion equations above
are that (1) the molecular weight of the exhaust gases is the same as that
of air (28.97), and (2) the atomic hydrogen/carbon ratio of the exhaust
hydrocarbons is 2,00, In a later section of the report, mass emissions
of aldehydes and particulate will be presented. They were computed using
the following basic equations, which are consistent in assumptions with
the three already given.

grams RCHO (as HCHO) per hour = 0.0282 (ppm RCHO) (exhaust flow,
1by,/min)
grams particulate per hour = 0, 802 (particulate concentration, mg/SCF)
(exhaust flow, lb,,/min)

The second method of computing mass emissions by mode from con-
centration data was a fuel-based technique, sometimes called the '"carbon
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balance'' method. The principal advantage of this method is that air flow
measurement is not required, which helps to assure that emissions
(especially from gasoline engines) are not being upset by the measure:
ment process., The basic equation for conversion of.hydroca.x:bon con-
centrations to mass emissions is the same for gasoline and d1esTa1 engine
emissions, but the constants in the equations for the other coPs’utuentS .
are not the same for gasoline and diesel engines., The following genera
equations apply to both gasoline and diesel emissions, providing that the

grams HC per hour = 0,0454 (ppmC) (fuel rate, 1b,,/hr)/(total carbon)
grams CO per hour = K¢ (ppm CO) (fuel rate, lby,/hr)/(total carbon)
grams NO, (as NO,) per hour = KNQ, (ppm NOy) (fuel rate, lby,/hr)/
(total carbon) ‘
grams RCHO (as HCHO) per hour = KRcHO (ppm RCHO) (fuel rate,
1by,/hr)/(total carbon)
grams particulate per hour = Kp, .4 (particulate concentration,
mg/SCF) (fuel rate, lby,/hr)/(total carbon)

(

and total carbon = %ZHC (as C) + %CO +%CO,

applicable constants are selected from Table 4,

TABLE 4. VALUES OF CONSTANTS IN "CARBON BALANCE"
MASS EMISSION EQUATIONS

Type of Fuel

Constituent Constant Gasoline Diesel
CcO Kco 0. 09{6 0.0906
NOy as NO, KNOX 0.150 0. 149
RCHO as HCHO KrcHO 0.0982 0.0971
Particulate Kpart 2.79 2,76

The principal assumption inherent in this second computation method
is that exhaust hydrocarbons have the same atomic hydrogen/carbon ratio
as fuel hydrocarbons (1. 85 for gasoline and 2.00 for diesel fuel). An ad-
ditional assumption was made for calculation of particulate rate, namely
that the exhaust molecular weight was equal to that of air. All the species
concentrations used in the '"carbon balance' equations were on a wet basis.
This second set of equations, with constants as shown in Table 4, was used
in the computer program to generate mass emissions data on all the
gasoline engines except the Wisconsin. They were also used to calculate the
tabular values in Appendix F for all the gasoline engines, and the tabular
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values in Appendix C for five diesels (Allis-Chalmers, Detroit Diesel,
Mercedes-Benz, Onan, and Perkins). Computer runs were not made for
the Onan and Wisconsin engines because in each case some required data
were missing.

The initial computation of composite brake specific emissions on the
F, C, &I engines was performed using mode weighting factors originally
specified for on-highway engines, These factors for diesels were 0.20/3 =
0.0667 for idles, and 0, 8/18 = 0.0444 for all the other modes. For gasoline
engines, the factors were 0.20/3 = 0.0667 for idles, and 0, 8/20 =0.04 for
all the other modes, Computation using these factors was a convenience,
since the computer programs had incorporated them, but this use does not
preclude the possibility of using other factors later in the report when
emission factors and impact are calculated. Determination of reasonable
mode weighting factors will be discussed in more detail for each application
category following section IV (section V for farm engines, section VI for
construction, and section VII for industrial engines).

Once mass emissions by mode have been determined by one of the
methods outlined above, the definitions and equations below can be used to

M, = individual mode emissions, g/hr

W. = individual time-based mode weighting factor
hp; = individual mode power, hp

n = number of modes (13, 21, or 23)

n
cycle composite g/hr = z M, W;
i=1
n
5
i=1

cycle composite g/bhp hr =

n
Z hp, W;
i=1

calculate cycle composite emissions based on whatever weighting factors
are deemed appropriate for the particular application.

After the composite emissions were calculated for diesels, a '"'cor-
rection factor'' taken from Federal regulaﬁons(l) was applied to the NO,
results, and it is shown below. The quantity "H'" is humidity of intake air

1
1-0.0025 (H-75)

diesel NO, correction factor =
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in grains water per pound dry air, and the equation is designed Lo revise

NO, emissions to the value which would have occurred had the hurnidity.
during the test been 75 grains water per pound dry air. Federal emissions
regulations for gasoline engines include different correction factors for
light-duty and heavy-duty engines, so it is not really clear which factor
should be used for the F, C, and I engines. The computer results in Ap-
pendix G do not include a correction factor at all, nor do any data presented
(for gasoline or diesel engines) on a mode-by-mode basis in either the Appen-
dixes or the text, Only cycle composite NOx emissions have been corrected
to 75 grains humidity.

It would seem logical on the surface that the heavy-duty factor should
be applied, since the F, C, & I engines are of the heavy-duty type, but
consideration should be given to the derivation of this factor. The original
work(5) shows derivation of the factor only on the basis of complete 9-mode
Federal (heavy-duty) truck tests, using a set of mode weighting factors
required through 1973. These weighting factors give a composite load
factor between 0,45 and 0.5, whereas those which will become effective
in 1974 yield a load factor between 0.2 and 0.25. On the other hand, the
light-duty factor does not seem applicable to the test engines, because it
applies to low-load factor road route operation.

Comparison o1 the HD and LD correction factors shows agreement
within approximately 1% from 75 grains down to about 30 grains, but also
a rapid divergence above 75 grains, At 101 grains, for instance (highest
humidity recorded during gasoline engine tests), the LD factor is 1,139 and
the HD factor only 1.068, In the absence of a humidity correction factor
derived especially for the 23-mode procedure, a somewhat arbitrary de-
cision must be made, and that decision is that the heavy-duty factor(1) (shown
below) will be used. The data in Appendixes E, F, and G have not been

gasoline NOy correction factor = 0,634 = 0.00654 H - 0.0000222 H2

corrected to 75 grains, nor have the mode data in the text, but the cycle
composite results in the text have been corrected

Fuels used in performing tests on the F, C, & I engines met the
requirements for emission test fuels as listed in Federal regulations(l),
The diesel fuel used was number 2 grade, and the gasoline was a leaded
type. Federal fuel requirements are listed in Table 5, along with typical
specifications of the fuels used for testing. The hydrogen/carbon ratios of
the fuels were not measured, but rather they were assumed when necessary
to be 2,00 for diesel fuel and 1, 85 for gasoline. These assumptions, as
mentioned earlier in this section, are consistent with the practice used
in formulating Federal calculation procedures.
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D, Estimation of Unmeasured Emissions

A number of important exhaust constituents were measured during
tests under the subject contract, but a few measurements of less important
emissions had to be neglected due either to time and financial constraints
or the lack of a reliable analysis method. Using these criteria, it was
decided to estimate emissions of sulfur oxides (SO,), evaporative hydro-
carbons, and crankcase (blowby) hydrocarbons rather than attempt to
measure them,

Taking the oxides of sulfur first, instrumentation for the measure-
ment of this pollutant in raw exhaust has not been developed to the same

TABLE 5. FEDERAL EMISSIONS TEST FUEL REQUIREMENTS
AND TYPICAL SPECIFICATIONS OF FUELS USED

Gasoline
No. 2 Diesel Fuel Federal
Federal Typical (1973) Typical
Require~- Specifi- Require- Specifi-
Property ment cation Property ment cation
Cetane 42-50 45,5 Octane, Res. 100 (Min) 102
IBP, °F 340-400 392 Lead, g/gal 3,1-3.3 3.2
10% pt., °F 400-460 439
50% pt., °F 470-540 520 IBP, °F 75-95 90
90% pt., °F 550-610 582 10% pt., °F 120-135 126
EP, °F 580-660 648 50% pt., °F 200-230 216
90% pt., °F 300-325 311
Gravity, °API 33-37 33.8 EP, °F 415 (Max) 360
Sulfur, % 0.2-0.5 0.32 Sulfur, % 0.10 0.01
Aromatics, % 27 (Min) 36,7 Phosphorus 0 0
Flash Point, °F 130 (Min) 180 RVP, psi 8.7-9.2 9.0
Olefins, % 10 (Max) 0.6
Viscosity, cs. 2.0-3.2 2.5 Aromatics, %& 35 (Max) 28,6

point as that for other common combustion products, so it has become more
or less accepted practice to calculate sulfur oxide emissions based on fuel
sulfur content. The assumption is usually made for convenience that all the
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sulfur oxidizes to SO, and thus the mass emission rate of SOy is taken to
be 2.00 times the rate at which sulfur is entering the engine in the fuel
(2.00 is the ratio of the molecular weight of SO, to the atomic weight of S).
This technique is fairly accurate for 4-stroke gasoline engines and all .
diesels, in which substantially all the fuel is burned. Emission rates will
be calculated and included in section IV, based on assumed fuel sulfurécon-
tents of 0,043% by weight for gasoline and 0.22% for no. 2 diesel fuell®),

Regarding emission of hydrocarbons due to evaporation, it will
first be assumed that evaporation of diesel fuel is negligible, although
doubtless some spillage losses do occur, Evaporation of gasoline includes
spillage losses, running losses from fuel tank and carburetor, ""hot soak'
losses from fuel tank and carburetor, and diurnal breathing losses from
the fuel tank, Spillage and venting during tank filling is probably significant,
but analysis of these losses is beyond the intended scope of the subject work.
All losses from the carburetor will be neglected due to lack of information,
but it is probable that these losses are not large because the carburetors
most commonly used are updraft types, located well to the side of the engine
and (as much as possible) out of the path of natural convection heat transfer
from the engine block.

Although fuel tanks on tractor-type equipment are located directly
over the engine in many cases, no information is available on running or
hot soak losses from them. It is possible, however, to estimate diurnal
breathing losses., In the case of engines used for industrial purposes, the
end usage is so varied that an estimate for fuel tank size will have to be
made, but better data will be available on this point for tractors and similar
equipment. Diurnal losses are primarily functions of fuel vapor pressure,
vapor space in the tank, and the range of tank temperatures during the day.

The best available information on gasoline evaporative emis sions(7
8,9, 10) was developed for passenger cars, and consequently no specific
data are given for fuel tanks exposed to direct sunlight or positioned directly
over the engine. Comparison of shaded and unshaded storage tank losses
has been made, however, indicating that 4 times as much evaporation can
occur from an unshaded tank as from a shaded one(l0), This comparison
study was based on a 4-week observation period of 300-gallon tanks, each
initially full, with removal of 75 gallons of fuel at the end of each week.
It seems apparent that the evaporative loss factor for tractor-type equip-
ment and power units having their tanks over the engine and at least par-
tially exposed to sunlight should be higher than that for units having protected
fuel supplies. Determining the fractions of power units in each of the two
groups (exposed tank and protected tank) will be done later in the report,

The diurnal emission rate which seems most reasonable for auto-
mobiles, assuming a fuel Rvp (Reid vapor pressure) of 9.0 psi(6), is
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about (2. 0g hydrocarbons)/(gallon tank volume day)(7s 8,9,10), This rate
means that a car with a 20 gallon tank would lose 40 g/day, or that one
with a 10 gallon tank would lose 20 g/day, and so on. This factor is based
on a temperature swing of 25°F to 30°F, with a maximum of 85°F to 90°F,
An increase in the maximum temperature would cause greater evaporation,
of course, and it is felt that the conditions encountered by tractor fuel tanks
would include these higher maximum temperatures. A conservative esti-
mate for unprotected tanks, based on available information(9), would be
about (4.0 g hydrocarbons)/(gallon tank volume day), or double the rate for
a protected tank. Should better information on evaporative losses from off-
road equipment become available, the estimates can be revised. For the
present, however, the factors of 2g and 4g per gallon tank volume day will
be used for protected and unprotected tanks, respectively. Some seasonal
and regional variations in evaporative emissions undoubtedly occur, and

attempts to include these variations will be made when emissions impact
is estimated.

Emissions from automobile crankcases have been controlled
for some time by positive crankcase ventilation (PCV) systems, but
there has been no general requirement for control of crankcase
emissions from engines operated off-road, Consequently, most of
the F, C, & I category heavy duty gasoline engines do not employ
crankcase emission controls as standard equipment, although they
are generally available as an option. Of the four gasoline engines
tested under this part of the contract, only the Wisconsin employed
a crankcase emission recirculating system.

Prior to legislation requiring PCV systems and other controls
on automobiles, several studies were done to determine the amount
and composition of crankcase emissions from 4-stroke gasoline en-
gines(ll’ 12) " The best-supported generalization which can be derived
from the results of these studies is that crankcase hydrocarbon emissions
amount to about 20% of those in the exhaust, and that emission of other
common pollutants is negligible. This estimate will be used to deter-
mine hydrocarbon emission factors for gasoline engines later in the
report, with attempts to take into account fractions of production sold
withyand without control systems. The discussion on crankcase emissions
applies only to gasoline engines, of course, since those fromdiesels are
considered negligible.
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IV. EMISSION TEST RESULTS

Most of the raw emissions data which form the basis for this section
of the report are given in the Appendixes, with the exceptions of aldehyde,
particulate, and light hydrocarbon concentrations, and steady-state smoke.
The data not included in the Appendixes will be presented in this section of
the text. Appendixes A through D provide data on the eight diesel engines
tested, while Appendixes E through G do the same for the four gasoline
engines tested.

The emission results are broken up into four subsections, with
gaseous emissions first and particulate second. A subsection on smoke
(from diesels only) follows, and the fourth division includes em1ss1on data
contributed by manufacturers and that obtained from other sources outside
the subject contract.

A. Results of Gaseous Emissions Tests

Complete basic gaseous emissions data (except aldehydes, light
hydrocarbons, and particulate) are given in Appendix C for the diesel en-
gines and in Appendix F for the gasoline engines. In addition, graphs
showing emission concentrations (HC, CO, and NOy only) as functions of
load with speed as parameter are given in Appendix A for diesel engines
and in Appendix E for gasoline engines. The data in Appendixes C and
F can be used to assess repeatability, giving an indication of variation
inherent in engine operation and the test procedures used.

This subsection contains concentration data on aldehydes and light
hydrocarbons, as well as data on a mass basis and on a brake specific
basis for the major gaseous pollutants (HC, CO, NOy, aldehydes, and SOy).
The light hydrocarbon analysis was sensitive to seven compounds, from
methane through butane, although in many instances not all the compounds
were present in measurable amounts (0.1 ppm or more). The light hydro-
carbon concentrations which will be given in this report are on a wet basis,
and are expressed as ppm of the compound, not ppm C,

Table 6 gives light hydrocarbon data on the diesel engines tested,
and only 5 compounds are shown because neither propane nor butane was
found in any of the diesel exhaust samples. Table 7 presents corresponding
data on the gasoline engines, but with all seven compounds represented.
The data were taken during operation on the 21-mode procedure (diesels)
or the 23-mode procedure (gasoline engines), at 25% power increments plus

two idle modes and (in the case of the gasoline engines only) closed throttle
modes.

The primary usage of the light hydrocarbon data would occur in at-
tempting to describé the combustion processes taking place, but such an
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TABLE 6. DATA ON LIGHT HYDROCARBON EMISSIONS FROM HEAVY-DUTY
DIESEL ENGINES USED IN FARM, CONSTRUCTION, AND INDUSTRIAL APPLICATIONS

Condition ppm Concentrations, A-C 3500 Engine ppm Concentrations, Cat. D6-C Engine
Speed  Load CHg C2Hg CoHy C2H2 C3Hg CHy CyHg CaHy C,Hp C3Hg
Idle 0 15, 0.0 11. 0.0 0.0 0.0 0.0 7.9 3.3 2.3
Inter- 0 11, 0.0 10, 0.0 0.0 0.0 0.0 4.3 2.0 2.0
mediate 25% 9.4 0.0 3.8 0.0 0.0 0.0 0.0 2.1 1.0 0.6

50% 10. 0.0 9.6 0.6 0.0 0.0 0.0 4.9 2,6 1.5

75% 13. 0.0 14. 2.3 0.0 0.0 0.0 4.8 2.6 2.2

100% 15, 0.0 6.8 1.7 0.0 0.0 0.0 6.0 3.7 1.9

Rated 0 8.9 0.0 7.2 0.0 0.0 0.0 0.0 4.8 2.2 1.7
25% 6.8 0.0 4.2 0.0 0.0 0.0 0.0 2.2 1.2 0.6

50% 4.8 0.0 4.0 0.0 0.0 0.0 0.0 5.8 3.3 2.1

75% 5.2 0.0 9.9 2.6 0.0 0.0 0.0 5.7 3.3 2.0

100% 6.3 0.0 12. 0.5 0.0 0.0 0.0 5.2 3.0 1.6

Condition ppm Concentrations, D, D, 6V-71 Engine ppm Concentrations, I. H. D407 Engine
Speed Load CHy C,Hg CoHg C2H> C3Hg CHy C2H, CpHy C2H» C3Hg
Idie 0 3.9 0.0 1.4 2.8 0.0 4.2 0.0 5.0 1.0 0.6
Inter- 0 4.0 0.0 1.5 0.0 0.0 4.7 0.0 11, 1.8 2.0
mediate 25% 2.6 0.0 0.4 0.0 6.0 3.8 0.0 7.4 1.4 1.0

50% 2.0 0.0 0.0 0.0 0.0 4.2 0.0 6.8 1.4 1.0
75% 3.0 0.0 0.2 0.0 0.0 7.1 0.2 12, 2.0 3.2
100% 2.7 0.0 3.7 0.5 0.0 43, 0.5 56. 12 6.8
Rated 0 1.7 0.0 2.7 0.0 0.0 3.6 0.0 8.6 1.4 1.4
25% 1.8 0.0 0.6 0.7 0.0 4.0 0.0 9.6 2.0 1.6
50% 2.2 0.0 0.2 1.1 0.0 3.4 0.0 7.4 1.4 1.0
75% 1.8 0.0 0.1 2.3 0.0 4.1 0.0 9.9 1.4 2.4
100% 1.7 0.0 2.6 2.6 0.0 8.5 0.4 34, 3.0 12.
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TABLE 6 (Cont'd). DATA ON LIGHT HYDROCARBON EMISSIONS FROM HEAVY-DUTY
DIESEL ENGINES USED IN FARM, CONSTRUCTION, AND INDUSTRIAL APPLICATIONS

Condition ppm Concentrations, J.D. 6404 Engine ppm Concentrations, M-B. OM636 Engine
Speed Load CHg4 C2Hg CoHy C2Hy C3Hg CH4 CyHg CoHy CyH, C3H6
Idle 0 7.1 0.1 18, 3.0 0.5 3.1 0.0 3.8 0.0 0.0
Inter- 0 18, 1.0 55, 8.0 12. 3.8 0.0 5.7 0.0 0.0
mediate 25% 9.0 0.2 23. 5.1 2.7 3.4 0.0 7.4 0.0 0.0

50% 7.1 0.1 14. 2.2 1.5 3.8 0.0 6.4 0.0 0.0

75% 6.4 0.3 35. 1.7 6.9 2,9 0.0 5.2 0.0 0.0

100% 16. 0.0 32. 7.3 1.4 3.4 0.0 8.9 0.0 0.0

Rated 0 8.2 0.0 21, 3,6 1.3 4.2 0.0 9.0 0.0 0.0
25% 5.4 0.0 9.0 1.4 0.0 4.5 0.0 14, 0.0 0.0

50% 2.8 0.0 15, 0.0 2.6 5.3 0.0 21, 0.0 0.0

75% 3.8 0.3 41. 1.3 7.7 3.6 0.0 12, 0.0 0.0

100% 5.1 0.3 35, 2.7 1.4 4.1 0.0 8.1 0.0 0.0

Condition ppm Concentrations, OnanDJBA Engine ppm Concentrations, Perkins 4, 236 Engine
Speed Load CHgy C,Hg C2Hy C,H, C3Hg CHy4 C2Hg CoHy CyHp C3Hg
Idle 0 3.4 0.0 9.2 0.7 0.0 5.1 0.0 5.2 0.0 0.0
Inter- 0 4.8 0.0 12. 1.6 0.0 9.0 0.0 6.8 0.0 0.0
mediate 25% 2,7 7.9 0.0 0.0 0.0 4.5 0.0 5.1 0.0 0.0

50% 3.2 0.0 8.8 0.7 0.0 2.3 0.0 2.9 0.0 0.0

75% 4.6 0.0 8.0 1.6 0.0 2.8 0.0 5.4 0.0 0.0

100% 22, 0.6 17. 8.6 2.7 28. 0.0 22, 5.3 0.0

Rated 0 6.0 0.0 16. 2.3 2.1 5.6 0.0 8.2 0.0 0.0
25% 6.0 0.2 16. 5.9 1.7 7.8 0.0 6.6 0.0 0.0

50% 4.6 0.1 7.6 9.6 1.4 1.7 0.0 4.6 0.0 0.0

75% 1.9 0.0 6.2 0.6 0.0 3.0 0.0 5.4 0.0 0.0

100% 4.1 0.0 8.2 1.3 0.0 13. 0.0 17. 3.2 0.0
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TABLE 7. DATA ON LIGHT HYDROCARBON EMISSIONS FROM HEAVY-DUTY
GASQ@LINE ENGINES USED IN FARM, CONSTRUCTION, AND INDUSTRIAL APPLICATIONS

Condition ppm Concentrations, Ford G5000 Engine ppm Concentrations, Hercules G-2300 Engine
Speed Load CHq4 CpHy CpHy C3Hg CyH, C3Hg CyuHjg CH, CzHg CpH4 CqHg CzH, C3Hg C4Hjg
Idle 0 512 28 162 0.0 186 56 0.0 924 26 259 0.0 741 70 0.0
Inter- CT 1210 197 583 1.0 504 171 158. 555 67 271 3.6 364 93 66.
mediate O 1850 46 365 0.0 861 106 0.0 370 27 243 0.0 189 58 0.0

25% 595 28 181 0.0 177 69 0.0 315 22 175 0.0 119 109 0.0
50% 465 21 135 0.0 134 55 0.0 192 10 86 0.0 61 32 0.0
75% 378 18 107 0.0 94 43 0.0 239 12 104 0.0 82 44 0.0
100% 476 23 35 0.0 75 49 0.0 323 7 97 1.8 85 59 0.0
Rated CT 1320 203 741 2,0 582 189 122. 149 27 98 0.0 79 32 41,
0 1010 42 279 0.0 393 77 0.0 366 17 170 0.0 190 38 0.0
25% 535 30 183 0.0 161 65 0.0 284 16 138 0.0 99 44 0.0
50% 386 21 135 0.0 111 50 0.0 219 12 105 0.0 67 41 0.0
75% 376 18 117 0.0 92 42 0.0 303 13 126 0.0 83 52 0.0
100% 300 17 101 0.0 71 43 0.0 226 10 98 0.0 69 41 0.0

Condition ppm Concentrations, J. I. Case 159G Engine ppm Concentrations, Wisconsin VH4D Engine
Speedv Load CH4 C2H6 C2H4 C3H8 Csz C3H6 C4H10 CH4 C2H6 C2H4 C3H8 CZHZ C3H6 C4H10
Idle 0 558 14 140 0.0 209 39 0.0 298 13 93 0.0 174 46 0.0
Inter- CT - - - - - - - - - - - - - -
mediate 0 865 23 216 0.0 326 57 0.0 755 17 189 0.6 405 75 0.0

25% 550 12 128 0.0 169 32 0.0 265 9 82 0.0 123 39 5.3
50% 348 8 84 0.0 99 22 0.0 151 2 42 0.0 66 46 0.0
75% 357 8 77 0.0 91 20 0.0 396 17 111 0.0 127 29 0.0
100% 296 8 74 0.0 75 25 0.0 323 9 73 0.0 107 81 0.0
Rated CT - - - - - - - - - - - - - -
0- 305 12 97 0.0 84 -45 0.0 408 22 138 0.0 185 52 0.0
25% 476 14 122 0.0 152 46 0.0 478 22 173 0.0 201 103 0.0
50% 286 12 91 0.0 86 35 0.0 314 13 90 0.0 90 81 0.0
75% 369 13 103 0.0 106 41 0.0 262 12 88 0.0 94 57 0.0
100% 488 16 137 0.0 168 52 0.0 272 24 112 0.0 79 41 0.0



investigation is outside the intended scope of this project. Likewise, it
would serve no real purpose at this point to compute light hydrocarbon
emissions on a mass or brake specific basis, so they appear only as
concentrations.

The most comprehensive body of processed data to be presented in
this subsection is the mode-by-mode summary of mass emissions (g/hr) and
brake specific emissions (g/hp hr) for the twelve test engines. This sum-
mary makes up Tables 8 through 19, and includes aldehyde concentrations
as well as the mass-based data, The data can be weighted on a mode-by-
mode basis to compute composite mass and brake specific emissions, as
was discussed in section III, C., and the first attempt at such a computation
will utilize the weighting factors commonly used for on-highway engines
(see section III.C.). The use of these factors gives a uniform basis for
comparison of data generated under the subject program to a large body of
existing data on other engines, but it does not carry with it the assertion
that the on-highway factors necessarily apply to farm, construction, or
industrial applications. The mode NO, data have not been corrected for
humidity, so if other composites are calculated, they will have to be
corrected individually.

Subject to the foregoing qualifications, then, the composite brake
specific emissions from the eight diesel engines tested are presented in
Table 20, and those from the gasoline engines are shown in Table 21. The
data on the diesels show considerable variation from engine to engine,
depending on induction system, injection system, combustion chamber
design, and so forth. Variation among the gasoline engines was much
less pronounced than among the diesels, and had the J. I. Case been run
with lower intake and exhaust restrictions the variation would probably
have been smaller still. Note that operation of the Case engine (which
was the first gasoline engine tested in the F, C, & I category) at high
intake and exhaust restrictions was the result of the contractor's mis-
interpretation of information received regarding upcoming Federal test
procedures for heavy-duty gasoline engines. The mistake was rectified
prior to testing the other gasoline engines, but it rendered the Case
data less usable than that for the other gasoline engines. The correct
precedents for setting intake and exhaust restrictions were utilized on
all the engines except the J. I. Case, namely the EMA-California ARB
procedure(z) for diesels, and the new Federal regulations on gasoline
engines(l).

Aldehydes were not measured for every mode, so the value for the
average idle was given its normal weight (0. 2) and data for the other
modes were given the weights 0.8/n, where n was the number of modes
during which data were taken. Later in the report, the brake specific
data (with other weighting factors, if necessary) from test engines and
those from outside sources will be used to estimate emission factors.
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TABLE 8. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR AN ALLIS-CHALMERS 3500 DIESEL ENGINE

Concentrations,

L?

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC CO NO,, RCHO SO HC co NOy RCHO SO,
Idle 0 42 27 20.9 130, 65.6 7.4 5.0 - - - -
1500 0 44 29 31.7 170, 120, 12, 9.5 - - - -

12.5% - - 27.3 130. 290, - 19.6 1.82 8.55 19,1 1,30
25% 28 22 31.4 100, 460, 9. 28.7 1,05 3.13 15.3 0.958
37.5% - - 38.3 87.2 630. - 38.5 0.860 2.15 13.9 0.858
50% 33 32 41.6 110, 780, 12. 49.5 0.696 1,83 13.0 0.828
62.5% - - 40.3 200, 1090, - 60.5 0.539 2.64 12.5 0. 808
75% 20 16 39.0 300. 1115, 8. 72.0 0.437 3.49 12.4 0. 801
87.5% - - 26.5 920, 1260, - 84.6 0. 255 8.76 12,0 0. 846
100% 23 23 13,3 1880. 1260, 10. 98.0 0.113 15,81 10.6 0.817
1700 0 - - 35.5 160, 150, - 14, - - - -
25% - - 34. 4 99.2 460, - 33.1 1.02 2.92 13,6 0.974
50% - - 36.5 100, 790, - 55.7 0. 54 1.52 11.7 0. 819
75% - - 39.7 280. 1230, - 79.6 0. 39 2.72 12.1 0.796
100% - - 15.8 1420. 1430, - 107. 0.12 10.55 10.6 0.821
2000 0 - - 30.0 140, 170, - 18, - - - -
25% - - 32.9 98.5 470, - 39.1 0.89 2.67 12.7 1.06
50% - - 33.4 110, 850. - 63.3 0.45 1.53 11.5 0,855
75% - - 36.9 190. 1330, - 88.8 0.33 1.71 11.9 0, 807
100% - - 31.6 820. 1580, - 117, 0.22 5.51 3.7 0.780
2200 0 20 18 40.0 130. 180, 9. 22.4 - - - -
12.5% - - 37.9 130. 310, - 31.9 2.03 5.82 16.6 1.71
25% 18 16 42.8 110. 450, 9. 43,5 1.08 2.78 11.4 1,17
37.5% - - 42,3 110, 620, - 55.7 0.755 1.97 11,2 0.994
50‘% 18 16 42,1 103, 820, 10. 68.5 0.564 1.68 9.92 0.916
62.5% - - 44.2 130. 1030, - 80.6 0.474 1.46 11.0 0.867
75% 25 23 46.7 160, 1280. 16. 93,8 0.418 1.47 11.4 0.853
87.5% - - 47.5 250. 1510, - 108, 0.363 1.92 11.5 0.834
100% 27 25 45.8 430. 1680, 19, 120, 0.319 2.98 11.7 0.797



8¢

TABLE 9. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A CATERPILLAR D6-C DIESEL ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC co NO, RCHO SOy HC co NOx RCHO SO,
Idle 0 26 12 7.31 57.2 20.9 5.6 6.2 - - - - -
1400 0 24 12 11.09 120. 52.2 11, 15,2 - - - - -

12.5% - - 7.68 76.9 110. - 23.4 0.479 4.57 6.61 - 1.46
25% 14 4 6.56 40.4 190, 6.4 31.9 0.206 1.26 5.84 0,20 1.00
37.5% - - 5.36 29.4 300. - 40.9 0.111 0.61 6.11 - 0. 849
50% 13 5 5.17 23.8 390. 6.2 48.7 0.081 0.37 6.16 0.10 0.762
62.5% - - 5.30 33.6 440. - 60.7 0.659 0.42 5.46 - 0.756
75% 13 7 5.15 36.3 440, 6.5 71.7 0.053 0.38 4.58 0.07 0.748
87.5% - - 5.03 37.3 440. - 84.0 0.044 0.33 3.89 - 0. 764
100% 9 5 4.43 51.0 450, 5. 97.0 0.034 0.39 3.46 0.04 0.746

1900 0 12 5 14.80 150. 82.4 7.1 25,3 - - - - -
12. 5% - - 7.70 196.1 130 - 33.5 0.412 5.17 7.02 - 1.%9
25% 7 6 6.99 73.7 210, 4. 44.5 0.185 1.97 5.49 0.1 1.19
37.5% - - 6.71 63.4 300, - 54,3 0.118 1.13 5,43 - 0.971
50% 10 3 7.22 63.8 400, 5.8 64.5 0.109 0.85 5,42 0.08 0.865
62.5% - - 6.67 50.9 490, - 77.6 0.070 0.54 5.24 - 0.825
75% 11 8 6.15 52.8 550. 7.2 89.8 0.054 0.47 4.92 0.06 0.816
87.5% - - 5.84 60.6 590. - 103, 0.044 0.46 4.52 - 0.786
100% 10 5 6.48 73,2 620. 7.4 118, 0.043 0.49 4.18 0.05 0.789
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TABLE 10, MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A DETROIT DIESEL 6V-71 DIESEL ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC CcO NOx RCHO SOy HC CcO NOyx RCHO SO,
Idle 0 12 7 12,3 54.6 100, 3.0 5.6 - - - - -
1200 0 - - 24.5 140, 170, - 13.4 - - - - -

25% - - 31.2 56.8 781, - 36.7 0.969 1.76 24.3 - 1. 14
50% - - 33.7 30.0 1410. - 59.5 0.513 0.457 21.4 - 0.904
75% - - 39.7 100, 2070. - 83.2 0.405 1.01 21.1 - 0. 849
100% - - 41,1 3810, 1650, - 118. 0.317 29.30 12.7 - 0.906
1600 ] 23 13 40.8 150, 310. 22, 22.4 - - - - -
12.5% - - 39.7 92.5 660. - 34,7 1,77 4,14 29.5 - 1,55
25% 14 7 41.3 59.3 1040. 14, 47.1 0.964 1.38 24. 4 0.34 1,10
37.5% - - 46.0 47.3 1580, - 59.7 0.715 1.07 24.5 - 0.927
50% 13 8 46,5 40.6 1960. 14, 75.4 0.539 0.471 22.7 0.16 0,875
62.5% - - 48, 7 39.1 2510, - 88. 4 0.449 0.361 23.2 - 0.804
75% 7 4 53.5 69.3 2970, 7. 104, 0.415 0.537 23.1 0.6 0.803
87.5% - - 64.2 440. 3120. - 124, 0.428 2.93 20.8 - 0. 828
100% 11 7 65.5 2350, 2770. 12, 143, 0.386 13,83 16.3 0.07 0.842
1800 0 - - 62.9 130, 430. - 27.5 - - - - -
25% - - 59.9 55.0 1190. - 53.7 1,31 1,20 25.9 - 1,17
50% - - 55.8 38.6 2000. - 83.2 0.603 0.416 21.6 - 0.898
75% - - 58. 6 84.8 3210. - 120. 0.421 0.608 23.1 - 0. 858
100% - - 63.8 2170, 3250, - 161, 0,342 11,7 17.5 - 0. 847
2100 0 10 5 95.1 150, <7130, 16. 36.5 - - - - -
12,5% - - 87.7 110. 1120, - 48. 7 3.51 4,49 44,9 - 1.95
25% 8 5 81.4 90.5 1620. 12, 63.9 1.58 1.76 31.4 0.2 1.28
37.5 - - 79.5 81.6 2070, - 78.2 1,03 1.06 26.8 - 1,02
50% 7 4 79.7 81,2 2680, 10, 96,6 0.768 0.783 25.9 0.1 0.966
62.5% - - 76.9 72.3 3250, - 110. .0.593 0.556 25,1 - 0.849
5% 9 6 80.4 78.8 4030, 13, 135, 0.519 0.509 26.0 0.09 0.898
87.5 - - 83.7 180. 4330, - 155, 0.440 0.960 23.7 - 0.862
100% 10 7 86.7 760, 4180, 14, 175. 0.417 3.65 20.1 0.06 0.834
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TABLE 1l1. MASS EMISSIONS AND BRAKE SPECIFIC. EMISSIONS OF MAJOR GASEQUS POLLUTANTS

AND ALDEHYDE CONCENTRATIONS FOR AN INTERNATIONAL HARVESTER D407 DIESEL ENGINE

Concentrations,
Condition pPpm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC co NOy RCHO SOy HC co NO, RCHO SO,
Idle 0 22 16 34.67 34,05 33.87 3.1 2.8 - - - - -
1800 -0 29 13 109.4 112.5 46.8 10 11, - - - - -
12.5% - - 93.0 111,3 86.0 - 18, 7.85 9.38 7.26 - 1.5
25% 20 10 99.0 100.6 145.5 7.0 24,1 4,13 4,19 6,06 0,29 1.01
37.5% - - 92.0 109.5 201.5 - 31.7 2.56 3.04 5,60 - 0. 881
50% 15 9 100.2 111.3 277.3 5.2 38.3 2.09 2.32 5,78 0.11 0.798
62.5% - - 98.0 146.8 383.5 - 46.1 1.64 2,45 6.39 - 0.768
75% 13 7 121.8 304.5 474.8 4.5 56.5 1.69 4.23 6.59 0.062 0.784
87.5% - - 148.3 799.8 584.3 - 66.5 1.77 9.53 6.96 - 0.791
100% 24 10 120.9 2340.5 624.5 8.3 77.2 1,26 24.4 6.49 0.086 0.803
2100 0 - - 139.5 138.0 59,9 - 14, - - - -
25% - - 118.5 135.5 172.0 - 28.5 4, 46 5.10 6.47 - 1,07
50% - - 120.5 154.0 343.0 - 46. 1 2.30 2.94 6.54 - 0.878
75% - - 141.0 288.5 619.5 - 63.9 1. 80 3.68 7.90 - 0.815
100% - - 153,5 2246.5 749.5 - 87.2 1.46 21.4 7.14 - 0.831
2300 0 - - 148.5 149.0 81,9 - 17. - - - - -
25% - - 134.5 140.0 206.5 - 31.3 4. 88 5.08 7.48 - 1. 14
50% - - 131.0 162.5 375,5 - 48.7 2.37 2.95 6.81 - 0.882
75% - - 139.5 300.5 786.5 - 63.7 1,69 3.63 9.50 - 0.769
100% - - 204.0 1903.5 963.5 - 91.8 1.86 17.31 8.76 - 0.835
2500 0 14 13 145, 0 175.5 97.0 6.5 20.2 - - - - -
12.5% - - 139.4 177.0 135.8 - 26.1 10.4 13,26 10.17 - 1.96
25% 23 7 145.5 169.8 210.3 18. 34.3 5.26 6.12 7.59 0.65 1.24
37.5% - - 139.8 164.3 291.0 - 41.5 3.40 4,00 7.10 - 1.01
50% 32 17 149. 8 162.8 415.8 15, 49.7 2,73  2.97 7.59 0.27 0.907
62.5% - - 143.5 190.0 563.3 - 59.5 2.09 2.77 8,22 - 0. 868
75% 18 8 144. 0 244.8 724.3. 8.3 67.5 1.74 2.95 8.74 0.101 0.814
87.5% - - 162.8 410.0 900.0 - 77.6 1.68 4,23 9,31 - 0. 803
100% 16 7 202.5 815.5 1008.8 7.5 88.0 1.85 7.44 9.21 0.068 0.804
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TABLE 12. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A JOHN DEERE 6404 DIESEL ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed  Load RCHO HCHO HC CO NO, RCHO SO, HC CO NO, RCHO SO,
Idle 0 112 62 65.4 78.5 20.7 19.2 5.0 - - - - -
1500 0 209 141 280, 450, 23.6 64.2 15, - - - - -

12.5% - - 230, 280, 45,0 - 20.6 17.8 .21.9 3.52 - 1.61
25% 177 128 180. 140, 91.4 58.9 28.3 6.86 7.15 3.49 2.26 1.09
37.5% - - 180. 140. 140, - 35.9 4,46 3.48 3.54 - 0.919
50% 137 95 190. 140, 190. 50.9 45.3 3,55 2.65 3.55 0.969 0,861
62.5% - - 200, 170, 250. - 53.1 3.09 2.53 3.89 - 0.813
75% 138 97 210, 220, 290. 55.6 60.7 2.67 2.75 4.22 0.713 0.778
87.5% - - 210, 490, 430, - 72.6 2.25 5.33 4.67 - 0.797
100% 111 66 180, 900, 500. 48.2 80.6 1.79 9.05 5.04 0.468 0.783
1700 0 - - 180, 320, 14.9 - 17, - - - - -
25% - - 150, 210. 77. 4 - 32.5 5.96 8.36 3.07 - 1.29
50% - - 170. 150, 180. - 50.5 3.30 2.84 3.44 - 0.986
75% - - 210, 230. 350. - 69.7 2.81 2.97 4.63 - 0.917
100% - - 230, 580. 670, - 91.2 2.27 5.75 6.58 - 0.894
1900 0 - - 160, 240. 33.5 - 20. - - - - -
25% - - 140, 180, 100. - 35.9 4, 46 5.78 3.22 - 1.14
50% - - 180. 130, 230. - 57.5 2.87 2.11 3.61 - 0.905
75% - - 230, 220, 450. - 76.2 2.37 2,32 4.72 - 0.803
100% - - 270, 440. 900, - 98. 4 2,15 3.49 17.10 - 0.781
2200 0 . 139 60 190, 250. 57.3 63.5 24.3 - - - - -
12.5% - - 170. 200. 120, - 36.7 8.74 10.2 6.41 - 1,82
25% 86 51 150, 170, 160. 44, 44.9 4,50 4.90 4.63 1.27 1.31
37.5% - - 240, 110, 250. - 55.9 4.73 2.10 4.87 - 1.08
50% 74 49 200, 100. 330. 43. 67.1 2.81 1.44 4.83 0.62 0.973
62.5% - - 230, 110. 470, - 79.4 2,60 1.25 5.46 - 0.916
75% 142 83 240, 160. 630, 91.7 89.6 2.34 1.53 6.12 0.917 0.896
87.5% - - 260. 260, 880. - 102. 2.15 2,13 7.28 - 0. 848
100% 102 68 280, 350, 1190. 72.5 112. 2.06 2.55 7.29 0.517 0,802
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TABLE 13. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A MERCEDES-BENZ OM636 DIESEL ENGINE

Concentrations,

Condition pPpm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC CO NO, RCHO 50, HC CcO NO, RCHO SOx
Idle ] 24 18 3,59 14.4 12.8 1.1 2.4 - - - - -
1400 0 27 21 6.50 27.8 11.5 2.2 4.2 - - - - -

12,5% - - 6.59 18.4 20.7 - 6.2 3.22 8.99 10.1 - 2.9
25% 24 19 6.50 18.6 26.6 2.0 7.2 1.59 4.56 6.50 0.48 1,8
37.5% - - 6.73 18.0 32.3 - 8.4 1.09 2.91 5.22 - 1.4
50% 23 21 6.88 18.3 38.1 1.8 10. 0.84 2.24 4.66 0.22 1.2
62.5% - - 6.60 18.7 38.9 - 11, 0.64 1.83 3.78 - 1.1
75% 26 24 5.85 19.4 37.5 2.0 13, 0.47 1.60 3.86 0.17 1.0
87.5% - - 5.92 24.0 35.9 - 15, 0.41 1.68 2.50 - 1.1
100% 26 25 8.68 87.7 42.4 2.1 17, 0.53 5,37 2.60 0.13 1.0
1700 0 - - 8.44 32,4 15,7 - 5.8 - - - - -
- 25% - - 9.81 31.4 28.0 - 9.2 1.89 6.04 5.39 - 1.8
50% - - 11.7 32.8 42.2 - 12, 1.12  3.15 4.05 - 1.2
75% - - 7.43 23.6 51.2 - 16, 0.48 1.5l 3.28 - 1.0
100% - - 7.71 13.0 44.3 - 20.8 0.37 6.21 2.13 - 0.998
2100 0 - - 8.48 23.0 13.5 - 6.0 - - - - -
25% - - 26.7 42,5 30.3 - 11, 4.05 6.44 4.59 - 1.7
50% - - 10.4 37.6 43,7 - 16, 0.79 2.87 3. 34 - 1.2
75% - - 7.43 33.0 58.9 - 21.4 0.38 1.68 3.00 - 1.08
100% - - 9.74 200, 59.9 - 28.3 0.37 7.64 2.29 - 1.08
2400 0 34 27 20.7 69.9 19,0 5.3 8.4 - - - - -
12.5% - - 26.5 44,0 23,3 - 11, 7.68 13.0 6. 80 - 3.2
25% 35 26 28. 4 39.1  31.7 4.7 13, 3.94 5,44 4,40 0.65 1.8
37.5% - - 23.6 41,6  40.7 - 15, 2.39 4,23 4,09 - 1.5
50% 29 22 20.7 51.3 54,6 3,9 18, 1.44 3.58 3.80 0.27 1.2
62.5% - - 17.1 36.9  64.7 - 20.6 0.97 2.91 3.63 - 1.15
75% 28 22 12.6 49,1  70.6 3.7 23.2 0.58 2.28 3.27 0.17 1,07
87.5% - - 10.9 98.8 67.6 - 26.7 0.44 3.93 2.70 - 1.07
100% 22 19 7.7 250, 63.4 2.9 30.3 0.27 8.81 2.21 0.10 1.06
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TABLE 14, MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR AN ONAN DJBA DIESEL ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC CcO NO,, RCHO 50, HC co NO_ RCHO SO,
1dle 0 20 12 6.87 31.1 11.1 0.79 2.1 - - - - -
1500 0 - - 6.92 33.1 11.5 - 2.5 - - - - -

25% - - 6.99 12,9 29.3 - 3.8 3.88 6.31 1l4.1 - 1.8
50% - - 4.99 12.3 43.3 - 5.1 1.20 2.95 10,3 - 1.2
5% - - 5.95 20.6 56.1 - 8.2 0.97 3.33 9,12 - 1.3
100% - - 8.75 49.3 30.3 - 8.7 01,03 5.74 3.67 - 1.0
1800 0 12 6 9.90 58.2 11.5 0.62 3.0 - - - - -
12, 5% - - 9,34 28,7 23.6 - 4.1 6.93 21.3 17.5 - 3.0
25% 12 7 9.47 18.8 36.1 0.65 4.8 3.50 7.01 13.4 0.24 1.8
37.5% - - 7.89 15,7 46.5 - 5.5 1.96 3.90 11.6 - 1.4
50% 17 7 7.38 13.9 49.9 0.89 6.4 1.38 2.61 9.30 0.17 1.2
62.5% - - 6.84 13,4 50,6 - 7.2 1.02 1,99 7.54 - 1.1
75% 36 32 7.32 14.9 46.9 1.9 8.3 0.91 1.86 5.82 0.24 1.0
87.5% - - 7.81 19.8 40. 4 - 9.5 0.83 2.11 4.30 - 1.0
100% 7 6 9.68 50.7 32.9 0.37 11, 0.91 4.79 3.10 0.035 1.1
2100 0 - - 20.9 66.7 14.3 - 3.8 - - - - -
25% - - 11,7 32,2 30.1 - 5.5 4.00 11.5 10.8 - 1.9
50% - - 7.11 19.6 48.1 - 7.0 1.25 3.51 8.55 - 1.2
75% - - 5.52 14.8 47.7 - 9.0 0.66 1.80 5,79 - 1.1
100% - - 9.33 41.2 38.7 - 13, 0.77 3.35 3.26 - 1.1
2400 0 33 16 20.2 70.3 _15.1 2.3 4.4 - - - - -
12.5% - - 16.6 40.5 22.9 - 5.3 10.2 24.9 14.1 - 3.3
25% 19 11 12.9 33,6 33.7 1.3 6.6 3.94 10.2 10.3 0. 41 2.0
37.5% - - 9.64 26.4 50.9 - 7.5 1.96 5.38 10.3 - 1.5
50% 13 6 10.2 23.3 46.1 0.91 8.7 1.55 3.55 7.03 0.14 1.3
62.5% - - 7.43 18.5 50.9 - 9.6 0.91 2.26 6.24 - 1.2
75% 9 7 7.25 17.8 48.8 0.62 11, 0.74 1.81 4.96 0.063 1.1
87.5% - - 7.18 15,2 43.3 - 12, 0.62 1.32 3,77 - 1.0
100% 12 9 11,1 31,8 43,6 0.87 15. 0.88 2.51 3.50 0.069 1,2
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TABLE 15. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A PERKINS 4. 236 DIESEL ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC co NO, RCHO 504 HC co NOy RCHO SO,
Idle 0 31 16 8.47 14.4 8.65 1,8 1.5 - - - - -
1450 0 39 24 23.1 46.4 25.9 7.3 5.6 - - - - -

12,59 - - 19.7 52.4 54.1 - 8.8 2.91 7.75 8.0l - 1.3
25% 25 13 18.3 53.9 99.5 4.4 12, 1.40 4.14 7.63 0.34 0.91
37.5% - - 17.3 42.4 170, - 15. 0.89 2.19 8.74 - 0.79
50% 43 35 17.9 30.8 260. 7.9 20.2 0.68 1.17 9.89 0.30 0.766
62.5% - - 14.2 26,6 350, - 24.5 0.50 0.81 10.7 - 0.748
75% 23 12 12,5 36.2 450, 4.1 28.9 0.32 0.¢3 11.4 0.10 0.740
87.5% - - 14.9 145, 500. - 33.7 0.33 3.15 10.9 - 0,738
100% 30 22 11.0 820. 480. 5.5 40.7 0.25 16.2 9.43 0.11 0.803
1700 0 - - 29.7 55.2 33.4 - 4.6 - - - - -
25% - - 26,7 59.9 120. - 13.6 1.69 4.19 8.30 - 0.95
50% - - 25.1 36.5 310, - 22.4 0.87 1,27 10.6 - 0.776
75% - - 25,2 29.2 530. - 31.3 0.59 0.68 12.5 - 0,734
100% - - 17.6 970, 540. - 45.9 0.30 16.6 9.32 - 0.786
2100 0 - - 32.5 54,7 51.0 - 8.8 - - - - -
25% - - 28.6 64.9 140, - 17. 0.20 3,81 8.50 - 0.99
50% - - 25,0 53.0 330. - 25.5 0.43 1.58 9.86 - 0.760
75% - - 21,8 34.4 670. - 37.5 0,74 0.67 13.0 - 0.970
100% - - 13.5 820. 740. - 55.3 1.68 11,9 10.8 - 0.804
2400 0 34 21 35,7 73.2 38.8 8.2 10. - - - - -
12.5% - - 30.9 87.3 72.1 - 15, 3.14 9.00 7.43 - 1.6
25% 53 34 24,5 96.0 120, 14, 20,4 1.27 5.00 6.24 0.80 1.06
37.5% - - 19.8  89.6 190, - 25.7 0.69 3.14 6.68 - 0.903
50% 51 34 18.8 69.4 310, 14, 30.9 0.50 1.81 7.99 0.37 0.806
62.5% - - 14.5 58.3 450, - 36.7 0.26 1.22 9,51 - 0,770
75% 19 10 12.3 56.2 700, 5.4 43.7 0.21 1.16 14,7 0.09 0,760
87.5% - - 16.0 170, 790. - 50,3 0,24 2.57 11.9 - 0.754
100% 37 26 6.69 770, 770, 10.5 60.7 0.17 10.2 10.2 0.14 0.803



TABLE 16. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A FORD G5000 GASOLINE ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC (of0) NO, RCHO SO, HC co NO, RCHO SO,
Idle 0 84 57 87.2 549, 2.43 2.03 1.2 - - - - -
1400 CT 192 126 434, 625, 0,443 5.3 1.3 - - - - -

0 71 46 260. 2770, 3,75 3.2 2.7 - - - - -
12.5% - - 130. 3110. 17. 4 - 3.5 19.8 470, 2,61 - 0.53
25% 71 49 150. 3610, 41.3 5.4 4.41 11.0 270. 3.04 0.40 0. 324
37.5% - - 180. 4320, 73.0 - 5.54 8.80 220, 3.98 - 0.277
50% 70 49 190. 4740, 110. 8.0 6.51 7.00 180, 4.26 0.30 0. 244
62.5% - - 180, 3940, 150. - 7.37 5.38 150. 4.61 - 0,223
75% 77 56 200, 4770, 230. 12, 8.43 5.05 120, 5.79 0.30 0.212
87.5% - - 200. 4810. 320, - 9.48 4.21 100, 6.90 - 0.203
o 100% 82 64 230, 5640. 330, 15, 9.99 4.21 110, 6.05 0,28 0.186
5
1606 0 - - 265. 2100. 4,24 - 2.9 - - - -
25% - - 161, 3970. 38,2 - 4.91 11.1 272, 2.62 - 0,337
50% - - 205, 5160, 116, - 6.90 6.54 166, 3.75 - 0.223
5% - - 208, 5280. 238, - 8.93 4,60 116, 5.28 - 0.198
100% - - 236, 6040, 310, - 11.2 3.95 101, 5.20 - 0.188
1900 0 - - 182, 2360. 4, 34 - 2.7 - - - - -
25% - - 160. 4380. 42,6 - 4.99 9.50 260, 2,52 - 0.297
50% - - 302, 5380, 14l - 7.45 8.82 158, 4.12 - 0.218
75% - - 236, 6380, 264, - 10,4 4.53 123, 5.07 - 0. 200
100% - - 275, 6940, 384. - 13.3 4,09 104, 5.72 - 0. 199
2109 CT 194 129 538. 667, 0.406 6.73 1.3 - - - - -
0 84 58 186. 3040. 10.7 5.3 3.6 - - - - -
12.5% - - 170, 3740, 48.5 - 4.8 18.9 430, 5.52 - 0. 545
25% 70 49 180. 4790, 110, 7.3 6.05 16.0 280, 6.06 0.42 0. 347
37.5% - - 150, 5220, 170, - 7.29 7.43 200, 6.64 - 0,281
50% 76 57 210. 5610, 210, 11, 8, b4 5.91 160, 7.37 0.32 0. 243
62.5% - - 230, 5810, 340, - 9.67 5.20 110, 7.76 - 0.221
75% 63 46 220, 5¢50. 410, 13, 1.5 4,23 116G, 7.77  0.25 0.220
87.5% - - 226G, 5900, 4&0. - 12.2 3.587 1060, 7.48 - 0.198
100% 63 48 250, 51580, 720, 15, 13,7 3.51 70. 10,1 0.22 0.193
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TABLE 17. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEQUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A HERCULES G-2300 GASOLINE ENGINE

Concentrations,

Condition pPpPm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC co NO, RCHO S04 HC coO NO, RCHO S0,
Idle 0 41 28 65,6 1200. 0.993 0.85 1.2 - - - - -
1450 CT 149 96 620. 740, 0.403 3.84 1.3 - - - - -

0 18 9 71.3 1310, 4,46 0.75 2.4 - - - - -
12.5% - - 110. 2410, 14.3 3.6 16.9 360. 2.14 - 0.54
25% 21 12 150, 4950, 33.6 1.7 4.92 11.1 230. 2.43 0.13 0. 356
37.5% - - 190, 5540. 57.0 - 6.48 9.26 240.. 2.78 - 0. 316
50% 29 22 200, 5890. 81.8 3.6 7.29 7.49 200. 3.01 0.13 0. 269
62.5% - - 220. 6460, 100, - 8.11 6.61 170. 3.04 - 0. 240
75% 37 29 230, 7610, 130, 5.7 9.21 5.59 160, 3.29 0.14 0.228
87.5% - - 260, 12800. 210. - 10.6 5.42 160, 4. 46 - 0. 225
100% 21 15 310. 1249, 120. 4,3 13.0 5,74 240, 2.26 0.08 0. 242
1750 0 - - 85.3 1680. 8.32 - 3.0 - - - - -
25% - - 170. 4790. 40.9 - 5.54 10.7 300. 2.59 - 0. 351
50% - - 220, 6770. 120, - 8.15 6.93 210. 3,87 - 0. 257
5% - - 240, 8260. 200. - 10.7 5.06 170. 4,12 - 0. 226
100% - - 260, 13180. 200. - 13.8 4.17 210, 3.15 - 0. 220
2100 0 - - 95.3 2500. 6.93 - 3.3 - - - - -
25% - - 164, 5490, 49.9 - 6.28 8.94 300, 2.54 - 0. 347
50% - - 230. 7640. 150. - 9. 32 6.35 200. 4. 29 - 0,261
75% - - 270, 9820, 240. - 12.0 4.99 180, 4.52 - 0.224
100% - - 290. 12620, 250, - 14.6 4,00 180. 3.53 - 0, 205
2400 cT 141 81 640. 280. 0.359 4.43 1.0 - - - - -
0 31 i9 100. 3140, 8.90 2.1 3.9 - - - - -
12, 5% - - 150, 4680, 22.5 - 5.54 14.9 480, 2.30 - 0. 565
25% 35 21 180, 5760, 2.9 4.1 6.98 9.17 300. 2.56 0.22 0. 364
37.5% - - 200, 6650, 83.1 - 8. 54 7.21 240, 3.45 - 0. 304
50% 45 30 220. 7460, 120, 7.4 9.71 6.04 200. 3.37 0.20 0.258
62.5% - - 250, 8480. 140. - 11.2 5.40 180. 3.35 - 0.238
75% 33 21 270. 9090. 220. 7.2 12.6 4,88 170. 4,19 0. 224
87.5% - - 290. 10130, 360, - 14, 4 4. 45 150, 5,43 - 0.218
100% 45 28 290. 9130. 440, 12. 15,4 3.89 120 5.81 0.17 0. 204
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TABLE 18. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A J. 1. CASE 159G GASOLINE ENGINE

Concentrations,

Conditiocu . ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed  Load RCHO HCHO HC CO NO, RCHO SO, HC Co NOy RCHO SO,
Idle 0 112 61 54.4 1090. 1,26 2.09 1.0 - - - - -
1400 CT - - 547, 732, 0.42 - 1.2 - - - - -

0 111 72 130. 2780, 2.60 3,98 2.2 - - - - -
12.5% - - 120. 3260. 4. 66 - 2.7 30.1 800. 1.14 - 0.65
25% 154 90 28.8 3920, 9.24 8.24 3.4 14.9 480, 1.14 1.02 0.42
37.5% - - 140, 4410, 14.3 - 3.94 11.1  300. 1.18 - 0.323
50% 114 64 150. 4930, 19.7 9.05 4.95 9.26 300, 1.23 0.558 0. 306
62.5% - - 150, 5220, 41.4 - 5.23 6.14 260, 2.02 - 0. 256
75% 114 66 160. 5630. 48.4 10.4 5. 81 6.63 230, 1.97 0.423 0. 236
87.5% - - 170. 5970, 95.7 - 6.55 6.35 220. 3.48 - 0. 231
100% 139 80 180. 6530. 79.5 17,1 6.98 5.73 200, 2.47 0.532 0.218
1600 0 - - 136. 2700. 2. 1% - 2.2 - - - - -
25% - - 154, 4600, 9.61 - 3.8 18.3  548. 1.14 - 0. 46
50% - - 174. 5960, 20.6 - 5.34 10.1 347. 1.19 - 0.311
75% - - 195, 6740, 48.0 - 6.51 7.22 250. 1,78 - 0. 241
100%, - - 196. 6700, 170. - 8.74 5.83 200. 5.07 - 0. 260
1900 0 - - 132, 3390. 3.68 - 2.7 - - - - -
25% - - 145, 5570. 11.8 - 4.68 13,9 535, 1,13 - 0, 450
50% - - 170. 6500, 48.6 - 6.20 7.75 295. 2.21 - 0. 282
75% - - 253, 7300. 75.0 - 7.49 8.01 231. 2.38 - 0.237
100% - - 200. 6770. 198. - 9.09 5.06 171, 5.01 - 0.230
2100 CT - - 908. 477, 0,32 - 1.2 - - - - -
0 104 64 210, 3920, 8,49 6.3 3.7 - - - - -
12.5% - - 110, 4790, 9.59 - 4,14 20.5 930. 1.88 - 0. 80
25% 106 79 120, 5140. 16.0 7.84 4,64 11,7 490, 1.63 0.739 0.438
37.5% - - 140, 5430, 37.6 - 5.27 8.90 350. 2,40 - 0. 340
50% 114 58 160. 6080. 53.4 11.4 6.09 7.23 280. 2.46 0.545 0.293
62.5% - - 200. 6870, 54.5 - 6.83 8.01 270. 2,12 - 0. 265
75% 107 66 130. 7480. 65.1 13,3 7.57 5.52 240, 2.11 0. 431 0. 245
87.5% - - 180. 8040, 100, - 8.54 5.06 220. 2.76 - 0,235
100% 124 71 190. 8100. 145, 19.0 9.21 4,65 200. 3.51 0. 461 0.223
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TABLE 19. MASS EMISSIONS AND BRAKE SPECIFIC EMISSIONS OF MAJOR GASEOUS POLLUTANTS
AND ALDEHYDE CONCENTRATIONS FOR A WISCONSIN VH4D GASOLINE ENGINE

Concentrations,

Condition ppm Mass Emissions, g/hr Specific Emissions, g/bhp hr
Speed Load RCHO HCHO HC cCO NO,, RCHO S50, HC cO NO, RCHO SOy
Idle 0 32 18 64.2 1069, 1.04 0.5 1.0 - - - - -
1700 0 28 13 110 2044, 2,03 0.8 1.8 - - - - -

12.5% - - 82.6 2277, 3.67 - 2.1 31.7 805, 1.29 - 0.75
25% 23 9 84.4 2166, 11.9 1.0 2.7 14,9  380. 2,09 5.5 0. 48
37.5% - - 110. 2823, 22,1 - 3.1 12.5 332, 2,60 - 0.37
50% 25 12 110, 3362. 29.5 1.5 3.6 10.1 297, 2.60 7.6 0.32
62.5% - - 120, 3685, 43,5 - 4.1 8.79 260. 3.07 - 0.29
75% 30 16 120, 3735, 67.0 2.0 4.41 6.82 336. 3.94 .12 0.259
87.5% - - 110. 3999. 160, - 5.19 5.73 202, 8.15 - 0.262
100% 23 13 120. 4865. 110. 2.2 '5.81 5.37 215, 4.96 0.10 0. 256
2000 0 - - 89.8 2083. 3.19 - 2.0 - - - - -
25% - - 91.8 2573, 17.9 - 2.9 14,1 396. 2.76 - 0.44
50% - - 120. 3829. 47.9 - 4.29 9.24 295. 3.68 - 0.330
75% - - 110, 4522, 120. - 5.31 5.72 232. 6.30 - 0,272
100% - - 120, 4784. 180. - 6.44 4,42 184. 6.94 - 0,248
2400 0 - - 78. 4 1969. 4.43 - 2.2 - .- - - -
25% - - 110. 3495, 19. 4 - 3.5 14,3 472, 2.62 - 0. 47
50% - - 130. 4285, 67.9 - 4.88 8.68 290. 4.60 - 0. 329
75% - - 120, 5088. 170, - 6.20 5.60 230. 7.74 - 0.279
100% - - 140, 5241, 230, - 7.29 4,70 177, 7.83 - 0. 246
2800 0 23 12 120, 2636, 6.83 1.1 2.8 - - - - -
12.5% - - 120. 3278. 11. 4 - 3.4 30.4 821, 2.85 - 0.85
25% 27 14 150. 4050, 22.0 2.5 4.14 18.3 507, 2.75 0.31 0.52
37.5% - - 150, 4554, 35.2 - 4,72 14.5 440, 3.39 - 0. 450
50% 23 12 150, 5041. 71.1 2,1 5.46 9.74 320. 4.51 0.50 0. 346
62.5% - - 150, 5544, 130. - 6. 40 7.42 281. 6.55 - 0. 323
75% 21 12 150, 5625. 180. 2.5 6.87 6.21 237, 7.64 0.10 0.290
87.5% - - 150, 5050. 300, - 7.26 5,48 182. 10.9 - 0. 262
100% 26 14 190, 5497. 270, 3.7 8.00 6.04 174, 8.64 0,37 0.253



TABLE 20. CYCLE COMPOSITE BRAKE SPECIFIC GASEQOUS EMISSIONS
FROM EIGHT FARM, CONSTRUCTION, AND INDUSTRIAL DIESEL
ENGINES (ON-HIGHWAY WEIGHTING FACTORS)

Composite Brake Specific Emissions, g/bhp hr

Engine Run HC CO NOx HC+NO, *RCHO %S0,
Allis-Chalmers 1 0.577 4,91 11.9 12.5 SR,
3500 2 0.629 4,77 11.9 12.5 cmme ammme

3 0.590 4.46 10.6 11.2 ceme mman-

4 0.668 4,82 12.1 12.8 cemm mmam-

5 0.631 4.38 11.5 12,2 mamm meee-

_ 6 0.595 4.94 11.2 11.8 deee mmae-
Avg. 0.615 4.71 1I1.5 12.2 0.20 0.920

Caterpillar 1 0. 046 1.00 5.12 5.16 B
D6C 5 0.175 1.22 5.18 5.35 meem emea-
6 0.154 1.17 5.28 5.43 B

Avg. 0.125 1.13 "5.19 5. 31 0.12 0.891

Detroit Diesel 3 0.776 2.57 20.4 21.2 cmme maeaa
6V-71 4 0.745 3.09 19.6 20.4 .
5 0.586 3,22 20.5 21.1 S
Avg. 0.702 2.96 20.2 20.9 0.15 0.958
International 4 2.74 7.80 8,12 10.9 ceme emeen
Harvester 5 2.93 7.52 8. 30 11.2 .
D407 6 2,63 6.92 8.19 10.8 S,
7 2,51 7.20 8.13 10. 6 S,
Avg. 2.170 7.36 8.18 10.9 0.19 0.914
John Deere 1 3.94 4.63  5.45 9.39 -
6404 2 3.65 3.82  5.97 9.62 S
3 3, 64 4.75  5.60 9. 24 cme -
5 3,72 4.99  6.07 9.79 et e
Avg 3.74 4.54 °5.77 9.51 1.1 0.960
Mercedes-Benz 1 1.02 5. 36 3.64 4,66 emee eeeea
OM636 2 1.22 5.30  3.29 4.51 e -
3 1.52 5.94  3.52 5.04 e e
4 1.34 5.80  3.43 4.78 e eee-
5 1.24 4.28  2.96 4,20 e e
6 1.12 4.18 3,19 4,32 feee e
7 1.03 4.58 3,23 4.27 e -

Avg 1.21 5.06  3.33 4. 54 0.30 1.33
Onan DIBA 2 1.72 6.51  6.72 8. 44 ceme meme-
3 2.12 6.01 6.6l 8.73 e -
4 1,84 6.21  6.60 8. 44 e -

Avg. 1.89 6.24 664 8. 54 0.21 T.40
Perkins 4,236 1 0.576 4. 98 10,7 11.3 ceme meme-
2 0.585 5,12 10.4 11.0 —ee e
3 0.645 4.94 10.6 11,3 S,
4 0.651 4.71 11.1 11.7 deme -
5 0.739 5.29 10.5 11.2 e e
6 0.757 4.71 11.1 11.9 J
Avg. 0.659 4,96 10.7 1.4 0.27 0.848

*Computed from average emissions and power, not from individual run valves
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TABLE 21. CYCLE COMPOSITE BRAKE SPECIFIC GASEOUS EMISSIONS
FROM FOUR FARM, CONSTRUCTION, AND INDUSTRIAL GASOLINE
ENGINES (ON-HIGHWAY WEIGHTING FACTORS)

Composite Brake Specific Emissions, g/bhp hr

Engine Run HC co NO, HC+NOyx *RCHO *3504
Ford G5000 1 8.92 171 6. 36 15.3 S
2 8.80 159  6.94 15.7 S

3 8.91 155  6.78 15.7 S

4 8.89 157 6.73 15.6 ceee s

5 8.78 153  6.68 15.5 dmeeeees

Avg. 8.86 159  6.70 15.6 0.34 0.259

Hercules 2 8.16 210  4.05 12.2 e e
G-2300 3 8.82 201 4.07 12.9 ceme eeee-
4 9.08 222  4.32 13. 4 ceem s

5 9.86 209 3.89 13.8 S

Avg. 8.98 210 4.08 13.1 0.17 0,218

TJ.1. Case 3 11.5 305 2.35 13.8 fmee emmes
159G 4 12.8 302 2.55 15, 4 e mmea
5 14.6 333 1.73 16.3 mmmmeeees

6 14.5 326 2.15 16. 6 e mmeen

Avg. 13.4 316  2.20 15.5  #%0.67 0.316

Wisconsin 1 15,6 300 5.10 20.7 memm emm-a
VH4D 2 8.11 321 5.50 13. 6 S
3 9.58 301 5.28 14,9 e e

4 9.66 315 5,21 14.9 e e

Avg** 10.7 309 5.27 16.0 0.15 0.355

*computed from average emissions and power, not from individual run values
T high intake and exhaust restrictions used on this engine during tests
**does not include CT modes at intermediate and rated speeds

These estimates will be made separately for the farm, construction, and
industrial applications, taking into account the different duty cycles
encountered in each application.

B. Results of Particulate Emissions Tests
Particulate emissions from the F, C, & I engines were measured by

the experimental dilution-type sampling device already described in section
III. Since sampling was as near isokinetic as possible, and since no cor-
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rections for retention of particles in the sampling system upstream of the
filter were made, it is felt that the normal experimental error was in the
direction of low concentrations. Thus, it seems logical that the particulate
results should tend to be conservative rather than high, which is preferable

to error in the other direction when making impact assessments based on
small samples.

The particulate results represent 308 tests (208 on the diesels and
100 on the gasoline engines), and all the individual run data will be presented
to document the repeatability of the procedure. This full presentation of
data should permit independent assessment of the data on each engine, and
it will be obvious that repeatability differed considerably from engine to
engine. The amounts of variation due to engine and to procedure have
not been determined. Sampling was limited to seven conditions on each
engine (0, half, and full loads at intermediate and rated speeds, plus low
idle) to prevent using an inordinate amount of analysis time.

The individual mode and average mode particulate concentration
data on each engine are given in Table 22, and if the specific crankshaft
speeds used are of interest, they can be obtained from Table 3. Particu-
late levels for the diesels correlated to some extent with visible smoke,
especially at high smoke levels, but sometimes a considerable amount of
particulate was measured under conditions where smoke was barely
readable. Invariably, however, high visible smoke was measured as a
high particulate level.

Making the assumption that exhaust molecular weight was equal to
that of air, mass and brake specific particulate rates were calculated for
each of the engines, and these data appear in Table 23. For these compu-
tations, average idle modes were weighted 0. 2, and the other six modes
were weighted 0.8/6 = 0.133., These weighting factors yield a load factor
for the composite cycle of 0.4, just like those used.for gaseous emissions
data. The weighting factors can be revised to reflect other operating cycles,
if necessary.

C. Results of Diesel Smoke Tests

, Smoke tests consisting of accelerations and lug-downs as required
by 4Federal Regulations(l) were performed on seven of the eight diesel en-
gines tested. The exception was the Onan DJBA engine, which was operated
on a small dynamometer having no extended inertia capability. The Federal
smoke evaluation data are given in full in Appendix B, and the results are
summarized in Table 24. Several of the engines which should have been
operated with 3 inch exhaust pipe for the smoke tests had already been fitted
with 4 inch pipe for gaseous emissions tests, so it was left in place for the
smoke tests and the results were '"corrected'' by Bouguer's Law(13’ 14)

The ''c factor' is the average of the nine highest 1/2-second opacity readings
during both the accelerations and the lug-downs, and its computatidn will
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TABLE 22. PARTICULATE CONCENTRATION DATA ON F, C, & I ENGINES

Condition Particulate Results, mg/SCF , Particulate Results, mg /SCF
Speed Load Runl Run2 Run3 Run4 Avg. Runl Run2 Run 3 Run4 Avg.
Allis-Chalmers 3500 Caterpillar D6C
Idle 0 6.07 4.65 4.70 5.28 5.18 2.31 2.38 2.43 -- 2.37
Inter. 0 3.82 3.24 3.75 3,60 3.60 0.90 1.22 0.60 -- 0.94
Inter. half 3.65 4.94 3.54 3.81 3.98 1,11 1,09 1.41  -- 1.20
Inter. full 16.5 18.9 16.2 17.8 17.4 1.59 1.62 -- - 1.60
Rated 0 2.54 3.16 2.45 2. 35 2.62 1.44 u. 44 0.62 - 0.83
Rated half 3,46 3.26 3.44 3.39 3.39 1.96 2.73 2.09 1.36 2.04
Rated full 3.50 3,84 3.43 3.69 3.62 2.35 2.45 -- -- 2.40
Detroit Diesel 6V-71 International D407
Idle Y 0.57 0.79 0.54 1.59 0. 87 2.50 4,81 3.90  6.94 4,54
‘Inter. 0 0.17 0.43 0.38 0. 30 0.32 4.01 2.39 5.04 5,87 4,33
Inter. half 0.53 0.38 0.78 0.56 0.56 6.53 10.2 7.28 8,52 8.13
Inter. full 0.68 0.53 0.59 0.63 0.61 19.5 21.8 19.3 18. 4 19.8
Rated 0 0.22 0.24 0.10 0,32 0.22 5.65 7.13 5.62 6,05 6. 11
Rated half 0.84 0.64 0,61 0.43 0.63 6,40 7.28 5.47 9.42 7.14
Rated full 0.56 0.82 0.77 -- 0.72 10.5 11.8 11.6 14.3 12,0
John Deere 6404 Mercedes-Benz OM636
Idle 0 4,00 4.44 4.40 4.07 4, 50 2.48 4.52 Z.37 - 3,12
Inter. 0 6.90 8.40 6.39 7.27 7.24 3.54 3.31 3.32 - 3.39
Inter. half 6.04 7.42 7.09 8.23 7.2C 5.26 5.80 5.60 - 5.55
Inter. full 21,5 22.0 22.3 23.6 22.4 10.4 8.27 9.74 9.19 9.40
Rated 0 4,89 2.48 3.54 3,76 3.67 8.93 9.42 8.47 -- 8.94
Rated half 2.90 3.60 4.81 4,02 3.84 9.93 6.70 7.14 -- 7.92
Rated full 4,22 6.55 7.67 6.30 6.18 10.8 6.43 6.25 11.5 8.74
*Onan DJBA Perkins 4. 236
Idle 0 5.84 6. 34 7.41 6.18 6.44 0,83 1.31 0.93 1.41 1,12
Inter. 0 4,56 4.62 4.60 4,18 4, 49 0. 34 0. 86 1.81 1.12 1.26
Inter. half 3.31 4.43 3.19 3,63 3.64 0.82 1.23 1.61 0.99 1.16
Inter. full 5.17 4.69 5.33 5.69 5,22 11.7 11.8 11.6 11.3 11.6
Rated 0 5.46 5,46 5.48 5. 56 5.49 11.6 9.43 10.0 8. 04 9.77
Rated half 7.75 8. 41 9.60 - 8. 59 9.03 11.5 7.33 -- 9.29
Rated full 7.96 8.71 7.55 -- 8. 07 12,4 9.54 11.0 7.24 10.0
Ford G5000 Hercules G-2300
ldle 0 2.81 1,26 -- -- 2.04 1.09 3.94 3,06 -- 2.70
Inter. 0 2.97 2.61 2.73 -- 2. 77 4,30 2.29 1.82 3.68 3.02
Inter. half 3.55 3.48 -- -- 3.52 1.33 0.90 0.63 1.56 1.10
Inter. full 2.56 2.60 2.17 2.65 2.50 1.87 1.88 2,00 2.38 2,03
Rated 0 2.52 2.55 -- - 2. 54 2.13 1.03 2.30 -- 1,82
Rated half 1.19 1,43 1.49 .1,87 1.50 1.58 1.35 2.34 -- 1.76
Rated full 6,27 3.74 4,25 3.72 4,49 1.84 2,66 2.02 2.67 2.30
J. 1. Casge 159G Wisconsin VH4D
Idle 0 1.07 1. 47 1.94 1.99 1.62 3.17 4,58 3.27 3.70 3.68
Inter. 0 0. 85 0,87 1.11 1.19 1.01 2.79 4. 47 3.98 5.06 5.43
Inter. half 0.50 0,50 1.06 0.82 0,72 3,78 5.19 3.97 4.36 4, 32
Inter. full 5.57 4. 30 4,07 4.51 4.61 5.74 4.00 4,36 2.47 4,14
Rated O 1.14 0.91 0.70 0,81 0. 89 2.87 3.40 2,98 -- 3.08
Rated half 1.00 0.87 0.66 0. 84 0. 84 2.76 2.58 3.35 3,34 3.01
Rated full 5.93 3.09 2.95 .- 3.99 2.57 3.42 2.47 3,15 2.90

*idle values shown are at low {1000 rpm) idle -- at 1500 rpm (ungoverned idle), values
were 3.92, 4,04, 4,46, and 4. 20 {(average 4. 16)
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TABLE 23. MASS AND BRAKE SPECIFIC PARTICULATE
EMISSIONS FROM F, C, & I ENGINES

Brake Specific,

Engine Mass Rate, g/hr g/hp hr

Diesels Allis-Chalmers 3500 66.1 1.23
Caterpillar D6C 23.2 0.42

Detroit Diesel 6V-71 16,1 0.21
International D407 90. 6 2.20

John Deere 6404 91.4 1. 89

Mercedes Benz OMb636 20.0 2.22

Onan DJBA 10.0 2,12

Perkins 4. 236 39.5 1.54

Gasoline Ford G5000 9.72 0. 44
Hercules G-2300 6.86 0.29

J. I. Case 159G 5.52 0. 41

Wisconsin VH4D 6.56 0.61

TABLE 24, SUMMARY OF FEDERAL SMOKE TEST RESULTS

Exhaust Pipe

Smoke Intensity, % Opacity

Engine Diameter, in Factor(a) Factor (b) Factor(c)
Allis-Chalmers 3500 4% 37.2(29.5p% 29, 7(23.2) 45.9(36.9)
Caterpillar D6C 4% 4,7(3.5) 2.4(1.8) 8.6(6.5)
Detroit Diesel 6V-71 4 1.9 1.2 3.5
International D407 4% 17.5(13.4) 18.8(14.5) 28.4 (22.2)
John Deere 6404 4% 64.2(53.7) 25.0(19.4) 82,4 (72.8)
Mercedes-Benz OM636 2 9.5 10.5 14. 0
Perkins 4. 236 2 5.6 8.5 10.1

*standard diameter from Federal procedure is 3 inches
*%¥numbers in parentheses corrected to 3 inch diameter by Bouguer's Law
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be required for certification of on-road diesel engines beginning with the
1974 model year.

Smoke from the diesel engines was also measured during steady-
state conditions, which were the same speed/load conditions used for par-
ticulate sampling. Average values for steady-state smoke are given in
Table 25, showing an extremely wide range from engine to engine. The
condition which produced the greatest smoke intensity from most of the en-
gines was full load at intermediate speed, perhaps not surprisingly since

TABLE 25. AVERAGE STEADY-STATE SMOKE FROM DIESEL ENGINES

Smoke Intensity in % Opacity at Condition

Load at Load at
Exhaust Pipe Low Inter. Speed Rated Speed

Engine Diameter, in. Idle 0 half full 0 half full
Allis- Chalmers 3500 4 0.5 1.0 2.8 31.5 1.2 5.0 7.3
Caterpillar D6C 4 2.3 2,0 3.0 4.5 3.2 2.3 2.7
Detroit Diesel 6 V-71 4 0.5 0.8 1.0 1.0 1.0 1.0 1.5
International D407 4 1.2 1.0 4.5 20.0 1.0 4.0 9.2
John Deere 6404 4 2.0 1.9 7.3 25.5 2.2 5.5 6.0
Mercedes OM636 2 1.0 1.5 1.5 8.5 2.0 1.5 8.0
Onan DJBA 2 0.5 0.8 2.0 2.5 1.0 1.0 3.0
Perkins 4. 236 2 1.0 1.0 1.0 0.3 1.7 1.4 7.7

this point is at a boundary of the operating envelope. The smoke intensities
in Table 25 correlate only roughly with the average particulate rates shown
in Table 22, yielding an index of determination of 0. 66 for the relationship
y =-1.04+ 1.11x, where y is smoke (% opacity) and x is particulate (mg/
SCF). The program on which the curve fit was obtained did not include trial

of a basic equation of the form predicted by theory (x A ln m), So no
index of determination was obtained for that form.

D. Emissions Data from Other Sources

The number of engines tested under the subject program was limited
by cost and time considerations, and this restriction was reasonable in view
of the relatively low priority that F, C, & I engines Fave in the total air
pollution picture. The rather limited program scope did, however, make it
necessary to obtain as much information on engines not tested as possible,
and several sources were very helpful(15’ 16,17,18,19), Data on diesel
engines from all these sources is presented as Table 26, but model desig-
nations have been withheld in several instances to avoid releasing confidential
data. The weighted averages at the bottom of each category were calculated
by weighting the emission data points according to the number of engines
represented by each point (assumed to be 1 if number of engines was not
available).
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TABLE 26. EMISSIONS DATA ON DIESEL ENGINES DEVELOPED BY
OTHER SOURCES, BASED ON 13- OR 21-MOLE PROCEDURES

Brake Specific

Engine Number of Emissions, g/hp hr
Type Mir. & Model Engines Tests HC CO NO,
4SNAD1 Cat. /Ford 1145 5 10 3.09 5.91 11.68
Cat. /Ford 1145 1 N. A. 2.16 7.40 5.52
Cat. /Ford 1150 5 10 3.37 6.62 9.97
Cummins NH-220 6 N. A, 0.35 9.05 6.71
Cummins NH-220 1 1 0. 36 7. 44 8.53
Cummins V-378 1 1 1.14 6.25 10. 76
Cummins V-504 1 1 1.2 5.70 10.08
Cummins V-555 1 1 0.90 4,28 7.22
Cummins V-903 5 10 3.81 5.30 6.81
Cummins V-903 1 1 0.83 4.37 6.70
GM DH-478 4 8 2.8! 5.59 7.24
Int. DV550B 1 2 3.52 6,32 8.21
{Note 1) 6 N. A 2.33 6.03 11,38
Weighted Averages 2,34 6.41 8.86
4STCDI Cummins NTC-335 4 8 0. 46 2,78 10.21
Cummins NTC-335 1 1 0.13 2.30 10. 39
Mack ENDT 673B 2 4 2.27 3.25 14,30
Mack ENDT 675 2 4 1.61 4, 80 12,29
Mack ENDT 675 1 4 1.18 5.37 10. 66
Mack ENDT 864 1 1 2.00 4. 47 12.1
(Note 1) 2 N. A, 2.85 4.40 14.75
{Note 2) N. A, N. A, 1.7 3.4 17.3
Weighted Averages 1.45 3.68 12,43
4SNAPC (Note 2) N. A, N. A, 0.4 2.4 5.6
4STCPC Cat. 1674 1 6 0.21 1.54 4.82
(Note 2) 3 N. A, 0,34 2.41 5.91
(Note 1) 1 N. A, 0.3 2.3 6.1
Weighted Averages 0.31 2.21 5.73
25BSDI  Det. Die. 6V-53 5 10 1.64 8.76 18.12
Det. Die. 6V-71 10 20 1.17 9.39 13.91
Det. Die. 8V-71 5 10 0.82 7.09 16,54
Det. Die. 8V-71 1 N. A. 2.59 6.58 18.57
(Note 1) 1 N. A. 0.7 6.1 14,7
Weighted Averages 1,24 8. 45 15,71

..Note 1: from reference 16

Note 2: withheld to avoid disclosure of confidential information

Abbreviations: 4S and 2S mean 4-stroke and 2-stroke, respectively; NA means
naturally aspirated; TC means turbocharged; BS means
blower-scavenged; DI means direct injection; PC means
pre-combustion chamber injection
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The averages were generally quite close to those for similar engine
types tested under the contract, as shown in Table 27. Differences which
were most significant were NO_ on the 4STCDI category, and in this case
the engines tested under the program simply emitted relatively low NOy.
Both CO and NOy showed considerable differences for the 28BSDI category
{Detroit Diesel engines), in this case presumably due to the use of older
injection systemas in some of the engines from which the "other sources"
data were obtained. Since the correlation between data obtained under the
subject contract and those obtained from outside sources is reasonably
good, the former will be used in computing factors and impact
except where such use would compromise accuracy. The reason for
preference of data developed under this program is simply that it is fully
documented, whereas some of the other data must be accepted at face
value with little knowledge of how it was obtained.

TABLE 27. AVERAGE BRAKE SPECIFIC EMISSIONS FROM DIESELS
BY ENGINE TYPE, TEST ENGINES COMPARED
TO DATA FROM OTHER SOURCES

HC, g/hp hr CO, g/hp hr NO,, g/hp hr
Test Cutside Test Outside Test Outside
Engine Type Data Data Data Data Data Data
4SNADI 1.68 2.34 6,16 6.41 9. 44 8. 86
43TCDI 2,18 1.45 4.62 3.68 8. 64 12,43
4SNAPC 1,55 0.4 5.65 2.4 4.98 5.6
48TCPRC 0.12 0.31 1.13 2.21 5.19 5.73
25BSDI 0.70 1,24 2.96 8.45 20.2 15,71
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V. ESTIMATION OF EMISSION FACTORS AND NATIONAL IMPACT
FOR HEAVY-DUTY ENGINES USED IN FARM APPLICATIONS

This report section will treat farm engines as a category apart from
the construction category and the industrial category. The idea behind this
approach is that emission results for 41l three categories should be drawn
from as many sources as possible, but that emission factors and impact
estimates should be treated separately due to differences in duty cycles and
makeup of the categories with regard to engine type and size. Sections VI
and VII will treat construction and industrial engines, respectively.

A. Analysis of Population and Usage for Heavy-Duty Farm Engines

In contrast to several of the other engine categories being studied under
the subject contract, a good deal of information is available on farm equipment
production and population(zor 21), Some of these statistics are presented in
Table 28, and they form the basis for the farm tractor population analysis
which is a necessary input to emission factor computation. The major items
of information which do not appear to be available in published statistics are
the sizes and types (gasoline and diesel) of machines which constitute the
present population, so estimates will have to be made based on the data in
Table 28 and some reasonable assumptions. Wheel tractors will be handled
first, and other farm machinery afterward.

The most complex problem requiring solution in order to get a true
picture of the present population is selection of a mathematical population
model which is consistent with known facts. That is, it is necessary to know
how many units produced in each of the prior years is still in service in 1972,
because this knowledge will lead to accurate breakdowns by engine size and
by type of fuel used. The function used to attempt a definition of the farm
tractor population was

n
F; = Si/Nj e kAj

where §j = number of units surviving in 1972 out of the Ni units produced in
year i (age = A;), k - 1/AE , and n - an exponent greater than zero. The
constant A, is called the ''characteristic age', and both it and the exponent
"'n" must be determined by trial and error. If a value for n is assumed first,
successive approximation will yield a value for k = 1/AZ to complete the
relationship

i=52 i=52

n
Z 5 - Z Nije kAT . 4.469x106 (1972 population)
i=0 1-0

This equation is the ''first check'’, assuring that the selected function will in
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TABLE 28. DATA ON THE U.S. FARM WHEEL TRACTOR POPULATION

Sales = Total Avg., Wheel % Wheel Tractors
Age Ni, Units Units in Tractor PTO  Avg. Belt Sold

Year <A x10-3 Use x10-3 hp Sold hp in Use Gasoline Diesel
1972 0 157 4469 - - - -
1971 1 132 4562 76.6 45,2 24.3 75.7
1970 2 136 4619 72.4 45,0 28.5 71.5
1969 3 144 4712 72.8 42,2 30.2 69.0
1968 4 158 4766 69.5 40.8 29.1 69.3
1967 5 177 4786 68.2 39.3 33.3 65.5
1966 6 185 4783 65.9 38.2 39.8 58.1
1965 7 162 4787 63.1 36.7 40.6 56.6
1964 8 157 4786 59.3 35.8 42,2 54,1
1963 9 155 4778 57.5 34,8 47.2 48.5
1962 10 153 4763 55,3 33.9 52.9 42.7
1961 11 138 4743 51.6 33.0 49.1 46.8
1960 12 124 4688 47,7 32.6 55. 4 40.8
1959 13 215 4673 45,6 31,3 64.6 30.6
1958 14 194 4620 45,9 30.5 71.7 23.2
1957 15 186 4570 44,9 29.7 78.2 16.3
1956 16 167 4480 41.0 29.3 82.5 12.5
1955 17 268 4345 39.8 29.0 83.9 12.6
1954 18 203 4243 38.8 28.3 86.7 11.4
1953 19 315 4100 34.8 28.0 93.1 5.6
1952 20 334 3907 30.9 27.7 94.3 5.7
1951 21 442 3678 29.4 27.6 - -
1950 22 402 3399 29.0 27.4 - -
1949 23 430 3123 28.4 - - -
1948 24 422 2821 27.0 - - -
1947 25 334 2613 26.1 - - -
1946 26 197 2480 26.2 - - -
1945 27 171 2354 26.6 - - -
1944 28 220 2215 27.4 - - -
1943 29 101 2100 27.6 - - -
1942 30 152 1885 - - - -
1941 31 256 1675 - - - -
1940 32 206 1545 - - - -
1939 33 166 1445 - - - -
1938 34 166 1370 - - - -
1937 35 166 1230 - - - -
1936 36 166 1125 - - - -
1935 37 145{a) 1048 - - - -
1934 38 22(a) 1016 - - - -
1933 39 o(a) 1019 - . R -
1932 40 ofa) 1022 - - - -
1931 41 47(a) 997 . . - -
1930 42 145(a}) 920 - - _ _
1929 43 140 827 - - . _
1928 44 140 782 - _ - _
1927 45 140 693 . _ . .
1926 46 140 621 - - - -
1925 47 140 549 - - - -
1924 48 100 (2) 496 - - - -
1923 49 128(a) 428 - - - -
1922 50 105(a) 372 - - - -
1921 sl 55 (a) 343 - - - -
1920 52 182 (a) 246 - - -

(a)estimated from change in population for following year
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fact compute the correct present population when applied to known sales
data. The next step is to apply the same model to previous years and
determine whether or not it still calculates the correct number. Some of

the models tried are plotted in Figure 21, to show the effect of variation
in the exponent n.

Intuitively, the curves for n=2 and n=3 seem to approximate the fraction
of wheel tractors surviving in the expected way, but mathematical checks
are a more accurate way of determining the correctness of the models.

The two checks employed were (1) calculation of populations for prior

years based on the survival models with comparison to known values, and

{2) calculation of average horsepower of tractors in the field with checks
against a known value. The results of these checks are shown in Table 29,

and it is apparent that none of the models is without flaws. The model with
n=1 calculates both population and horsepower values which are too low,

and the model with n = 3 calculates very high populations and a slightly low
horsepower value. The model with n = 2 calculates moderately high populations

TABLE 29. COMPARISON OF DATA CALCULATED BY SURVIVAL MODELS
TO KNOWN FACTS ABOUT THE FARM WHEEL TRACTOR POPULATION

Percentage Prediction Error for Model

Statistic Known Value n=1,Ac=27.55 n=2,Ac=25.40 n=3,Ac=24.54
1972 Tractor Population 4, 469x106 +0.1 +0.2 0.0
1965 Tractor Population 4. 787x10° 5,7 +1.4 +4.8
1960 Tractor Population  4.688x10° 2.4 +8.3 +11.6
1971 Average Horsepower 45, 2 -12.3 -5.5 -3.3

and a moderately low horsepower value. Conceding that it is a compromise

‘the model with n= 2 will be used to determine the age distribution of tractors
in use. Calculations with this model lead to an average age for tractors in
use of about 15 years, and an average service life of about 22 years, both of

which seem quite reasonable in light of available information. The average
age is

3
'

i=52

Z SiA

= _ i = 0 ‘
A %:.52——_ * and the average service life is calculated by
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The values apply only to the population at the end of 1972, structured as
assumed by n=2, AC=25.40.

In order to arrive at accurate emission factors for tractors, it is also
necessary to determine the fraction of the present population powered by
diesel engines (as opposed to gasoline engines). This task would not be
so difficult if average power and fraction of tractors sold with diesel engines
had been relatively constant in the past, but over the past 20 years the
average horsepower of tractors sold has more than doubled, and the market
share of diesels has risen from essentially zero to more than 75%. As
a minimum, it is necessary to deter mine the fraction of each power category
equipped with diesel engines for each year over which data are available.

Performing such a calculation requires a set of assumptions based on
the best available information, and if the assumptions are reasonable, then
the calculated overall percentage of each year's production powered by diesels
should be the same as the known value. The basic data on production by power
category are given in Table 30(20), and a set of assumptions which permit
computation of the fraction of diesel-powered tractors in each model year/
power classification is summarized below. These assumptions are based on

1. 100% of tractors produced having 80 PTO hp or more were
diesels

2. in the size range 35 to 79 hp, and for the years 1962-1971,

% diesels - [45 + 0.47 (median hp in category)]— (model };%ar 1952

3. in the size range 35 hp and up, and for the years 1952-1961

% diesels = 100 (modezloyear 1952)

4. 10% of tractors produced having less than 35 PTO hp were
diesels

the ideas that very large tractors are predominantly diesel, that very small
tractors are predominantly gasoline, and that the percentage of diesels in the
mid-size ranges varies directly with power output and the number of years
since the diesel market percentage was essentially zero. The overall

51



2s

TABLE 30. CLASSIFICATION OF FARM TRACTOR PRODUCTION BY
PTO HORSEPOWER, 1952 THROUGH 1971

Percent of Market by PTO Horsepower Class(20)

100- 110- 120~ 130- 140

Year to 34 35-39 40-49*% 50-59% 60-69 70-79% 80-89 90-99% 109% 119 129 139 up

1971 6.5 14.9 4.5 12,1 11.2 5.1 3.2 17.4 6.0 8.9 1.9 6.2 1.9
1970 5.8 7.7 4.0 13.0 13.9 5.7 3.9 17.2 8.5 3.5 2.9 3.0 1.0
1969 5.6 16.0 4.7 13.3 14. 4 7.3 3.3 18.1 17.3 - - - -
1968 6.2 16.0 6.2 14.0 12. 4 9.2 3.1 23.7 9.2 - - - -
1967 6.3 15.9 8.2 14,0 11.0 10.2 3.7 23.1 7.6 - - - -
1966 5.1 15.9 10.1 14,1 16.6 6.2 4.3 22.2 5.5 - - - -
1965 7.2 15,4 12.9 9.5 17.1 9.6 3.6 22.5 2.3 - - - -
1964 12.2 13.5 17.3 12.8 14,0 8.7 4.4 15.0 2.1 - - - -
1963 13.2 11.8 22.5 11.9 15.3 15.7 9.6 - - - - -
1962 12.0 17.7 15,1 17.2 18.0 - - - - -
1961 12,2 36.8 60.0 - - - - - - -
1960 16.9 36.9 46. 2 - - - - - - -
1959 22.8 34.5 42.6 - - - - - - -
1958 21,1 40.9 38.0 - - - - - - -
1957 28.9 42,2 28. 8 - - - - - - -
1956 34.5 45,2 20.2 - - - - - - -
1955 35.8 45.3 18.9 - - - - - - -
1954 48.4 37.5 14.1 - - - - - - -
1953 62.2 15,1 22,6 - - - - - - -
1952 77.4 22.6 - - - - - - - -

%*Values in these columns which terminate lines are understood to include all higher

horsepower values not classified for those years.



Market Percentage of Diesel Farm Tractors

100

60~

40

20

S Known Value

0 | L | !

1950 1955 1960 1965 1970
Tractor Model Year

FIGURE 22. COMPARISON OF KNOWN AND CALCULATED
VALUES FOR MARKET PERCENTAGE OF DIESEL FARM
TRACTORS, 1950 THROUGH 1971

53



percentages of production using diesel engines calculated on the basis of the
assumptions (1971-1963) are not exactly the same as the known figures, but

are reasonably close, as shown in Figure 22, Now if it is further assumed

that the mean PTO horsepower for gasoline and diesel engines is the same
within each power category, it becomes possible to estimate the overall percent-
age of farm tractor horsepower which is diesel and that which is gasoline.

The mean PTO horsepower for tractors sold in each power category
back to 1964(20) is given in Table 31, along with the values which will be used
for calculations in earlier years leading to an estimate of the present popula-
tion. For earlier years, it is also necessary to assume values for categories
such as '"90 hp and up',"70 hp and up', and so forth. In each case, the value
assumed for these latter categories is 10 horsepower above the lower boundary
of the category. Although it is probably a weak assumption, it will also be
assumed that the average service life of diesel and gasoline tractors in all
power categories is the same.

TABLE 31. MEAN FARM TRACTOR PTO HORSEPOWER BY
POWER CATEGORY FOR 1964-1971(20)

Assumed for
Mean PTO Horsepower by Year Earlier Years'
Hp Class 1964 1965 1966 1967 1968 1969 1970 1971 Calculations

up to 35 30.0 30.0 32.0 32,0 30.5 30.8 30.8 31.0 30
35-39 37.0 37.0 38.0 38.5 37.5 38,0 37.5 38.0 37
40-49 45.1 45.0 46.0 46.0 46.5 46.5 45.0 43.3 45
50-59 57.7 55,0 54.0 56.0 55,0 53.5 55,0 53.0 55
60-69 65.1 65.0 65.0 65.5 66.0 66.8 650 65.0 65
70-79 76.4 73.2 74.0 75.0 76.0 76.0 75.0 73.5 75
80-89 85.0 87.0 87.0 87.0 87.0 86.1 85.0 85.0 85
90-99 91.9 92.0 92.0 92.5 94,6 94.9 95,0 94.0 95
100 & up 105.1 105.0 118.0 119.0 111.7 118.1 117.7 121.3

Based on all the foregoing discussion and qualifications, Table 32
presents an estimate of the structure of the farm tractor population as of
December 31, 1972, Summing the columns on the right yields approximately
206 x 106 tractor PTO hp in use, with 111x106 hp in gasoline engines and
95.4x100 hp in diesels. A comparable estimate of total hp in use based on U. 8.
Statistical Abstracts is also 206x106 hp(ZI). Using data from Table 32, the
average PTO horsepower of gasoline farm tractors is calculated to be 35. 6 hp,
and that for diesels is calculated to be 69.7 hp. These summaries pertain only
to tractor hp in the field, and probably do not represent the correct ratio of
horsepower-hours used because usage undoubtedly Varies with both machine
size and age.
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TABLE 32,

Year

1972%x*
1971
1970

1969
1968
1967
1966
1965
1964
1963
1962
1961
1960

1959
1958
1957
1956
1955
1954
1953
1952
1951
1950

1949
1948
1947
1946
1945
1944
1943
1942
1941
1940

1939
1938
1937
1936
1935
1934
1933
1932
1931
1930

1929
1928
1927
1926
1925
1924
1923
1922
1921
1920

ESTIMATED STRUCTURE OF THE FARM TRACTOR

POPULATION AS OF 12/31/72

Units Surviving x 10-2

Total Gasoline Diesel*
157 31 126
132 32 100
135 38 97
142 43 99
154 45 109
170 57 113
175 70 105
150 61 89
142 60 82
137 65 T2
131 69 62
114 56 58
99 55 44
165 107 58
143 103 40
131 102 29
112 92 20
171 143 28
123 107 16
188 168 12
180 170 10
223 223 -
190 190 -
189 189 -
173 173 -
127 127 -
69 69 -
55 55 -
65 65 -
27 27 -
38 38 -
58 58 -
42 42 -
31 31 -
28 28 -
25 25 -
22 22 -
17 17 -
2 2 -
0 0 -
0 0 -
3 3 -
9 9 -
8 8 -
7 7 -
6 6 -
5 5 -
5 5 -
3 3 -
3 3 -
0 0 -
1 1 -
3 3 -

Hp of Units Surviving x 10-6
Total Gasoline Diesel
12,2 1.22 11.0
10.1 1,31 8. 80
9.77 2,03 7.74
10.3 1. 86 8.41
10.7 2.25 8.45
11,6 2.81 8.79
11,5 3.08 8.42
9.47 2.93 6.54
8.42 3.20 5.22
7.88 3.43 4,45
7.24 3,83 3.41
5. 88 2.89 2.99
4,72 2,61 2.11
7.52 4, 86 2.66
6. 56 4,70 1. 86
5,88 4,60 1.28
4,59 3,79 0. 80
6. 81 5,71 1.10
4,77 4,14 0.63
6.26 5,83 0.43
5.56 5,24 0.32
6.56 6,56 -
5.51 5.51 -
5,37 5,37 -
4,67 4,67 -
3.31 3.31 -
1.81 1.81 -
1,46 1.46 -
1,78 1,78 -
0.75 0,75 -
0.95 0.95 -
1,45 1.45 -
1.05 1,05 -
0.62 0.62 -
0.56 0.56 -
0.50 0.50 -
0.44 0,44 -
0.34 0.34 -
0.04 0.04 -
0.00 0.00 -
0.00 0.00 -
0.06 0.06 -
0.18 0.18 -
0.16 0.16 -
0,14 0.14 -
0.12 0.12 -
0.10 0.10 -
0.10 0.10 -
0.06 0.06 -
0.06 0.06 -
0.00 0.00 -
0.02 0.02 -
0,06 0.06 -

* includes LPG-powered units, estimated to total about 4% of the population
**egtimated
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Compared to that for farm tractors, only a small amount of information
i4 available on other heavy-duty engines used on farms. The major uses of
these engines other than tractors include self-propelled combines and forage
harvesters, and engines used on irrigation pumps and as auxillary engines on
pull-type combines and balers. A tabulation of engine applications and some
characteristics of the machines which will be assumed typical for the purposes
of this report is given in Table 33. It is conceded that these assumptions have
little basis except availability of the machines in the current market(zo), but
such estimates are necessary in lieu of comprehensive data. Summing the
estimated horsepower of tractors and other powered farm machines yields
approximately 319x106 hp, which compar es quite well with the 301x106 hp figure
from Statistical Abstracts(24),

Having arrived at a structure for the population of heavy-duty engines
used in farm applications, the next step is to determine representative annual
usage rates for the various categories of machines. Once again, the best data
available are on tractors, with one broadband estimate of 550 hours per year
for ""grain belt" usage(23). Another estimate is "almost a linear relationship
to tractor horsepower ranging from 450 hr for a 50 hp tractor to 800 hr for a
140 hp tractor'{23), or in other words, usage in hours : 450 + 3.89 (hp-50).
The latter estimate weights usage somewhat more heavily toward newer
tractors, since the newer units have higher average power ratings, but it is

TABLE 33, APPLICATIONS OF HEAVY-DUTY ENGINES
ON FARMS (OTHER THAN TRACTORS) AND ASSUMED
CHARACTERISTICS OF THE APPLICATIONS

Application
Combine, Corn Pickers Forage
Self- Combine, & Picker- Pick-up Harves- Other
Propelled Pull Type Shellers Balers ters (Misc)
Units in service
x 10-3(20) 434 289 687 655 295 1205
% using engines 100 25 - 50 10 100
Typical size 14 ft 8 ft 2-row 6 ton/hr 12 ft or -
3-row
Typical hp 110 25 - 40 140 30
% gasoline 50 100 - 100 0 50
% diesel 50 0 - 0 100 50

based on relatively new (in-warranty) units. To account for decreased usage
with age, the further assumption will be made that usage decreases linearly
with age to 50 hours per year for the few 1920 model units still in service.
The complete usage equation can then be written

(usage in hours); = 450 + 3, 89 (hpi-50) - 5.45 (A;)
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for any year, and the average usage (separately for gasoline and diesel
units) is calculated by

52
450 (53) + Z 3.89 (hp,-50) - 5.45 (A;)
=0

average usage in hr/yr =
Number of Units in Service

This computation yields mean usages of 490 hours/year for diesel tractors
and 291 hours/year for gasoline tractors. One independent appraisal of the
accuracgr of these estimates can be obtained using data from yet another
source(é3), These data indicate that the annual usage of tractors is

quite heavily weighted in the direction of newer models, as shown in the
second column of Table 34. Using average horsepower sold (Table 28)

TABLE 34, TWO INDEPENDENT ESTIMATES OF ANNUAL USAGE
OF TRACTORS AS A FUNCTION OF TRACTOR AGE

Percent Total Tractor Hours Used by Age Group

Tractor Age, Calculated from Tables 28 and 32
up to (years) First Estimate(25) (and Usage Equation Above)
2 8 12,4
5 25 27.0
9 50 45,2
16 75 66.9
27 95 95.4

and units surviving (Table 32) in conjunction with the power-age-usage rela-
tionehip presented above, the figures in the third column of Table 34 were
calculated for comparison. Part of the disagreement for the younger groups of
tractors may be due to inconsistency in the definition of tractor age (for
example, the ''first estimate' may assume that only tractors of age 1 are in-
cluded in the "up to 2'" category, whereas the calculated values assume that

all tractors up to and including age 2 are covered by the '"up to 2'' category).

In any case, the two age-usage relationships are quite similar overall, and

the usage estimate resulting in the calculated values described above (third
column of Table 34) will be assumed adequate for the purposes of this report.

Annual usage of other farm implements which employ heavy-duty engines
is not as readily available as that for tractors, so a different approach will be
used to estimate their annual operating time. Usage of specific-purpose imple-
ments is controlled primarily by total cro& acreage for which they are required,
and decumentation of acreage is available Table 35 shows acreage of major
crops(24) harvested by the machines listed in Table 33, as well as estimates of
total machine hours required for harvesting by powered and non-powered
machines(26), Summing the operating hours for the machine categories (with
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TABLE 35. MAJOR U.S. CROP ACREAGE (1970) AND ESTIMATED
MACHINE HOURS REQUIRED FOR‘HARVESTING(24, 26)

U.S. Acreage Powered Machine & Non-Powered Machine
Crop x10-6 Required hours x10-6 & Req'd. hours x10-6
Corn 57.4 pull combine - 0. 76 corn-picker - 19.1
s-p combine - 6.45 pull combine - 2.28
Wheat 44.3 pull combine 1.17 pull combine - 3.51
s-p combine < 9.96
Oats 18.6 pull combine - 0. 49 pull combine 1,48
s-p combine - 4.18
Sorghum 13.8 pull combine - 0.37 pull combine 1.10
s-p combine - 3.10
Barley 9.6 pull combine - 0. 25 pull combine 0.76
s-p combine 2.16
Rye 1.5 pull combine - 0. 04 pull combine 0.12
s-p combine 0.34
Other Grains, *25 pull combine - 0. 66 pull combine - 1.98
Seeds, & Legumes s-p combine - 5.62
Hay, Straw, & *%70 pick-up baler 7.83 pick-up baler - 7.83
Forage forage harvester-3.53 forage harvester-3.53

*only that portion of crops assumed harvested by combine is listed
**agssuming 80% of hay acreage is baled or cut by field forage harvesters,
and that 17.8x10" acres of straw or other forage is harvested.

engines), pull combines account for about 3. 74x100 hours per year, self-
propelled combines for about 31. 8 %108, balers for about 5.22x10 , and self-
propelled forage harvesters account for about 3.53x106 hours annually. These
figures translate into annual usage per (motorized) machine of 52 hours for
pull-type combines, 73 hours for self-propelled combines, 24 hours for
balers, and 120 hours for self-propelled forage harvesters. All these

annual usage figures seem low from an economic standpoint, so the

situation must be that a wide range of usage occurs for each type of

machine, depending on farm size and use of custom operations.

No data are available on the miscellaneous (Table 33) heavy-duty
engines used on farms, although their existence is documented by census
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figures (24). For the purposes of this report, usage of these engines
will be assumed to average 50 hours per year, which is about the mini-
mum usage which would justify having the engine at all. It is assumed
that the miscellaneous engines include irrigation pump engines (which
would have high usage), and those used on welders, large compressors,
and auxillary generators (which probably have low usage).

B. Development of Emission Factors for Farm Engines

Having compiled estimates for the population and annual usage of
heavy-duty farm engines in the previous section, it now becomes
necessary to assign emission factors to that population. This task
requires examination of farm engine duty cycles to determine how the
mode emissions data in Section IV should be weighted for each applica-
tion, and it requires the determination of which test engines should be
assumed to represent each application. The first part of this task
was referred to in section II, Objectives, as a modification of the
calculation procedures already discussed in sections III. C. and IV, A,
Fortunately, there is a good representation of farm engines among the
test engine group, with at least 5 of the 8 diesels and 3 of the 4 gasoline
engines tested being used in farm equipment.

Farm tractor duty cycles have been researched by several investi-
gators for different purposes (23), and the results of some of these
studies are shown in Table 36. In addition, a ''consensus'' weighting
factor schedule is given in Table 36, differing only slightly from the
average of factors from sources A through D. This ''consensus"
schedule will be used to recompute cycle composite brake specific
emissions from the test engines which are used in the farm tractor

application. Most of the mode emissions data were generated on
21-mode (or 23-mode for gasoline engines) procedures, or in the
case of particulate, on procedures having only 7 modes. Weighting

factors for the procedures having 21 (23 for gasoline engines) or 7
modes (derived from the ones given above for the 13-mode procedure)
are shown in Table 37. These factors yield a composite load factor

of about 0. 57 for farm tractors, which is somewhat higher than that

for many other applications of heavy-duty engines. Since no data are
available on the normal speed-load schedule of heavy-duty farm engines
used in applications other than tractors, the factors shown in the four

right-hand columns of Table 37 will be used. These factors are based
on the ideas that most non-tractor farm engines are governed at or near
rated speed, and that they spend little timme at idle. The composite
load factor resulting from these latter weighting factors is about 0. 52,
which is lower than that for tractors but higher than that expected for
on-road engine usage. Note also that the closed-throttle modes (12
and 23) of the gasoline schedule have been given zero weight because
they are assumed largely inapplicable to farm operation.
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TABLE 36. FARM TRACTOR MODE WEIGHTING FACTORS FOR THE
13-MODE GASEQUS EMISSIONS PROCED URE(21, 23)

Mode Weighting Factors by Source Consensus
Mode(s) Source A Source B Source C Source D For Report

1+7+13 0.079 0.058 0.07 0.00 0.06
2 0.022 0.057 0.01 0.00 0.03
3 0.059 0.092 0.02 0.0014 0.05
4 0.060 0.076 0,035 0.0040 0.05
5 0. 056 0.061 0.40 0.0956 0.11
6 0.005 0.021 0.00 0.0127 0.01
8 0.158 0.132 0.00 0.0249 0.10
9 0.256 0.205 0.40 0,4395 0.32
10 0.160 0.151 0.035 0.3519 0.17
11 0.097 0.113 0,02 0.0231 0.06
12 0.048 0.034 0.01 0.0469 0.04
Sources: A, general corn & grain use - Agricultural Engineering,
Feb. 1969

B. general farm use - John Deere data
C. Allis-Chalmers data
D. Detroit Diesel - Allison data - hard plowing alfalfa

To arrive at cycle composite gaseous emissions with mode weighting
factors as described in Tables 36 and 37, the average mode mass emissions
from Tables 8-19 were used rather than going back to each individual run.
Particulate emissions were computed in the same way, using data on

individual mode mass emissions which do not appear explicitly in the
report. Composite mass and brake specific NO, emissions were

corrected for humidity using the factors given in section III.C. .hese
reweighted composite data are given in Table 38 for both farm tractor
and farm non-tractor applications. The engines omitted from the
tractor weighting schedule (Cat. D6-C, M-B OM636, Onan DJBA,
Herc. G-2300, and Wisc. VH4D) are assumed not to be used in farm
tractors, so their emissions will not be used in computing emission
factors for farm tractor applications.

Having developed brake specific emissions for a number of farm
tractor and farm non-tractor engines, it remains to combine them in
such a way that they form a reasonable representation of machines used
in the field. This task requires the assumption of a fraction of total
diesel tractor horsepower hours for each of the five diesels listed at
the top of Table 38, and corresponding assumptions for the two gaso-
line engines used in tractor service. It further requires the assumption
of fractions of total non-tractor horsepower hours for all 12 engines
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TABLE 37. FARM TRACTOR MODE WEIGHTING FACTORS FOR
THE 21-MODE (23 FOR GASOLINE ENGINES) PROCEDURE
AND THE (SPECIAL 7-MODE) PARTICULATE
MEASUREMENT PROCEDURE

Tractor Mode Weighting Weighting Factors by Procedure
Factors by Procedure for Applications other than Tractors

Mode Particulate* 21-Mode 23-Mode** Particulate* 13-Mode 21-Mode 23-Mode**

1 0.06 0.02 0.02 0.04 0.0133 0.0133 0.0133

2 0.055 0. 0225 0.0225 0.06 0.035 0.02 0.02

3 0.13 0.02 0.02 0.09 0.04 0.02 0.02

4 0. 065 0.025 0.025 0.09 0.055 0.02 0.02

5 0.07 0.025 0.025 0.12 0. 055 0.03 0.03

6 0.36 0.025 0.025 0.42 0. 055 0.03 0.03

7 0.26 0.04 0.04 0.18 0,0133 0.03 0.03

8 - 0. 055 0.055 - 0.11 0.03 0.03

9 - 0.03 0.03 - 0.16 0.03 0.03
10 - 0.0075 0.0075 - 0.25 0.03 0.03
11 - 0.02 0,02 - 0.13 0.0133 0.0133
12 - 0.075 0.00 - 0.07 0.06 0.00
13 - 0.105 0.075 - 0.0133 0. 06 0.06
14 - 0.16 0.105 - - 0.06 0.06
15 - 0.1225 0.16 - - 0.14 0.06
16 - 0.085 0.1225 - - 0.14 0.14
17 - 0.0575 0.085 - - 0.14 0.14
18 - 0.03 0.0575 - - 0.04 0.14
19 - 0.025 0.03 - - 0.04 0.04
20 - 0.03 0.025 - - 0.04 0.04
21 - 0.02 0.03 - - 0.0133 0.04
22 - - 0.02 - - - 0.0133
23 - - 0.00 - - - 0.00

*gequence of conditions as shown in Table 22
**gequence as shown in Table 2
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TABLE 38.

COMPOSITE MASS AND BRAKE SPECIFIC EMISSIONS FOR TEST ENGINES WEIGHTED
TO SIMULATE FARM TRACTOR AND FARM NON-TRACTOR APPLICATIONS

Mass Emissions in g/hr, Tractor Weighting

Specific Emissions in g/hphr, Tractor Weighting

Engine HC cO NOyx RCHO SO, Particulate HC (ofe] NO, RCHO SOx Particulate
Allis-Chalmers 3500 40,7 214, 874. 13, 70.5 64.5 0.505 2.66 10.8 0.16 0.875 0.792
Detroit Dies. 6V-71 69.5 168, 2630, 12. 102, 21.9 0.615 1.49 23.3  0.11 0.903 0.195
International Har. D407 136, 284, 518, 9.0 52,4 108. 2,23 4,67 8.51 0.15 0.862 1.77
John Deere 6404 216, 196, 432, 64, 67.1 91.3 2.93 2.66 5.86 0.88 0.910 1.22
Perkins 4.236 15.8 130, 432, 7.8 32.2 57.2 0.392 3.22 10,7 0.19 0.799 1.42
Ford G5000 202, 4860, 269, 11, 8. 62 13.6 5.36 129, 7. 14 0.28 0.229 0. 355
J. 1. Case 159G 150. 5980. 49.4 11, 6. 05 6. 86 6.73 268. 2.22 0.50 0.271 0. 307

Mass Emissions Specific Emissions
in g/hr, Farm Non-Tractor Weighting in g/hphr, Farm Non-Tractor Weighting

Engine HC CO NOx RCHO SOy Particulate HC co NOx RCHO SO, Particulate
Allis-Chalmers 3500 39,8 231, 780. 12, 65.3 67.3 0. 550 3.19 10.8 0.16 0.905 " 0.902
Caterpillar D6C 6.88 66.3 353. 6.3 64.0 30.6 0.093 0.897 4,78 0,084 0.866 0. 404
Detroit Diesel 6V-71 71.3 183, 2380. 12, 93.8 21,3 0.706 1.81 23.5 0.12 0.929 0. 207
International Har. D407 136. 304, 449, 10. 49.0 106, 2.49 5.56 8.22 0.19 0.897 1.90
John Deere 6404 213, 198. 368. 57, 62.7 91.2 3,21 2.98 5.54 0.86 0.944 1.34
Mercedes-Benz OM636 15,2 56.6 42.2 3,4 16.3 26.9 1.03 3.76 2.85 0.26 1.10 2,01
Onan DJBA 9.59 26.4 39.8 1,0 8. 30 13. 4 1.50 4,13 6.23 0.16 1.30 2,08
Perkins 4. 236 17.4 137, 354, 9.4 29.6 59.7 0.428 3.81 9.83 0.26 0.823 1.63
Ford G5000 200, 4870. 232, 10. 8.07 11. 4 5.91 144, 6.85 0,30 0.238 0. 327
Hercules G2300 214, 6820. 141, 5.9 9.23 8.82 5.96 190, 3.93 0.16 0,257 0. 240
J. 1. Case 159G 154, 5770. 44,5 11, 5.77 6.01 7.66 287, 2.21 0.55 0.287 0.293
Wisconsin VH4D- 137. 4330. 80.0 2.1 5,02 7.89 9.26 293, 5.41 0.14 0,339 0.512



with emissions computed on the farm non-tractor operating schedule
(bottom of Table 38). Without question these assumptions will be
arbitrary, but lacking a complete census of engines in the field, they
are necessary. The assumptions made for the purpose of this report
are listed in Table 39, along with the contribution of each engine to the
composite factors and the composite factors themselves. The composite
emission factors thus generated appear reasonable, but they could be
computed more precisely by the same methods if more comprehensive
data on the farm engine population becomes available.

C. Estimation of National Emissions Impact for Farm Engines

Calculation of total exhaust emissions (or "national impact') from
farm tractors is relatively straightforward at this point, using the
composite emissions factors from Table 39 and the tractor horsepower
and hours usage from section V.A., Assuming that (flywheel hp/ PTO hp) =
1.15 and that the tractor load factor is 0,57, a typical calculation would be

2‘,’—: Diesel Farm Tractor Exhaust HC - 95.4 x 10° PTO hp
x 1.15 flywheel hp = 0.57 hp used

1.00 PTO hp flywheel hp
« 290 hr operation « 1. 70 g HC
yr hp hr
-6
x 110 %1077 ton  _ 57 3. 143 ton/yr,

g

and this result is shown along with corresponding results for other
tractor engine types and pollutants in Table 40. Crankcase (blowby)
hydrocarbon emissions from gasoline engines were estimated at 20%
of exhaust hydrocarbons according to the rationale developed in section
III. D.

Total horsepower hours for the farm non-tractor applications
were calculated using the assumptions in Table 33 and usage informa-
tion later in section V. A, Engine power in Table 33 was assumed to
be flywheel power, and the composite load factor of 0.52 was used
uniformly to calculate emission loadings as given in Table 40,
Evaporative emissions from gasoline-powered machines were com-
puted by arriving at fuel tank volumes with enough capacity for about
8 hours' normal operation. These volumes and other information
pertaining to evaporative emissions computation are summarized in
Table 41. For the purposes of this report, the U.S. was divided into
three regions (Northern, Central, and Southern), and the states included
in each region are shown in Appendix H. The Northern region is ap-
proximately between 49° and 43° north latitude, the Central region between
43° and 37°, and the Southern region between 37° and 31°. Adoption of
these arbitrary regions permitted computation of average days per year
during which each machine was ready for use, by assuming the number of
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TABLE 39. COMPUTATION OF COMPOSITE BRAKE SPECIFIC EMISSION FACTORS FOR FARM TRACTOR
AND NON-TRACTOR APPLICATIONS OF HEAVY-DUTY DIESEL AND GASOLINE ENGINES

Engine Type *Assumed Fraction of Contribution to Composite Emission Factor, g/hp hr
and Application Engine Category hp hrs HC CcO NO_, RCHO SOx Particulate
Diesel Farm Allis-Chalmers 3500 0.25 0.126 0. 665 2.70 0.04 0.219 0.198
Tractor Detroit Diesel 6V-71 0.05 0.031 0.074 1.16 0.006 0. 045 0.010
International Harv. D407 0. 35 0.780 1.63 2.98 0,052 0. 302 0.620
John Deere 6404 0.25 0,732 0. 665 1.46 0,22 0.228 0. 305
Perkins 4. 236 0.10 0.039 0.322 1.07 0,019 0. 080 0.142
Z: s Category Composite Emission Factors = 1.71 3.36 9.37 0. 34 0.874 1.28
Gasoline Farm Ford G5000 0.90 4.82 116, 6.43 0.25 0.206 0.320
Tractor J. 1, Case 159G *%0, 10 0.673 26.8 0.222 0. 050 0.027 0. 031
® Category Composite Emission Factors = 5.49 143. 6.62 0. 30 0,233 0. 351
Diesel Farm Allis-Chalmers 3500 0.15 0.082 0.478 1.62 0.024 0.136 0.135
Non-Tractor  Caterpillar D6C 0.02 0.002 0.018 0.096 0.002 0.017 0.008
Detroit Diesel 6V-71 0. 05 0.035 0.091 1.18 0. 006 0. 046 0.010
International Harv., D407 0. 36 0. 896 2.00 2.96 0. 068 0. 323 0. 684
John Deere 6404 0.15 0. 482 0. 447 0.831 0.13 0.142  0.201
Mercedes-Benz DM636 0.02 0.021 0.075 0. 057 0. 005 0.022 0. 040
Onan DJBA 0.05 0.075 0. 206 0.312 0.008 0. 065 0.104
Perkins 4. 236 0.20 0. 086 0,762 1.97 0. 052 0.165 0. 326
= Category Composite Emission Factors = 1.68 4.08 9.03 0. 30 0.916 1.51
Gasoline Farm Ford G5000 0. 30 1.77 43.2 2,06 0.090 0.071 0.098
Non-Tractor Hercules G2300 0. 30 1.79 57.0 1.18 0.048 0.077 0.072
J. 1. Case 159G *%0, 05 0.383 14.4 0.110 0.028 0.014 0.015
Wisconsin VH4D 0.35 3.24 103, 1.89 0. 049 0.119 0.180
Z = Category Composite Emission Factors = 7.18 218, 5.24 0,22 0, 281 0. 365

*assumptions are arbitrary and do not reflect actual market on population percentages - see discussion p. 61
**low weights given the Case engine's emissions because it was erroneously run with high restrictions - see
discussion p. 26



TABLE 40.

Pollutant

HC (Exhaust)

HC (Evaporative)

HC (Crankcase)

HZ (Total)

co

NO, as NO;

RCHO as HCHO

SOx

Particulate

NATIONAL EMISSIONS IMPACT ESTIMATES FOR
HEAVY-DUTY FARM ENGINES

g/unit yr ton/yr Total for Pollutant

Engine Application/Type x10”3 x1073 ton/yr x 10-3
Tractor/Diesel 38.3 57.6
Tractor/Gasoline 37.3 128.
Non-Tractor/Diesel 3.2 3.0
Non-Tractor/Gasoline 9.0 12.2 201,
Tractor/Gasoline 15.6 52.7
Non-Tractor/Gasoline 2.1 2.9 55. 6
Tractor/Gasoline 7.5 25.6
Non-Tractor/Gasoline 1.8 2.4 28.0
Tractor/Diesel 38.3 57.6
Tractor/Gasoline 60.4 206, .
Non-Tractor/Diesel 3.2 3.0
Non-Tractor/Gasoline 12. 4 17.5 284,
Tractor/Diesel 75.2 113,
Tractor/Gasoline 971. 3330,
Non-Tractor/Diesel 7.9 7.4
Non-Tractor/Gasoline 275. 369. 3820.
Tractor/Diesel 210, 316.
Tractor/Gasoline 45,2 155,
Non-Tractor/Diesel 17. 4 16.3
Non-Tractor/Gasoline é.6 8.9 496.
Tractor/Diesel 7.6 11,
Tractor/Gasoline 2.0 7.0
Non-Tractor/Diesel 0.6 0.5
Non-Tractor/Gasoline 0.3 0.4 19.
Tractor/Diesel 19.6 29.5
Tractor/Gasoline 1.6 5.4
Non-Tractor/Diesel 1.8 1.7
Non-Tractor/Gasoline 0.4 0.5 37.1
Tractor/Diesel 28.7 43,1
Tractor/Gasoline 2.4 8.2
Non-Tractor/Diesel 2.9 2.7
Non-Tractor/Gasoline 0.5 0.6 54.6
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days available for outdoor (tractor) work in each region (180 days for the
Northern region, 225 for the Central, and 270 for the Southern region).

The assumed days available for tractor work were weighted by
the fractions of units in each region to arrive at the average tractor

"usage' (days), and ratios of annual machine usage in hours were

used to compute corresponding '"days of usage'' for the other applica-
tions. As an example, ''days of usage'' for self-propelled combines

were calculated by

days of usage (S-P combines) = 229 days x

73 5-P combine hr/yr

4291 gasoline tractor hr/hr

= 57 days

Note that this computation is used only to estimate the number of days
per year during which fuel can evaporate from the tanks.

The evaporation factors in the last column of Table 41 were
chosen on the basis of discussion in section III.D. The higher factor
{for "unprotected' tanks) was deemed appropriate for tractors due to

tank location and temperature extremes encountered, and it was
assumed that half the engines in each other application had unpro-

tected tanks (4.0 g HC/gallon tank volume day) and the other half had
protected tanks (2,0 g HC/gallon tank volume day).
computation is evaporative hydrocarhons from gasoline farm tractors,

which is performed

(g/unit yr) gasoline farm tractor evap. HC - 229 dar
Yy

At

y

ypical

4.0 g HC

= 15.6 x 103 g/unit yr.

TABLE 41. INFORMATION PERTINENT TO EVAPORATIVE
EMISSIONS FROM HEAVY-DUTY GASOLINE FARM ENGINES

Xgal vol day

x 17 gal

Assumed Fraction of Average

Tank Units in Region Usagex Evap. Factor,

Application Vol, gal North Central South days/yr g/gal vol. day
Tractor 17 0.207 0.495 0.298 229 4.0
S-P Combine 40 0. 245 0.576 0.179 56 3.0
Pull Combine 10 0.245 0.576 0.179 40 3.0
Baler 15 0.267 0.571 0.162 18 3.0
Miscellaneous 11 0.277 0. 441 0.282 39 3.0

* Number of days on which engine is assumed to be in

use or ready for use, and thus to have fuel in the tank,
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To put emissions from farm machinery in perspective, Table 42
shows them compared to revised 1970 EPA Air Pollution Inventory
data - Note that this use of revised 1970 Inventory data is a departure
from the practice followed in the previous final reports under the subject
contract., The revised figures were not available for inclusion in the
previous reports. In some cases, the estimated emissions from farm
equipment make a small but significant contribution to the national totals
from mobile sources, which is not unexpected due to the high usage and
relatively large population of this equipment.

TABLE 42, COMPARISON OF HEAVY-DUTY FARM ENGINE EMISSIONS
ESTIMATES WITH EPA NATIONWIDE AIR FOLLUTANT
INVENTORY DATA

1970 EPA Inventory Data, Heavy=-Duty Farm Engine
106 tons/yr(27) (Revised) Estimates as % of
Pollutant All Sources Mobile Sources All Sources Mobile Sources
Hydrocarbons 27.3 15,2 1.04 1.87
CO 100.7 78.1 3.79 4,89
NO, 22.1 11.0 2,24 4.51
SO, 33.4 1.0 0.11 3.7
Particulate 25,5 0,9 0.21 6.1

For farm machinery, the seasonal factors involved in usage are
quite complex, so no attempt will be made to construct a seasonal
emissions breakdown. A breakdown into urban and rural usage seems
unnecessary, since most agriculture involving powered implements is
performed in rural areas. A regional breakdown is possible, however,
with the result that some 16% of emissions from heavy-duty farm engines
appear to occur in the Northern region, 49% in the Central region, and
35% in the Southern region (states in each region shown in Appendix H).
It should be noted, of course, that emissions from farm equipment do
not generally occur in areas where air pollution problems are severe,
so their impact should be considered in view of this factor.

In summary, the major assumptions made in computation of
national emissions impact for farm equipment were:

1. The 1972 farm tractor population (4.469 x 106) and the
populations of other major items of equipment (combines,

balers, etc.) are correct as given in the literature. (see
pp. 47, 48, 54, & 56)

2. Tractor usage in hr/yr can be approximated by

450 + 3,89 (hp-50) - 5.45 (Ai) for tractors of given
horsepower and age. (see pp. 54 & 55)
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Total operating time for equipment such as combines
and balers can be estimated from total U. S. crop
average. (see pp. 57 & 58)

The fraction of tractors of a given age A; still surviving 5
can be approximated by the function F;=8;/N; = e-0- 00155Ai .
(see pp. 49, 50 & 55)

Diesel and gasoline horsepower in the field can be

approximated using the following considerations;

(see pp. 49, 51-54)

a. large tractors are predominantly diesel

b. small tractors (considering entire population) are
predominantly gasoline

c. diesel market penetration is proportional to
machine size and is increasing linearly with
time.

Engine operating cycles can be estimated from
manufacturers' operating data, and from consideration
of the type of operation each type of engine undergoes
in the field, (see pp. 58-60)

Emissions from heavy duty farm engines can be
estimated by combining results of tests conducted
under the subject program in a reasonable way.
(see pp. 61-63)
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VI. ESTIMATION OF EMISSION FACTORS AND NATIONAL IMPACT
FOR HEAVY-DUTY ENGINES USED IN CONSTRUCTION
APPLICATIONS

The construction applications of heavy-duty engines are treated
in this section as a category separate from the farm and industrial
applications. The reason for this approach is to utilize emissions
data from the greatest number of engines in determining emission
factors, while still separating the applications from one another
along logical lines such as load factors and duty cycles.

A. Analysis of Population and Usage for Heavy-Duty Contruction
Engines

Compared to the farm engine category, relatively few data are
available on sales and population of construction equipment. The
scarcity of information is partially due to the industry's general
policy of not releasing production statistics, but also to the compara-
tively small amount of government record-keeping which is done on
the constructlon 1ndustrg The maJor sources of data on construction
equipment 21, 9, 30, )include useful generalizations on
horsepower (total) in use, load factors and duty cycles for the larger
machines, annual usage, and limited information on unit shipments by
year. They do not include, however, any specific population data by
machine type and manufacturer (or engine type), so estimates of this
type (necessary to computation of emission factors and impact) will
have to be made in lieu of factual information.

The usage of construction equipment is high and severe, as
documented by several sources , 21, 30, 3 so the useful life
of the machines (inn years) is correspondingly short. Since comprehensive
population data are not available for construction equipment, estimates
will have to be made based on what is known about useful life of the
various equipment items (in total operating hours), their annual usage,
and shipments of each type of machine over the years. The total
number of operating hours which heavily-loaded machinery will endure
appears to be 10,000 to 15, 000 hours, with the failure point being
defined as the number of hours at which maintenance expense and down-
time become prohibitive. Depending on the type of operation required
by a given owner, a machine may undergo high-load operation constantly
until it is traded in, or its degree of usage may be tapered off as it
ages to extend its life.

To determine life (in years) of each major equipment category, it
will be agssumed for the purpose of this report that track tractors and
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track loaders are good for 10,000 hours, and that all other categories
of mobile construction equipment will last 12,000 hours. It is now
necessary to estimate annual usage for the various types of machines
so that life (in years) can be calculated.

Several sources of annual usage information are available (19, 21, 30, 32)
and a synopsis of this information is provided in Figure 23. No clear
consensus on usage as a function of power can be drawn, especially
when the Caterpillar data are included, but the relationship shown on
the graph (arrived at by trial and error},

usage (hr/yr) = 0.1 (hp)!-8 + 500,

provides a reasonable estimate for most of the smaller machines. The
points for large scrapers and off-highway trucks (upper right portion

of graph) are the only data available for these categories, so they will
both be assigned a usage value of 2000 hr/yr on an arbitrary basis.

The same usage will be assumed for wheel dozers. Note that 2080
hr/yr corresponds to working a 40-hour week all year long.

Data on the categories of mobile construction equipment necessary
to computing average life (in years) are given in Table 43, along with
the computed value itself (last column)., This value for the life of
each type of construction equipment should provide some idea of the
number of years' shipments which are still in service, with corrections
still to be made for exports.

TABLE 43. COMPUTATION OF AVERAGE YEARS OF SERVICE FOR
SEVERAL CATEGORIES OF CONSTRUCTION EQUIPMENT

Assumed Annual
Service Assumed Operation Computed
Category Life, hr Avg. hp hr/yr Life, yr
Tracklaying Tractors 10,000 120 1050 9.5
Tracklaying Shovel Loaders 10,000 65 1100%* 9.1
Motor Graders 12,000 90 830 14,5
Scrapers 12,000 475 2000 6.0
Off-Highway Trucks 12,000 400 2000 6.0
Wheel Loaders 12,000 130 1140 10.5
Wheel Tractors 12,000 75 740 16.2
Rollers 12,000 75 740 16.2
Wheel Dozers 12,000 300 2000 6.0

*compromise between data from references 12 & 30 and usage vs. hp
model above.
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Shipments of most types‘of construction machinery(zsi 29) have
not shown steady increases over the past 10 to 15 years, but rather
they have shown variation about a more-or-less central or "typical'!
value. The generalization holds best for equipment items which are well-
established and not undergoing major changes in sales, but this des-
cription applies well to almost all the categories of equipment. Based
on this idea, a typical value has been arrived at for total yearly ship-
ments of machines in each category over the period of its computed
average life, and these values are given in Table 44. The table also
gives estimates of domestic shipments (total shipments x 90%) over
the computed average life for each category, which will be assumed
for the purposes of this report to be the present population of machines
in each category.

There are many other types of mobile and semi-mobile machines
used in construction, including belt loaders, cranes, excavators,
compressors, pumps, mixers, pavers, trenchers, vibratory compactors,
and generators. Most of these machines are not broken out separately
in available statistics, but a review of the machines currently available
(33, 34) indicates that a typical unit may have an engine of 120 hp and
a usage of perhaps 1000 hr/yr. It is estimated that at least 100, 000
such machines are currently in use.

TABLE 44. TYPICAL TOTAL YEARLY SHIPMENTS AND DOMESTIC
SHIPMENTS OVER COMPUTED AVERAGE LIFE FOR
CONSTRUCTION EQUIPMENT

Typical Total Domestic Shipments over

Category Annual Shipments Computed Average Life
Tracklaying Tractors 23,000 197,000
Tracklaying Shovel Loaders 10, 500 86, 000

Motor Graders 7, 300 95, 300
Scrapers 5,000 27,000
Off-Highway Trucks 3, 850 20, 800

Wheel Loaders 14, 200 134, 000

Wheel Tractors

(incl. loader-backhoes) 30, 000 437,000
Rollers 5,600 81, 600

Wheel Dozers 500 2,700

B. Development of Emission Factors for Construction Engines

Emission factors for construction engines depend on the composition
of the population by size and type of engine, as well as the duty cycle on
which the engines are run. Addressing the latter topic first, a good
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deal of information is available on duty cycles for heavy machinery
such as scrapers, trackla81n§ tractors, wheel loaders, and off-
highway trucks 9, Information on duty cycles of
rollers, wheel tractors, and motor graders, however, is very
scarce. The available data on duty cycles are summarized in
Table 45 in terms of weighting factors for the 13-mode cycle (see
Table 2 for 13-mode cycle description if necessary). It should
be noted that the composite load factors shown are not based on
fuel usage, but that they are calculated by

13

composite load factor Z Wi F:;
1’

i=1
where
W; - time-based mode weighting factor, and

Fj = fraction of maximum load at the speed for that mode.

This calculation gives a good approximation of a fuel-based load
factor, whereas a similar calculation based on fraction of maximum
(mode 8) horsepower will uniformly yield a factor which is lower than
the fuel-based factor. In addition to the data in Table 45, composite
load factors are given in the Caterpillar data (30) for wheel loaders
(0.55), off-highway trucks (0.45), motor graders (0.50), and track
loaders (0. 65).

In assessing the validity of the data in Table 45, it should be noted
that the Allis-Chalmers information (code B) was supplied not as shown,
but as total factors at each power increment for both operating speeds.
It is quite possible that the factor for, say, modes 6 and 8 for track
tractors (supplied as 0. 70) should have been split something other than
50-50, but no additional information was given to indicate what the split
should be. Another point, first raised by Mr. John Crowley of the
EMA-OAP Emissions Survey Subcommittee (23). is that the Allison
data include very little time for warm up and idling, which would not
necessarily be the case in practice.

The approach taken in order to develop logical duty cycles was
to miodify the Detroit Diesel- Allison data such that idles were weighted
0.15 for track tractors, scrapers, and off-highway trucks, and 0.10 for
wheel loaders. The weighting factors for modes 2-6 and 8-12 were then
multiplied by 0. 85 + (1. 0-original idle weight) for the first three appli-
cations above or by 0.90+(1.0-original idle weight) for wheel loaders,
so the'sum of weighting factors in each case was still 1.0. The modi-
fied Allison data for track tractors and scrapers were then averaged
with the Caterpillar data for track tractors and scrapers, respectively,
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TABLE 45. SUMMARY OF MANUFACTURERS' CONSTRUCTION EQUIPMENT
.DUTY CYCLE DATA BASED ON 13 -MODE CYCLE

(see Table 2)

Factors by Source

Factors by Source

Mode(s) Application A B C\3]  Application A B B\B) ¢l
1, 7. 13 Tracklaying 0.15 0.03 0.006 Scraper *0.15 0.02 0.02 0.00!
Tractor
2 0.02 0 0,013 0.03 0.015 0.015 0.044
3 0.03 0 0. 007 0.05 0 0 0.158
4 0.04 0.035 0.020 0.05 0.010 0.075 0.185
5 0.04 0.10 0,033 0.05 0.225 0.15 0.008
6 0.07 0.35 0.009 0.07 0.15 0.25 0.054
8 0.25 0.35 0.466 0.10 0,15 0.25 0.201
9 0.20 0.10 0.230 0.15 0,225 0.15 0,198
10 0.10 0.035 0.077 0.15 0,10 0.075 0,112
11 0.05 0 0.091 0.10 0 0 0.039
12 0.05 0 0. 047 0.10 0,015 0,015 0
Composite Load Factor 0.59 0.88 0.75 0.46 0,74 0.80 0,60

Factors by Source

Mode(s) Application B c\¥!
1,7, 13  Wheel 0.05 0,016
Loader
2 0.02 0,002
3 0.03 0.064
4 0.15 0.17}
5 0.15 0
6 0.125 0
8 0.125 0.209
9 0.15 0,349
10 0.15 0.144
11 0.03  0.046
12 0.02 0

Composite Load Factor 0.64 0,66

Source A is Caterpillar (19, 30), Source B is Allis-Chalmers (3”. Source C is

Detroit Diesel-Allison

Application

Fag¢tors by Source
B C

Off-
Highway
Truck

0.035

0.038
0. 060
0.162
0.122
0.100

0.100
0.122
0.162
0. 060
0.038

0.58

0.113

0.038
0.035
0.013
. 009
. 029

[= =

447
.075
.110
014
. 117
0.62

o000

(2) average of 9 usage cycles (b) self-loading scraper (¢) elevating scraper
average of 6 usage cycles (e) average of 2 truck types
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to obtain the consensus factors for these two applications. Likewise,
the Allison data for wheel loaders and off-highway trucks were
averaged with corresponding Allis-Chalmers data to obtain consensus
factors on these two latter applications.

The results of these procedures are given in Table 46, and it
will be assumed that motor graders operate on the scraper cycle,
that wheel tractors and wheel dozers operate on the track tractor
cycle and that track loaders operate on the wheel loader cycle.

For brevity, the track tractor cycle has been denoted C-1, the
scraper cycle C-2, the wheel loader cycle C-3, and the off-highway
truck cycle has been denoted C-4. In addition, it will be assumed
that the '""on-highway' 13-mode weighting factors apply to roller
operation (0. 20 for sum of idles, 0.08 for other modes), and that

the weighting factors developed for farm non-tractor operation {(semi-
mobile) apply to the miscellaneous category of construction engines
(Table 37). This latter cycle will henceforth be called ''general
purpose'’, with either ''construction' or "industrial' added to denote
the category of engines for which it is used in each instance. As
stated in section V. B., the general-purpose factors were ''...based
on the ideas that most (of these) engines are governed at or near
rated speed, and that they spend little time at idle, ' and these ideas
hold equally well for miscellaneous construction engines. The con-
sensus factors in Table 46 yield composite (calculated) load factors
of about 0. 61 for C-1, 0.49 for C-2, 0.62 for C-3, and 0. 58 for C-4.
The composite load factor for the 13-mode "on-highway'' schedule

is 0.40, and that for the general purpose construction schedule is
about 0. 52. Development of new composite cycles was considered an
important secondary objective of the project, and the above discussion
shows one of the ways in which this objective was met.

Computation of cycle composite mass emissions with mode weights
as given in Table 46 followed the same procedure outlined in section V.
These reweighted data are presented in Table 47, noting that the com-
posite emissions based on the 13-mode ''on-highway' factors appear
in Tables 20, 21, and 23, and that those based on the general purpose
construction schedule are given in Table 38 (under farm non-tractor
heading). One outstanding feature of the data in Table 47 is the
relatively small variation in composite specific emissions from one
weighting schedule to another. This insensitivity of the specific
emissions to the schedule reinforces the idea that errors in the
weighting factors probably have a relatively weak effect on the overall
emissions results.

To arrive at category composite emission factors for construction
equipment, it is now necessary to assume a distribution for each
category composed of test engines in some combination. These
attempts are not estimates of the actual category compositions, but
rather combinations which should produce reasonable category com -
posite emission factors. -~ The assumptions will be arbitrary, but they
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TABLE 46. MODE WEIGHTING FACTORS FOR CHARACTERIZATION OF
EMISSIONS FROM CONSTRUCTION EQUIPMENT

Weighting Factor by Cvcle(a) Weighting Factor by Cycle(3)
Procedure Mode C-1 Cc-2 C-3 C-4 Procedure Mode C-1 Cc-2 Cc-3 2}

Particulate(b) 1  0.150 0.150 0,075 0.092 13-Mode 1 0.050 0.050 0.025 0.03}
2 0.028 0.102 0.044 0.069 2 0.016 0.034 0.011 0.037
3 0.046 0.145 0.193 0,126 3 0.018 0.092 0.044 0.047
4 0.061 0.069 0.109 0.106 4 0,028 0.104 0.153 0.087
5 0.094 0.096 0.036 0.097 5 0.034 0.028 0.075 0.066
6 0.171 0.195 0,225 0.194 6 0.039 0.058 0.062 0,064
7 0,450 0.242 0.317 0.314 7 0.050 0.050 0,025 0,031
8 0.324 0.136 0.158 0.264
23-Mode(c) 1 0.050 0.050 0.025 0.031 9 0.198 0,159 0.234 0.097
2 0.009 0.018 0.006 0,020 10 0.083 0.122 0.141 0.134
3 0.009 0.034 0.015 0.023 11 0.064 0.066 0.036 0,036
4 0.010 0.050 0.023 0,026 12 0.045 0.050 0.010 0,075
5 0.013 0,053 0.052 0.037 13 0.050 0.050 0,025 0,031
6 0.016 0.056 0.081 0.047
7 0.017 0.036 0.060 0.042 21-Mode 1 0.050 0.050 0.025 0.031
8 0.019 0.015 0.040 0.036 2 0.009 0.018 0.006 0.020
9 0.020 0.023 0.036 0.035 3 0.009 0.034 0,015 0.023
10 0.022 0.031 0.033 0,035 4 0.010 0,050 0.023 0.026
11 0.050 0.050 0,025 0.031 5 0,013 0.053 0,052 0.037
12 0.000 0.000 0.000 0.000 6 0.016 0.056 0,081 0,047
13 0.186 0.074 0.085 0.153 7 0.017 0.036 0.060 0.042
14 0.150 0.081 0.106 0.105 8 0.019 0.015 0.040 0.036
15 0.114 0.087 0.126 0.056 9 0.020 0,023 0.036 0,035
16 0.08F 0.077 0.101 0.067 10 0.022 0.031 0.033 0,035
17 0,048 0.067 0.076 0.078 11 0.050 0.050 0.025 0,031
18 0,042 0,051 0.048 0.049 12 0.186 0,074 0.085 0.153
19 0.037 0.036 0.019 0.021 13 0.150 0.081 0.106 0.105
20 0.031 0.032 0.012 0.032 14 0.114 0.087 0.126 0.056
21 0.026 0.027 0.005 0.044 15 0.081 0.077 0.101 0.067
22 0.050 0.050 0.025 0.031 16 0.048 0.067 0.076 0,078
23 0.000 0.000 0,000 0,000 17 0.042 0.051 0,048 0,049
18 0.037 0.036 0.019 0,021
(a)c-1 is for track and wheel tractors and wheel dozers 19 0.031 0.032 0.012 0.032
C-2 is for scrapers and motor graders 20 0.026 0,027 0.005 0,044
C-3 is for wheel loaders and track loaders 21 0.050 0.050 0.025 0,031

C-4 is for off-highway trucks
(b)sequence of conditions as shown in Table 22
(c)sequence of conditions as shown in Table 2
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TABLE 47. COMPOSITE MASS AND BRAKE SPECIFIC EMISSIONS FOR TEST ENGINES WEIGHTED TO SIMULATE
FOUR TYPES OF CONSTRUCTION USAGE

Weighting Mass Emissions in g/hr Specific Emissions in g/hphr
Engine Schedule* HC CO NO, RCHO SOy Part. HC CO NO, RCHO SO Part.
Allis-Chalmers C-1 39.5 262. 908, 14, 73.4 66,1 0. 465 3.09 10.7 0.15 0.864 0.732
3500 c-2 37.1 234, 730, 12, 58.7 60.1 0.563 3.55 11,1 0.17 0.890 0. 886
c-3 39.6 261. 900, 13, .0 72,7 0.483 3.19 11.0 0.15 0. 866 0.817
C-4 38.7 282, 856. 13, 68.5 70.5 0,492 3.59 10.9 0.16 0.871 0.862
Caterpillar D6-C C-1} 6.70 65.9 384, 6.6 'il.B 34.9 0.078 0.767 4,46 0.074 0.835 0.383
Cc-2 6.70 61,8 321, 6.4 658.0 27.9 0.099 0.916 4,75 0.092 0. 860 0. 404
Cc-3 6.22 53.9 1395, 6.5 73.1 31.9 0.073 0.63% 4.65 0.074 0. 861 0,351
C-4 6.75 64.9 365. 6.6 67.4 30.9 0.084 0. BO& 4.55 0.079 0.839 0.371
Detroit Diesel Cc-1 68.3 276, 2650, 12, 106. 21.6 0.578 2.33 22.4 0.094 0.895 0.172
6V-71 C-2 60.9 2il,  2130. 12, 85.2 18.8 0.661 2,29 23.1 0.12 0.924 0.199
C-3 65.5 227. 2620. 12, 102, 21.6 0.565 1.96 22.6 0.099 0.884 0.174
C-4 66.9 284, 2450, 12, 99.4 20.4 0,608 2.58 22.2 0.11 0.904 0. 141
International C-1 137, 375. 568, 8.1 54,1 115, 2.16 5.90 8.95 0.12 0.852 1.72
Harvester c-2 121, 294, 418, 8.3 44.0 96.8 2.42 5.88 8. 36 0.16 0.880 1.91
D407 Cc-3 130, 338. 519. 8.2 52.9 115, 2.07 5.38 8,25 0.13 0. 841 1.72
John Deere 6404 C-1 210, 220, 521, 61, 69.6 97.0 2.68 2,81 6.67 0.75 0. 890 1.16
c-2 195, 201, 350, 56. 55.8 87.0 3.24 3,35 5.83 0.91 0.928 1.40
Cc-3 210, 209, 434, 61. 66.7 105, 2.79 2.78 5,75 0.78 0.885 1.29
C-4 2lo. 233, 447, 58. 64.5 102, 2.92 3.24 6.21 0.78 0.897 1. 36
Perkins 4.236 C-1 i4.1 222. 461, 7.9 34.4 59,5 0,330 5.19 10.8 0.18 0. 806 1,33
c-2 15.7 139, 338, 7.5 26.6 46. 1 0,483 4,29 10,4 0.22 0.818 1.39
C-3 14.7 153, 433, 7.5 32.1 52.6 0.361 3.75 10.6 0.18 0,789 1,32
Ford G5000 C-1 212, 4530, 313, 11, 8.81 17.6 5.26 112, 7.7 0.26 0,218 0.413
(G256) C-2 185, 4250, 213, 9.3 7.30 12,6 6.00 138, 6.91 0.29 0,237 0,397
Cc-3 199 4810, 268. 11, 8.60 15.6 5.15 125, 6.94 0.27 0.223 0.376
Hercules G-2300 C-1 220, .A980. 20R, 6.9 10,0 1.1 5.17 164, 4, 80 0.16 0,235 0,247
Cc-2 197, 6060, 138, 5.1 8.30 8.29 6.07 186, 4,23 0.15 0.255 0.249
c-3 225, 7130. 174. 6.2 9.79 10.0 5.52 175, 4,27 0.15 0. 240 0.230
J. 1. Case 159G C-1 148, 5930. 58.4 12. 6.16 9.59 6.30 253, 2,48 0.50 0.262 0, 387
c-2 136, 5200. 41.1 10. 5,21 6.40 7.46 286, 2,26 0.56 0.286 0, 344
c-3 148, 5910, 50.3 12, 6.03 8,28 6.45 258, 2.20 0. 50 0.263 0,339
Wisconsin VH4D C-3 133, 4270, 101, 2.2 5.17 8.56 7.81 251, 5.91 0.12 0.304 0.470

*C-1 applies to track tractors, wheel tractors, and wheel dozers
C-2 applies to scrapers and motor graders
C-3 applies to track loaders and wheel loaders
C-4 appliee to off-highway trucks



are also necessary because the distribution of engines in service is
simply not known. With these qualifications, the assumptions made
for the purposes of this report are given in Table 48, along with the
assumed contribution of each engine to the category composite factors
and the composite factors themselves. These factors appear reason-
able, but confidence in them could certainly be strengthened if more
data were available on engines operating in the field.

C. BEstimation of National Emissions Impact for Construction
Engines

Proceeding along a course parallel to that uded on farm equipment
in section V, impact estimates have been calculated for the various
categories of construction equipment, and they appear in Table 49.

The numbers on which the estimates are based were taken from Tables
43, 44, and 48, and a sample calculation for hydrocarbons from track-
laying tractors is

(ton/yr)track tractor HC = 197, 000 units x E_()Ltp x 0.61
uni

g HC , 1.10x 1076 ton
hp hr g

%X 1050 hr/yr x 0.685 11,400 ton/yr.

It was assumed that diesel engines produce negligible crankcase vent
losses, and that all the gasoline engines used in construction have
uncontrolled crankcase vents. It was also assumed that evaporation

of diesel fuel is negligible, that gasoline evaporated from unprotected
tanks (wheel tractors, motor graders, and half the tanks used on rollers
and miscellaneous enginesg at the rate of 4g/(gall‘on tank volume day);

and that gasoline evaporated from protected tanks (half of those used

on rollers and miscellaneous engines) at the rate of 2g/(gallon tank volume
day).

The average length of the construction season (in days) was computed
by assuming a 7-month season in the Northern region (down to 43° north
latitude), an 8-month season in the Central region (43° to 370), and a
9-month season in the Southern Region (37° and further south). These
seasons were weighted by the distribution of contractors' work (excluding
homebuilding)(35) as of October 1972, which was 9.2% in the Northern
region, 51.7% in the Central region, and 39.1% in the Southern region,
The result was a weighted mean season of 249 days, which is the period
over which the evaporative emissions were assumed to occur. The
fuel tanks on the gasoline-powered equipment were assumed to be ade-
quate for 8 hours of normal operation, and their volumes were then calcu-
lated using fuel consumption figures for the test engines.

To place emissions from cons.ruction equipment in perspective,
Table 50 shows them compared to revised 1970 EPA Air Pollution
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TABLE 48. COMPUTATION OF CATEGORY COMPOSITE BRAKE SPECIFIC EMISSION
FACTORS FOR HEAVY-DUTY ENGINES USED IN CONSTRUCTION APPLICATIONS
*Agsumed
Fraction of
Category Contribution to Category Emission Factor, g/hp hr

Application Engine _hp hrs HC CO NOx RCHO SO, Part.
Tracklaying Allis-Chalmers 3500 0.10 0.046 0.309 1.07 0.015 0.086 0.073
Tractor Caterpillar D6C 0.45 0.035 0.345 2.01 0.033 0.376 0.172
(C-1) Detroit Diesel 6V-71 0.15 0.087 0.350 3.36 0.014 0.134 0.026
International Har. 0.10 0.216 0.590 0.895 0.012 0. 085 0,172
John Deere 6404 0.10 0. 268 0.281 0.667 0.075 0.089 0.116
Perkins 4.236 0.10 0.033 0.519 1.08 0.018 0.081 0.133
2=Category Composite Emission Factors = 0.685 2,39 9.08 0.17 0.851 0,692
Wheel Allis-Chalmers 3500 0.20 0,093 0.618 2.14 0,030 0.173 0. 146
Tractor International Har. 0.25 0. 540 1.48 2,24 0,030 0.213 0.430
(C-1) John Deere 6404 0.20 0.536  0.562 1.33 w0.15 0.178 0,232
Perkins 4.236 0.25 0.082 1.32 2.70 0.045 0.202 0.332
Ford G5000 (G256) 0.06 0.316 6.72 0.465 0.016 0,013 0.025
Hercules G-2300 0.03 0.155 4.92 0.147 0.005 0.007 0.007
J. 1. Case 159G w0, 01 0.063 2,53 0.025 0.005 0.003 0.004

E:Category Composite Emission Factors = 1.78 18.1 9.05 0.28 0.789 1.18
Wheel Allis-Chalmers 3500 0.10 0.046 0.309 1.07 0.015 0.086 0,073
Dozer Caterpillar D6C 0.40 0.031 0.307 1.78 0.030 0,334 0.153
(C-1) Detroit Diesel 6V-71 0.40 0.231 0.932 8.96 0.038 0.358 0,069
John Deere 6404 0.10 0.268 0,281 0.667 0.075 0.089 0.116

2=Category Composite Emission Factors = 0.576 1,83 12.5 0.16 0.867 0.411
Scraper Allis-Chalmers 3500 0.20 0.113 0,710 2.22 0.034 0,178 0.177
(C-2) Caterpillar D6C 0.20 0.020 0.183 0.950 0.018 0.172 0.081
Detroit Diesel 6V-T71 0. 30 0.198 0.687 6.93 0,036 0.277 0.060

International Har. D407 0.10 0. 242 0.588 0.836 0.01¢ 0.088 0.191
John Deere 6404 0.20 0.648 0.670 1.17 0.18 0.186 0,280
E:Category Cornposite Emission Factors I.22 2,84 12,1 0.28 0.901 0.789
Motor Grader Caterpillar D6C 0.50 0.050 0.458 2.38 0.046 0.430 0.202
(C-2) Detroit Diesel 6V-71 0.25 0.165 0.572 5.78 0,030 0.231 0. 050
International Har. 0.10 0.242 0.588 0.836 0.016 0.088 0,191
Perkins 4.236 0.10 0.048  0.429 1.04 0.022 0.082 0.139
Ford G5000 (G256) 0.02 0.120 2.76 0.138 0.006 0.005 0.008
Hercules G-2300 0.02 0.121 3.72 0.085 0.003 0.005 0.005
J. 1. Case 159G *%0, 01 0.075 2,86 0,023 0.006 0.003 0.003
Z:Category Composite Emission Factors 0.821 11,4 10.3 0.13 0. 844 0.598
Wheel Loader Allis-Chalmers 3500 0.10 0.048 0.319 1.10 0,015 0.087 0,082
(C-3) Caterpillar D6C 0.20 0.015 0.127 0.930 0.015 0.172 0.070
Detroit Diesel 6V-71 0.20 0.113  0.392 4.52 0.020 0.177 0,035
International Har. 0.12 0.298 0. 646 0.990 0.016 0.101 0. 206
John Deere 6404 0.10 0.279 0,278 0.575 0.078 0.088 0,129
Perkins 4. 236 0.12 0.043  0.450 1.27 0.022 0,095 0.158
Ford G5000 (G256} 0.07 0.360 8.75 0.486 0.019 0.016 0.026
Hercules G-2300 0.07 0,386 12,2 0.299 0.010 0.017 0.016
J. 1. Case 159G* 0.01 0.064 2.58 0.022 0.005 0.003 0. 003
Wisconsin VH4D 0.01 0.078 2.51 0.059 0.001 0.003 0.005
Z:Category Composite Emission Factors 1.63 28,3 10.3 0.20 0.759 0,730

Continued on next page.

*agsumptions are arbitrary and do not reflect actual market or population

percentages - see discussion p. 74

**low weights given the Case engine's emissions because it was erroneously
run with high restrictions - see discussion p. 26
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TABLE 48. (Cont'd.) COMPUTATION OF CATEGORY COMPOSITE BRAKE SPECIFIC
EMISSION FACTORS FOR HEAVY-DUTY ENGINES USED
IN CONSTRUCTION APPLICATIONS
*Agsumed

Fraction of
Category Contributign to Category Emission Factor, g/hphr

Application Engine hp hrs HC CO NOx RCHO SOx Part,
Tracklaying Allis-Chalmers 3500 0.15 0.072 0.478 1.65 0.022 0,130 0.123
Loader (C-3) Caterpillar D6C 0.65 0.047 0.413 3,02 0.048 0.560 0.228
International Har. D407 0,10 0.207 0.538 0.825 0.013 0.084 0.172

Perkins 4.236 0.10 0.036 0.375 1,06 0.018 0.079 0.132

Z=Category Composite Emission Factors = 0.362 1.80 6.56 0.10 0.853  0.655
Off-Highway Allis-Chalmers 3500 0.20 0.098 0.718 2.18 0.032 0.174 0.172
Truck (C-4) Caterpillar D6C 0.15 0.013 0.121 0.682 0.012 0.126 0.056
Detroit Diesel 6V-71 0.50 0.304 1.29 11.1 0.055 0.452 0.070

John Deere 6404 0.15 0.438 0.486 0.932 0.12 0.135 0,204

Z=Category Composite Emission Factors = 0.853 2.62 14,9 0.22 0. 887 0.502
Roller Detroit Diesel 6V-71 0.20 0.140 0.592 4.04 0.030 0.192 0. 042
(13-Mode Mercedes- Benz OM636 0.05 0.060 0.253 0.166 0.015 0. 066 0.111
On-Highway) Perkins 4.236 0.05 0.033 0.248 0.535 0.014 0.042 0.077
Ford G5000 (G256) 0. 30 2.66 47.7 2.01 0.10 0.078 0.132

Hercules G-2300 0. 30 2,69 63.0 1.22 0.051 0.083 0,087

J. 1. Case 159G *%0, 02 0.268 6.32 0.176 0.0!3 0.006 0.008

Wisconsin VH4D 0.08 0.857 24.7 0.422 0.012 0,028 0. 049

z:cmzegory Composite Emission Factors - 6.71 193, 8.57 0.24 0.495 0.506
Miscellaneous Allis-Chalmers 3500 0.05 0.028 0.159 0.540 0.008 0.045 0.045
(General Caterpillar D6C 0.05 0.005 0.045 0.239 0.004 0,043 0,020
Purpose Detroit Diesel 6V-71 0. 40 0.282 0.724 9.40 0.048 0.372 0,083
Const. ) International Har. D407 0.10 0.249 0. 556 0.822 0.019 0. 090 0,190
John Deere 6404 0.05 0.160 0.149 0,277 0.043 0.047 0,067
Mercedes-Benz OM636 0,08 0.082 0.301L 0.228 0.021 0.088 0.161

Onan DJBA 0.02 0.030 0.083 0.125 0.003 0,026 0.042

Perkins 4. 236 0.10 0.043  0.381 0.983 0.026 0.082 0.163

Ford G5000 (G256) 0.04 0.236 5.76 0.274 0.012 0.010 0.013

Hercules G-2300 0,08 0.477 15.2 0.314 0.013 0.021 0.019

J. I. Case 159G #%0, 01 0.077 2.87 0.022 0.006 0.003 0.003

Wisconsin VH4D 0.02 0,185 5. 86 0.108 0,003 0.007 0.010

=Category Composite Emission Factors = 1.85 3z2.1 13.3 Q.21 0.834 0.816

*assumptions are arbitrary and do not reflect actual market or population
percentages see discussion p. 74
**low weights given the Case engine's emissions because it was erroneously
run with high restrictions - see discussion p. 26
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TABLE 49. NATIONAL EMISSIONS IMPACT ESTIMATES FOR HEAVY-DUTY
CONSTRTICTION ENGINES

{ghunityr) x 10-3 ton/yr Total for Pollutant,

Pollutant Engine Application Gasoline Diesel x10-3 ton/yr x 10-3
HC (Exhaust) Tracklaying Tractor - 52.6 11.4

Wheel Tractor 121, 49,7 29.0

Wheel Dozer - 211, 0.3

Scraper - 568. 16.9

Motor Grader 154, 20.5 3.2

Wheel Loader 275. 96.6 22.1

Tracklaying Loader - 16.0 1.0

Off-Highway Truck - 396. 4.5

Roller 205. 18.3 13.4

Miscellaneous 254, 71.4 12,7 114,
HC Wheel Tractor 22.9 - 1.7
(Evaporative) Motor Grader 24.9 - 0.2

Wheel Loader 33.9 - 1.5

Roller 20.9 1.3

Miscellaneous 25.4 - 0.7 5.4
HC Wheel Tractor 24.1 - 1.7
(Crankcase) Motor Grader 30.8 0.2

Wheel Loader 54.9 - 2,4

Roller 41.1 - 2.6

Miscellaneous 50.7 - 1.3 8.2
HC (Total) Tracklaying Tractor - 52.6 11. 4

Wheel Tractor 168. 49,7 32.4

Wheel Dozer - 211, 0.3

Scraper - 568. 16.9

Motor Grader 210. 20.5 3.6

Wheel Loader 364. 96.6 26.0

Tracklaying Loader - 16.0 1.0

Off-Highway Truck - 396. 4.5

Roller 267. 18.3 17.3

Miscellaneous 330. 71.4 14,7 128,
co Tracklaying Tractor - 184. 39.9

Wheel Tractor 3200. 720. 295,

Wheel Dozer 670. 0.8

Scraper - 1320. 39.2

Motor Grader 4560, 81.1 43.8

Wheel Loader 8050. 286. 383.

Tracklaying Loader - 79.8 4.9

Off-Highway Truck - 1220. 14,0

Roller 4500. 61.8 285,

Miscellaneous 7720. 188, 220, 1330,

Continued on next page.
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"TABLE 49. (Cont'd.)

NATIONAL EMISSIONS IMPACT ESTIMAT ES FOR HEAVY-
DUTY CONSTRUCTION ENGINES

{g/unit yr) x 10-3 ton/yr Total for Pollgtant,

Pollutant Engine Application Gasoline Diesel x 107 ton/yr x 10”
NOx as NO2 Tracklaying Tractor - 698. 151.

Wheel Tractor 144, 334, 147,

Wheel Dozer - 4580. 5.6

Scraper - 5630. 167.

Motor Grader 120, 397. 39.5

Wheel Loader 268. 1240, 140,

Tracklaying Loader - 291, 18.0

Off-Highway Truck - 6910. 79.4

Roller 121, 351. 17.1

Miscellaneous 187. 1030, 91.3 856.
RCHO as Tracklaying Tractor - 13, 2.8
HCHO Wheel Tractor 5.9 10. 4.6

Wheel Dozer - 59, 0.1

Scraper - 130. 3.9

Motor Grader 7.3 4.6 0.5

Wheel Loader 11. 21.4 2.7

Tracklaying Loader 4.4 0.3

Off-Highway Truck - 102, 1.2

Roller 5.6 5.5 0.5

Miscellaneous 9.0 13.9 1.4 18.
SO, as SO, Tracklaying Tractor - 65.4 14,2

Wheel Tractor 5.2 30.3 12.8

Wheel Dozer - 317. 0.4

Scraper - 419, 12. 4

Motor Grader 6.3 32.4 3.2

Wheel Loader 12,1 94,1 10.3

Tracklaying Loader - 37.8 2.3

Off-Highway Truck - 412, 4,7

Roller 6.2 22.6 1.0

Miscellaneous 0.6 64,7 5.7 67.0
Particulate Tracklaying Tractor - 53.2 11,5

Wheel Tractor 8.1 45.5 19,2

Wheel Dozer 150, 0.2

Scraper - 3617. 10.9

Motor Grader 7.8 23.0 2.3

Wheel Loader 15.4 88.8 9.9

Tracklaying Loader - 29.0 1.8

Off-Highway Truck - 233, 2.7

Roller .7 16.8 1,0

Miscellaneous 11.7 63.2 5.6 65.1




TABLE 50. COMPARISON OF HEAVY-DUTY CONSTRUCTION ENGINE
EMISSIONS ESTIMATES WITH EPA NATIONWIDE AIR
POLLUTANT INVENTORY DATA

1970 EPA Inventorv Data, Heavy-Duty Construction

106 tons/yr(27) (Revised) Engine Estimates as % of
Pollutant All Sources Mobile Sources All Sources Mobile Sources
Hydrocarbons 27.3 15,2 0. 469 0.842
CoO 100.7 78.1 1.32 1.70
NOx 22.1 11.0 3.87 7.78
SOx 33.4 1.0 0. 20 6.7
Particulate 25.5 0.9 0.26 7.2

(27)

Inventory data Construction engines appear to make relatively
small contributions to total hydrocarbons and CO, but more significant
contributions to totals of the other emissions. The emissions impact
values presented here differ sharply, in some cases, with previously-
published values for construction equipment, and the reason for the
differences is primarily the inclusion of some gasoline-powered
machinery in the subject estimates. The influence of the gasoline
engines is illustrated by Table 51, which compares the results of a
previous study(30) with those of the subject work. While the agreement
between the earthmoving machinery contribution from this study and
the total of the previous work is not perfect, it shows few basic dis-
agreements. If SO, were calculated for the previous study by the
same method used for this report, for instance, the resulting figure
would be about 62, 800 tons rather than the 107, 000 tons shown. On
the particulate values, it can only be said that the emission factors
used were substantially different.

TABLE 51. COMPARISON OF EMISSION ESTIMATES FOR GASOLINE-
AND DIESEL-POWERED EQUIPMENT WITH A PREVIOUS
EMISSION ESTIMATE

Estimated Ton/yr x10-3

Coverage of Estimate/Source HC CO NOy SO, Particulate
All Const. Equpt. /this report 128. 1330, 856. 67.0 65.0
Gasoline Const. Equpt./this report 55,2 1110. 35.6 1.6 2.2
Diesel Const. Equpt./this report 72.8  220. 820. 65.4 62.8
Earth moving Equpt.*/this report 63.3 176, 583. 46.6 38.4

Earthmoving Equpt.*/(30) 44.0 223.  625. 107. 20.0

*does not include any gasoline-powered equipment or any rollers, wheel
dozers, wheel tractors (except scraper tractors), or miscellaneous engines
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Some of the information required to summarize emissions from
construction equipment on a seasonal/regional basis has already been
developed, namely the assumed operating seasons and fractions of the
engine population in the three regions. No data are available, however,
on the distribution of construction activity between urban/suburban
and rural areas, so it will be estimated that 75% of the activity is in
urban/suburban areas. These simplistic assumptions permit the
compiling of Table 52, which gives valuable results even though it is
necessarily quite heavily qualified. The analysis estimates that some
20% of emissions from construction equipment occur in the winter
months, about 30% in the summer months, and that spring and fall
each account for about 25%. It also estimates that about 8% of
emissions from construction equipment occur in the Northern region,
50% in the Central region, and 42% in the Southern region. (states
included in regions shown in Appendix H).

TABLE 52, ESTIMATE OF SEASONAL, REGIONAL, AND URBAN-RURAL
DISTRIBUTION OF EMISSIONS FROM CONSTRUCTION
EQUIPMENT

Percentage of Annual Nationwide Emissions by Season

Urban/Suburban Areas Rural Areas
Dec- Mar- Jun-  Sep- Dec- Mar- Jun-  Sep-
Region Feb May  Aug Nov Feb May Aug Nov  Subtotals

Northern 0.83 1.46 2.09 1.46 0.28 0.49 0.70 0.49 7.80
Central 7.01 9.34 11.68 9.34 2.34 3,11 .89 3,11 49.82
Southern 7.06 7.95 8.83 7.95 2,35 2.65 2,94 2.65 42.38

w

Subtotals 14.90 18.75 22,60 18,75 4.97 6,25 7.53 6.25

Totals 75,00 25,00 100, 00

In summary, the major assumptions made in computation of
national emissions impact for construction equipment were:

1. The service life of construcuon machinery is 10, 000 to
12,000 hours, as shown in the tabulation at the end of
this summary; and the average horsepower of machines

in several categories is as shown in the same tabulation
(see pp. 68 & 69)

2. Annual operating time for construction machines can be
approximated by

usage (hr/yr) = 500 + 0.1 (hp) 1+ &;
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except for tracklaying shovel loaders, off-highway trucks,
and scrapers, for which other data are available. (see
pp. 69 & 70)

The life of construction equipment (in years) computed
from service life (in hours) and usage (in hours/year),
can be used with typical annual shipments to estimate

number of units in service, as shown in the tabulation
on the next page. (see pp. 69 & 71)

Emissions from heavy duty construction engines can be
estimated by combining results of tests conducted under

the subject program in a reasonable way. (see pp. 78 & 79)

Engine operating cycles can be estimated from manufacturers'
operating data. (see pp. 71-77)
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TABULATION OF PERTINENT ASSUMPTIONS AND COMPUTED VALUES

Assumed Annual Typical Total *Domestic Shipments
Service Assumed Operation, Computed Annual Over Computed
Category Life, hr Avg. hp hr/yr Life, yr Shipments Average Life

Track Tractors 10, 000 120 1050 9.5 23,000 197, 000
Track Shovel Loaders 10,000 65 1100 9.1 10, 500 86, 000
Motor Graders 12, 000 90 830 14,5 7,300 95, 300
Scrapers 12, 000 475 2000 6.0 5,000 27,000
Off-Hwy. Trucks 12,000 400 2000 6.0 3,850 20, 800
Wheel Loaders 12,000 130 1140 10.5 14,200 134, 000
Wheel Tractors 12, 000 75 740 16. 2 30, 000 437, 000
Rollers 12,000 75 740 16.2 5, 600 81, 600
Wheel Dozers 12, 0600 300 2000 6.0 500 2,700
General Purpose - 120 1000 - - 100, 000

*including assumption of 10% exports



VII. ESTIMATION OF EMISSION FACTORS AND NATIONAL IMPACT
FOR HEAVY-DUTY ENGINES USED IN INDUSTRIAL
APPLICATIONS

This section treats industrial engines as a category separate from
farm and construction engines for purposes of estimating emission factors
and national emissions impact. This approach permits utilization of
emission data from the largest number of engines in determining emission
factors, while still retaining separation between the application categories.
Some of the engine applications included in the industrial classification
are: fork lifts; mobile refrigeration units; auxillary engines for hy-
draulic pump service on garbage trucks and other large vehicles;
generator and pump service for utilities, airports, and state mainte-
nance organizations; logging; mining; quarrying; oil field operations;
and portable well-drilling equipment.

A. Analysis of Population and Usage for Heavy-Duty Industrial
Engines

Of the three application categories for heavy-duty engines which are
discussed in this report, the industrial category is the most difficult to
define. The attempt made here is to include the engine applications
named above while excluding applications such as agriculture, construc-
tion, railway motive power, marine propulsion, miscellaneous small
engine applications, and others covered by separate reports under the
subject contract. The greatest difficulties occur in separating engines
classified as '""miscellaneous 4-stroke small utility engines"(3 ) ana
engines designed for railway motive power from available production

and shipment statistic s(37),

As averages over the past 10 years, shipments of industrial gasoline
engines have averaged about 1.1 million, and industrial diesel engine
shipments have averaged about 50, 000. No data are available on the
size distribution of this particular group of engines, but data are given
regarding the value of the engines at the manufacturer's plant. For
the years 1969-1970, the average value of gasoline engines was about
$120, and that for diesel engines was about $1900 (excluding engines
for railway motive power). In order to interpret these values in terms
of engine horsepower, other tables in the Bureau of the Census data
were consulted, with the results shown in Figure 24. These data
indicate that the average horsepower of gasoline engines shipped was
about 10, and that the average horsepower of diesel engines shipped
was about 125,

Considering the detail with which applications of diesel engines

{other than industrial) have been dealt under the subject contract, the
value of 50,000 engine shipments per year can probably be assumed
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to exclude most of the unwanted applications. For gasoline engines,
however, the average horsepower estimate of 10 indicates that a

large number of engines already treated in the Part 4 Final Report (36)
on small general utility engines are showing up in the industrial gasoline
engine shipment figures. These engines made their appearance under
the "miscellaneous 4-stroke' category in that report, and the current
population of the category was estimated at 6. 38 million. The category
was assumed to include industrial applications of small utility engines,
so duplication must be avoided here.

The average rated horsepower of engines in the ''miscellaneous
4-stroke'' category was assumed to be 3.86 hp, so if the fraction
of gasoline engines classified "industrial'' in the statistics 37) which
are actually in the small engine category were known, a new average
horsepower and unit value could be computed. The fraction of ship-
ments currently double-classified is not known, but an increasing
series of fractions can be assumed, and the subsequent calculations
should show what fraction is reasonable. This computation is outlined
in Table 53, and it is apparent that a substantial number of engines‘
classified industrial are actually in the small engine group, judging
by the computed average horsepower values.

Estimation of a reasonable average horsepower for gasoline in-
dustrial engines is not straightforward, but a look through listings of
engines available over the past years (28) indicates a horsepower
range from under 20 hp to over 250 hp for non-automotive engines.
Considering that the industrial rating of most engines is very conserva-
tive, that is, it may be only around half the maximum (intermittent)
rating, 55 hp (continuous rating) seems like a reasonable average.
This engine might have a maximum (intermittent) rating of 75 to 80
hp, but it will be considered as rated on a continuous basis for this
report. The result of this computation, then, is that an estimated
132,000 industrial gasoline engines are shipped each year, with the
remainder of those classified ''industrial'' in the Bureau of the Census
data (37) assumed included with other small engines in an earlier
report(36)(that is, 88% of the gasoline engines classified "industrial"
will be assumed to be small utility engines).

! Usage of industrial engines is another unknown, but for the pur-
poses of this report it will be assumed as approximately one-half
that predicted for comparably-sized construction engines by the
relationship shown in Figure 23. These values would be 600 hours
for diesels and 300 hours for gasoline engines. Useful service life
for-industrial engines probably depends to a large extent on type of
operation, but since no positive information is available, the values
of 5000 hr for diesel engines and 2500 hr for gasoline engines will be
used. These figures result in population estimates of 417.000 for
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TABLE 53. COMPUTATION OF INDUSTRIAL GASOLINE ENGINE
AVERAGE HORSEPOWER BASED ON ASSUMPTIONS
ABOUT DOUBLE-CLASSIFICATION OF
SMALL UTILITY ENGINES

Assumed Fraction

Industrial Gasoline Computed Industrial
Engines Currently Gasoline Engine Average Value,
Double-Classified Average Horsepower Dollars (Fig. 24)
0 10 120

0.10 11 120

0.20 12 170

0. 30 13 200

0.40 14 220

0. 50 16 280

0.60 19 370

0.70 24 510

0.80 35 400

0. 85 45 420

0.88 55 450

0.90 65 480

0.92 81 520

0.94 106 600

industrial diesel engines (where imports and exports are assumed to
balance) and 990, 000 for industrial gasoline engines (where 10% of
production is assumed to be exported).

B. Development of Emission Factors for Industrial Engines

The duty-cycles of industrial engines are undoubtedly of many
types, but no specific information is available on them which would
permit computation of emission factors on a rigorous basis. In the
absence of data, a duty cycle termed ''general purpose industrial’
will be used, with weighting factors as shown on the right side of
Table 37 and composite emissions as shown at the bottom of Table 38
(called the 'farm non-tractor' schedule in Tables 37 and 38), The
general purpose industrial cycle is the same as both the farm non-tractor
and general purpose construction cycles, with basis as discussed in
section V. B, This cycle development was the final effort.involved in
achieving the secondary objective of modifying existing procedures,
which was mentioned in section II.

Composite emissions for the category of industrial engines were
determined by weighting emissions from each of the test engines as
shown in Table 54. This weighting procedure is not an-attempt to
reconstruct the industrial engine population, but is rather intended to
compute reasonable emission factors only. These category composite
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TABLE 54. COMPUTATION OF COMPOSITE BRAKE SPECIFIC EMISSION FACTORS
FOR INDUSTRIAL APPLICATIONS OF HEAVY-DUTY DIESEL
AND GASOLINE ENGINES

*Assumed
Fraction of
Category Contribution to Category Emission Factor, g/hphr

Engine Type Engine hp hours HC coO NO,, RCHO 8O, Part.
Industrial Allis-Chalmers 3500 0.08 0. 044 0.255 0.864 0.013 0.072 0,072
Diesel Caterpillar D6C 0.05 0.005 0.045 0.239 0,004 0,043 0.020
Detroit Diesel 6V-71 0. 40 0. 282 0.724 9.40 0.048 0,372 0.083
International Har, D407 0.15 0.374 0.834 1.23 0.028 0.135 0,285
John Deere 6404 0.07 0. 225 0.209 0.388 0.060 0.066 0.094
Mercedes-Benz OM636 0.05 0. 052 0.188 0.142 0.013 0.055 0.100
Onan DJBA 0. 05 0.075 0.206 0.312 0.008 0.065 0.104
Perkins 4,236 0.15 0.064 0.572 1.47 0.039 0,123 0,244

E = Category Composite Emission Factors = 1.12 3.03 14.0 0.21 0.931 1.00
Industrial Ford G5000 (G256) 0. 35 2.07 50. 4 2.40 0.10 0.083 0.114
Gasoline Hercules G-2300 0. 40 2.38 76.0 1.57 0.064 0,103 0.096
J. I. Case 159G *%0, 05 0. 383 14. 4 0.110 0.028 0.014 0.015
Wisconsin VH4D 0.20 1.85 58.6 1.08 0.028 0.068 0.102
Z = Category Composite Emission Factors = 6.68 199. 5.16 0.22 0,268 0,327

*assumptions are arbitrary and do not reflect actual market or population
percentages - see discussion p. 87

**low weight given the Case engine's emissions because it was erroneously run
with high restrictions - see discussion p. 26
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factors could be made much more rigorous if more data were available
on the makeup of the population of industrial ergines in service.

C. Estimation of National Impact for Industrial Engines

Using essentially the same methods as used for farm and construc-
tion engines, impact estimates have been made for emissions from
industrial engines. The same assumptions on crankcase vent and
evaporative losses were made for industrial engines as were made
for construction engines (section VI.C.), except that all industrial
engines were assumed to have evaporative losses of 3g/(gallon tank
volume day). This latter factor is the same as assuming that half
the gasoline engines had protected tanks and the other half had unpro-
tected tanks. In addition, the annual days of usage for industrial
engines was assumed to be the same as for construction engines in
each region. When combined with the assumption that industrial engines
are distributed in proportion to population (9.4% in the Northern region,
55.6% in the Central, and 35.0% in the Southern region) (38). the weighted
mean season for use is 248 days, which is the period over which evapora-
tive emissions were assumed to occur. For gasoline engines averaging
55 hp, the nominal fuel tank volume computed was 25 gallons.

Impact estimates based on the assumptions and data presented
alone are given in Table 55. Gasoline engines appear to dominate the
hydrocarbon and (especially) the CO emissions, while the diesels produce
considerably more NO,. Table 56 gives a comparison of industrial
engine emissions to revised 1970 EPA Air Pollution Inventory Data
indicating that industrial engines make small but significant contribu-
tions only to national totals of CO and NOx. Industrial engine contribu-
tions to hydrocarbons, SO,, and particulate appear to be minimal.

To develop a breakdown of emissions from industrial engines on
a seasonal, regional, and urban/rural basis, it will be necessa .y to
make several assumptions. First, it will be assumed that industrial
engines are distributed in proportion to population. It will also be
assumed that the distribution of annual operating time follows that
developed for estimation of evaporative emissions, and that the engine
distribution among urban/suburban and rural areas is proportional to
the (urban + suburban) and rural populations, respectively.

The results of this analysis are given in Table 57, indicating that
about 74% of emissions from industrial engines may occur in urban/
suburban areas. The table also shows that about 20% of industrial
engine emissions occur in winter, 30% in the summer, and 25% each
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TABLE 55. NATIONAL EMISSIONS IMPACT ESTIMATES FOR
HEAVY-DUTY INDUSTRIAL ENGINES

g/unit yr ton/yr Total for Pollutant

Pollutant Engine Type x 10°3 x 10-3 ton/yr x 10-3
HC (Exhaust) Diesel 43,7 20.1

Gasoline 57.3 62,5 82.6
HC (Evaporative) Gasoline 18.6 20.3 20.3
HC (Crankcase) Gasoline 11,5 12.5 12.5
HC (Total) Diesel 43.7 20.1

Gasoline 87.4 95,3 115,
CcoO Diesel 118. 54,3

Gasoline 1710, 1860. 1910.
NOyx as NO2 Diesel 546, 251,

Gasoline 44,3 48.3 299,
RCHO as HCHO Diesel 8.2 3.8

Gasoline 1.9 2.1 5.9
SO, as SO, Diesel 36.3 16.7

Gasoline 2.3 2.5 19,2
Particulate Diesel 36.0 17.9

Gasoline 2.8 3.1 21.0

TABLE 56. COMPARISON OF HEAVY-DUTY INDUSTRIAL ENGINE
EMISSIONS ESTIMATES WITH EPA NATIONWIDE AIR
POLLUTANT INVENTORY DATA

1970 EPA Inventory Data, Heavy-Duty Industrial
106 tons/yr(27) (Revised) Engine Estimates as % of
Pollutant All Sources Mobile Sources All Sources Mobile Sources
Hydrocarbons 27.3 15.2 0.421 0.757
ofe] 100. 7 78.1 1.90 2.45
NOy 22.1 11.0 1.42 2.72
SO« 33.4 1.0 0. 06 1.9
Particulate 25.5 0.9 0.08 2.33
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in fall and spring. On a regional basis, about 8% of these emissions
occur in the Northern region, 54% in the Central region, and 38% in
the Southern region (regions defined in Appendix H)., Compared to the
distribution of population quoted earlier, the emission estimates are
weighted less heavily toward the north and more heavily toward the
south due to the graduation of assumed working season length from

north to south,

TABLE 57. ESTIMATE OF SEASONAL, REGIONAL, AND URBAN-RURAL
DISTRIBUTION OF EMISSIONS FROM INDUSTRIAL ENGINES

Percentage of Annual Nationwide Emissions by Season

Urban/Suburban Areas Rural Areas
Dec- Mar- Jun- Sep- Dec- Mar- Jun-  Sep-
Region Feb May  Aug Nov Feb May Aug Nov Subtotals

Northern 0.72 1.25 1.79 1.25 0.42 0.74 1,06 0.74 7.97
Central 7.66 10.21 12.76 10.21 2.44 3.26 4.07 3.26 53,87
Southern 6.16 6.92 7.69 6,92 2.32 2,61 2,90 2.61 38.13

Subtotals 14.54 18,38 22.24 18. 38 5,18 6.61 8.03 6.61

Totals 73.54 26.43 99.97

In summary, the major assumptions made in computation of national
emissions impact for industrial engines were:

1. Engine shipments as reported by the Bureau of the Census(37),
the total value of such shipments, and the values of the
engines shipped according to power output can be used to
estimate the average power output of industrial engines.

(see pp. 84-86)

2. A high percentage of gasoline engines classified "industrial"
in the Bureau of the Census statistics are actually in the
light-duty engine category covered by an earlier report(36).
(see pp. 86 & 87)

3. Annual usage of industrial engines is approximately one-
half that of construction engines of similar power output,
and service life is 2500 hr for gasoline engines and 5000
hr for diesel engines. Population of industrial engines
can be estimated using the Bureau of the Census shipment
figures and the service life and annual usage estimates
just given. (see pp. 86 & 87)
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Emissions from heavy duty industrial engines can be
estimated by combining results of tests conducted under
the subject program in a reasonable way., (see pp. 87-89)

Engine operating cycles can be estimated by considering
the type of operation most industrial engines undergo in
the field. (see pp. 58 & 59)
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VIII. SUMMARY

This report is the end product of a study on emissions from heavy-
duty diesel and gasoline engines used in farm, construction, and
industrial applications. It is Part 5 of a planned seven-part final
report on "Exhaust Emissions from Uncontrolled Vehicles and Related
Equipment Using Internal Combustion Engines,' Contract EHS 70-108,
The report includes test data, documentation, and discussion on detailed
emissions characterization of eight diesel engines and four gasoline
engines, as well as estimated emission factors and national emissions
impact for each of the three applications separately. As a part of the
final report on the characterization phase of EHS 70-108, this report
does not include information on aircraft turbine emissions, outboard
motor crankcase drainage, or locomotive emissions control technology.
As required by the contract, these three latter areas have been or will
be reported on separately.

Emission measurements on the twelve heavy-duty engines were
conducted in the Emissions Research Laboratory, utilizing several
electric engine dynamometers. Most of the data were acquired by
operating the engines on the "2l -mode'" or '"23-mode" mapping proce-
dures or some variation thereof, with the exception of "transient"
smoke data acquired by using the Federal smoke test procedure.
Gaseous emission measurements were also acquired during transient
operation, but the results did not justify a detailed analysis.

The exhaust products measured included total hydrocarbons by FIA;
CO, CO3, NO, and hydrocarbons (HC for gasoline engines only) by NDIR;
O, by electrochemical analysis; light hydrocarbons by gas chromatograph;
aldehydes by wet chemistry; particulate by gravimetric analysis; and
smoke (diesel engines only) by the PHS light extinction smokemeter.
Evaporative losses of gasoline, crankcase vent hydrocarbon emissions
from gasoline engines, and S50, emissions were calculated rather than
being measured. Emission factors and national impact were computed
(separately for each of the three applications) for total hydrocarbons,
CO, NOyx, RCHO (aldehydes), particulate, and SOx.

Reiterating qualifications given earlier in the text, the major
assumptions made in computation of national emissions impact for farm
equipment were:

1. The 1972 populations of farm tractors and other major

items of powered farm equipment are correct as given

in the literature. (see pp. 47, 48, 54 & 56)

2. Tractor usage in hr/yr can be approximated by
450 + 3.89 (hp-50) - 5.45 (age, yr). (see pp. 54 & 55)

3. Total operating time for equipment except tractors
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can be estimated from total U. S, crop average
(see pp. 57 & 58)

4. The fraction of tractors of age A; still surv%ving can
be approximated by F; = SiN; = e~0.00155A%  (see
pp. 49, 50, & 55)

5. Diesel and gasoline horsepower in the field can be

approximated using the following considerations;

(see pp. 49, 51-54)

a. large tractors are predominantly diesel

b. small tractors (considering entire population)
are predominantly gasoline

c. diesel market penetration is proportional to
machine size and is increasing linearly with time.

6. Engine operating cycles can be estimated from
manufacturers' operating data, and from consideration
of the type of operation each type of engine undergoes
in the field, (see pp. 58-60)

7. Emissions from heavy duty farm engines can be
estimated by combining results of tests conducted
under the subject program in a reasonable way.
(see pp. 61-63)

The major assumptions made in computation of national emissions
impact for construction equipment were:

1. The service life of construction machinery is 10, 000 to
12,000 hours, and the average horsepower of machines
in several categories is as shown on the next page.
(see pp. 68 & 69)

2. Annual operating time for construction machines can
be approximated by

usage (hr/yr) = 500 + 0.1 (hp) 1.8;

except for tracklaying shovel loaders, off-highway trucks,
and scrapers, for which other data are available., (see
pp. 69 & 70)

3. The life of construction equipment (in years), computed
from service life (in hours) and usage, can be used with
typical annual shipments to estimate number of units in
service, as shown on the next page. (see pp. 69 & 71).
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86

TABULATION OF PERTINENT ASSUMPTIONS AND COMPUTED VALUES FOR CONSTRUCTION EQUIPMENT

Assumed Annual Typical Total *Domestic Shipments
Service Assumed Operation, Computed Annual Over Computed
Category Life, hr Avg. hp hr/yr Life, yr Shipments Average Life

Track Tractors 10, 000 120 1050 9.5 23,000 197,000
Track Shovel Loaders 10,000 65 1100 9.1 10, 500 86, 000
Motor Graders 12,000 90 830 14.5 7,300 95,300
Scrapers 12,000 475 2000 6.0 5,000 27,000
Off-Hwy. Trucks 12,000 400 2000 6.0 3, 850 20, 800
Wheel Loaders 12, 000 130 1140 10.5 14, 200 134, 000
Wheel Tractors 12, 000 75 740 16.2 30,000 437,000
Rollers 12, 000 75 740 16.2 5, 600 81, 600
Wheel Dozers 12,000 300 2000 6.0 500 2,700
General Purpose - 120 1000 - - 100, 000

*including assumption of 10% exports



4. Emissions from construction engines can be estimated
by combining results of tests conducted under the
subject program in a reasonable way. (see pp. 70 & 79)

5. Engine operating cycles can be estimated from
manufacturers' operating data. (see pp. 71-77)

The major assumptions made in computation of national
emissions impact for industrial engines were:

1. Engine shipments as reported by the Bureau of the Census(37
the total value of such shipments, and the values of the
engines shipped according to power cutput can be used
to estimate the average prower output of industrial
engines., (see pp. 84-86)

2. A high percentage of gasoline engines classified "industrial"
in the Bureau of the Census statistics are actually in the
light-duty engine category covered by an earlier report(36),
(see pp. 86 & 87)

3. Annual usage of industrial engines is approximately
one-half that of construction engines of similar povier
output, and service life is 2500 hr for gasoline engines
and 5000 hr for diesel engines. FPopulation of industrial
engines can be estimated using the Bureau of the
Census shipment figures and the service life and annual
usage estimates just given. (see pp. 86 & 87)

4. Emissions from industrial engines can be estimated
by combining results of tests conducted under the
subject program in a reasonable way. (see pp. 87-89)

5. Engine operating cycles can be estimated by considering
the type of operation most industrial engines undergo
in the field. (see pp. 58 & 59)

The estimates of total emissions impact made in this report
are on the basis of engine populations, annual usage, and engine size
and type, rather than on the basis of fuel consumed by the category as
a whole., The decision to base estimates on work output was made for
two major reasons. First, assumptions such as annual usage and popula-
tion composition are easier to deal with in terms of personal experience
than a number for overall fuel consumption which is nearly impoussible
to check. It is also more straightforward to check the smaller
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assumptions statistically, should it be considered desirable at some
point to generate more accurate impact estimates., Second, the validity
of overall fuel usage data is very much in doubt. The Bureau of Mines
off-highway diesel fuel estimates(39 40), for instance, do not include
any heating oil used in off-highway equipment, and all diesel fuel sold
by distributors who sell less than 420,000 gallons of distillate fuel
annually is not reported at all. Furthermore, considering any sort of
realistic need on the part of agriculture, construction, and industry,
the Bureau of Mines off-highway diesel fuel usage estimates simply
seem unreasonably low.

Data on gasoline usage by the Department of Transportation(41)
seem closer to fact, but even these estimates of off-highway gasoline
usage are undoubtedly low because.

1. Gasoline used in lawn, garden, and recreational engines,
outboard motors, and off-road vehicles is largely
purchased through normal retail outlets. Such fuel
is taxed and included with on-road fuel estimates.

2. Construction and industrial concerns which operate
both highway and off-highway equipment often buy
fuel for all uses at once, and do not go to the trouble
of securing tax exemption for the (sometimes
relatively small) amounts used in off-highway
equipment. The part used off-highway is thus taxed
and included with on-road fuel estimates.

For clarity, estimated emissions from F, C, & I engines as per-
centages of revised 1970 national totals from all sources and mobile

sources are presented in the following tabulation. As shown above,
National Total Used Percent of National Total for Pollutant
for Comparison Application HC CO NO, SO, Part,
All Sources 1970 Farm 1.0 3.8 2.2 0.11 0.21
{Revised) Construction 0,47 1.3 3.9 0.20 0.26
Industrial 0.42 1.9 1.4 0.06 0.08
Mobile Sources 1970 Farm 1.9 4,9 4,5 3,7 6.1
(Revised) Construction 0.84 1.7 7.8 6.7 7.2
Industrial 0.76 2.4 2.7 1.9 2.3

these estimates are highly qualified, and should be used only with full
knowledge of the accuracy of data and assumptions used in arriving at
them. In the regional order Northern-Central-Southern, emissions from
farm engines are estimated to be distributed 16%-49%-35%, those from
construction engines 8%-50%-42%, and those from industrial engines
8%-54%-38%. It is also estimated that 75% of construction equipment
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emissions and 74% of industrial engine emissions occur in urban/suburban
areas, while virtually all emissions from farm equipment occur in rural
areas.

The categories of engines covered in this report appear to make
some significant, but not major, contributions to national pollutant totals
from man-made sources. It should be recognized, however, that the
estimates are based on many assumptions and data items which are un-
proven, but as reasonable as possible. If more precise estimates are
to be made, a great deal of quantitative information on engine population
and usage must be gathered as a prerequisite.
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APPENDIX A

GRAPHICAL PRESENTATION OF
EMISSIONS FROM DIESEL ENGINES USED
IN FARM, CONSTRUCTION, AND INDUSTRIAL APPLICATIONS
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APPENDIX B
DATA FROM FEDERAL SMOKE TESTS

ON DIESEL ENGINES USED IN FARM,
CONSTRUCTION, AND INDUSTRIAL APPLICATIONS
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FEDERAL SMOKE TRACE EVALUATION

Vehicle Date W /22/712 Evaluated by J.W.
Engine Model ALLIS -C AALMERS 3500 Run No. 1

Accelerations

First Sequence Second Sequence Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %

| 215 | ] 27.0 ! 29.0

2 38.5 | 2 272 2 36.5

3 433 | 3 28.0 3 43,2

4 46.0 4 LI 4 48.0

5 440 5 400 | 5 49.5

© 38.5 G 40.5 o 42.0

7 36.0 7 365 7 39.0

8 26.0 8 35,0 o) 40.0

9 2)7.0 | 9 23,5 9 36.0

\0 1.5 | 10 33.0 10 31.5

11 s\1.0 ] 28.5 v 22.2

12 40.0 12 44 .5 V2 49.0

E 24.0 A3 28.0 E 42.0

4 R 14 235 | 4 34.5
3 27.5 15 285 ' 5 2n.S5

Total Smoke % 556.3 535.2 S80. 2

Factor (a) 177077 = 27,2 %
45
Lugging
First Sequence Second Sequence Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %

1 29.0 \ 28,0 1 20.0

2 29.0 z 28.5 2 0.5

3 2.2 3 29.0 3 29.5

A 29.0 4 8.5 4 32n0

Ll .S 295 s 20.5 s 22.0

Total Smoke %  v47.7 144.5 153.0

Factor (b) 445.2 - 29.7 %
15

Peak Readings

First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke T Interval No. Smoke %

nA [ si0 12.A | 445 | vaa 1T Tavo %
. 7 S I ~ N ah 4.5 ﬂ_ SA | 485 |
B sA 44.0 o A 0.5 | 4 A 46.0 |
Total Smoke % 141.0 126.5 145.5
Factor (c) = 413%.0 - 45.9 /s

9




Vehicle

FEDERAL SMOKE TRACE EVALUATION

— Date
Engine Model CATERPILLAR DGC

Accelerations

First Sequence

WY WA F)

Second Sequence

Evaluated by
Run No.

J0W.

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
| 3.5 [ B.5 | 9.0
2 3.5 2 9.0 2 10,0
> B.2 E) 0.4 3 9.2
4 7.5 4 .0 4 7.0
5 55 5 6.5 5 4.5
) 5.0 G 3.5 G 4.\
] 3.0 7 3.0 T 3.0
8 2.6 8 3.0 8 4.0
9 2.0 9 3.2 9 3.0
10 3.0 10 3.5 10 4.5
1 ©.0 iy 3.4 ' 3.5
12 2.9 12 2.4 12 4.5
1 2 2.7 13 2.0 13 ER-)
14 2.2 14 2.6 14 2.4
i g 2.5 (=Y 2.\ \5 2.6

Total Smoke % 70.5 4.8 75

Factor {a) - 210.4 = 4.7 %

Lugging

45

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
\ 2.5 | 2.5 | 2.2
2 2.2 2 2.5 2 2.4
3 2.4 3 2.7 3 3.0
4 2.9 4 2.6 4 6
5 2.3 =Y 2.1 5 2.2
_Total Smoke % 12.3 12.4 1.4
Factor (b) - 26. | 2.4
15

Peak Readings

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
1A 8.5 VA 8.5 | A 9.0
2A 8.5 2A 9.0 2A 10.0
3A 8.2 SA 6.5 A 9.2
Total Smoke % 25.2 24.0 28.2
Factor (c) = 77.4 8.6 %
9




FEDERAL SMOKE TRACE EVALUATION

Vehicle Date 10/12 /72 Evaluated by  J. Wl.
Engine Model DETROIT DIESE( ©V-T7) Run No. 1
Accelerations
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
1 3.0 | \ 2.0 | ] 2.0
2 4.0 2 2.8 2 4.3
3 3.3 3 3.0 | 3 4.3
A 3.2 4 3.2 | 4 3.7
5 2.8 5 2.5 | s 2.2
6 2.7 o Lyl © 2.0
7 () 7 .3 1 1.8
8 L3 8 1 () .7
9 A 9 0.9 9 A
\0 1.0 10 0.5 10 1.0
31 \.0 1) 0.7 Ay 0.9
12 1.0 ' 2 0.7 12 0.9
13 ) 13 0.6 13 0.9
14 0.9 14 0.6 14 0.9
1S 0.9 \ S 0.6 =] 0.9
Total Smoke % 28.9 22.7 2.\
Factor (a) 79.7 = 1.9 %
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
| 1.7 \ 1.2 \ 2.0
2 1.3 2 V.2 2 (P
3 1 a3 3 0.9 3 .0
4 .G 4 0.9 4 1.0
|l .5 1.4 = 0.9 s 1.0
Total Smoke % 7.3 5.1 6.\
Factor (b) 18 .5 = 2 %
15
Peak Readings
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
. zA__ ] Tawn 4A 3.2 2A | a3 |
Y _M_{_ 33 3A 3.0 R L"_ “as |
oA 3 ZA 2.8 aA B T
Total Smoke % 10.5 9.0 12.3
Factor (c) = 21.3 - 2.5 %

9




FEDERAL SMOKE TRACE EVALUATION

Vehicle

Date 5/24/72 Evaluated by J. W),
Engine Model 1.1, D407 Run No. |
Accelerations
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
! 24.0 | 32.0 | 22.0
2 37.3 2 28.2 2 20,3
3 28.0 2 23,0 3 27.5
4 25.0 4 21.0 4 23.5
£ 21.0 5 17.5 5 19.2
© 182 © 15.9 © V1.1
7 g 7 13.0 7 15.0
8 4.9 8 12.6 8 14.5
9 14.0 9 14.2 P 2.0
10 137 10 13,5 10 12.6
i\ 1 2.6 1 ) |} 14.5
12 120 12 13.4 12 V2.5
| 2 1T 13 V2.5 12 12 4
14 Py 14 11.4 | 4 2.9
15 12.06 ) 12,1 15 4
Total Smoke % 274.3 252.2 253.58
Factor (a) = 786.0 = 17.5 %
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
\ 18.0 \ 19.0 | 18.0
2 1R.7 2 20.} 2 1.2
2 19.2 3 20,5 ) V&G
4 | 8.8 4 19.4 4 17.9
s 18.4 =N 18.8 = 18,4
Total Smoke % 9321 97.8 91.2
Factor (b) 2821 8.8 7%
15

Peak Readings

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
| ZA 37.3% A 32.0 ZA 0.3
A 28.0 ZA 28.2 3A 27.5
4 A 25.0 3A 23,0 A A 23.5
Total Smoke % 90.2 832.8 8\.3
Factor {¢) = 255.4 a 28.4
9
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FEDERAL SMOKE TRACE EVALUATION

3/8/72

Vehicle Date Evaluated by J.\W.
Engine Model DEERE G404 Run No. ]
Accelerations
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
1 80.0 | | 85.6 l 75.0
2 775 2 16.0 2 84.0
3 75.9 3 851.8 3 193
4 ©9.2 4 B86.0 4 86.0
) ©7.0 5 8713 5 ©9.0
© 72.5 © 81.0 ) ©2.0
7 6.7 7 ©9.9 7 .0
o) 7.8 b ©9. 1 8 ©9%.0
9 4.8 S 71.0 b 517.6
10 590 'O 59.0 1O 54.0
1y 560.5 v 50.0 \ 50.0
12 46.0 1 2 44.0 12 432.0
12 40.5 1 3 445 13 34.0
P4 45.0 ' 4 49.0 1 4 c1i.8
1 5 50.0 \ 5 42.5 15 47.5
Total Smoke %ﬁi 1017, 3 333.2
Factor (a) 2890.0 = 64.2%
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
| 21,0 | 24,0 ] 22.5
2 22.5 2 26.0 2 21.5
2 22.0 3 27.0 3 24.5
4 24.5 4 268 4 24 .4
5 29.0 ) 27.5 5 22.1
Total Smoke % 11%.0 1313 125.0
Factor (b) 375,32 25.0%
15

Peak Readings

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
i A 80.0 1A 85.6 2 A 84.0
Y 97.5 4A 86.6 3A 193
3A 75.9 5A 57.3 4 A 86.0
Total Smoke % 223.4 259.8 249.3%
Factor {(¢) = 742.2 = 82.4 %
9
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FEDERAL SMOKE TRACE EVALUATION

Vehicle

Date 1/2G6/73

Evaluated by X . H,

B-7

Engine Model MERCEDES OMG36 Run No. 1
Accelerations
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
) 12.0 | \ 12.5 \ 19.0
2 18.5 | 2 4.5 2 0.5
3 8.5 | 3 9.5 3 10
4 3.8 4 16.0 4 9.5
5 9.0 s 9.0 5 6.0
© 1.3 © 5.0 © 7.3
1 1.6 | 7 8.2 7 1.0
8 9.5 8 10.0 ) 10.0
9 1.5 9 1.0 9 9.1
10 ©.8 \0 2.0 10 8.2
V) 7.0 Vi 65 L 8.0
12 1.3 2 12.0 \2 9.5
13 5.0 1) 11.0 13 9.0
1 4 7.0 14 2.4 V4 10.0
'S 7.0 \5 8.0 'S 0.0 |
Total Smoke % 131.B 47,2 150.2
Factor (a) 429.2 9.5 %
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke T
] | 9.8 | 10.0 [ .5
2 1.2 2 8.8 2 3.5
3 9.5 3 V0.0 o) 0.4
4 10.2 4 10.5 4 '3.0
5 10.0 ) 9.5 5 13.5
Total Smoke % 50.7 48.8 57.9
Factor (b) 57,4 10.5 %
15
Peak Readings
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No.  Smoke % _
'__ 2A 18.5 2A ] 14.5 1A | 19.0 |
VA 12.0 LA 12.5 5L 13,5 |
T .2 12 A 12.0 4L 13,0 |
Total Smoke % 41.7 39.0 45.5
Factor (¢) = 1206.2 14.0 %
9




FEDERAL SMOKE TRACE EVALUATION

Vehicle Date 10/6 /72  Evaluated by J.W.
Engine Model PERKINS 4.236 Run No.

Accelerations

First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
\ 15.0 | \ 8.5 ! 12.5
2 6.5 2 8.5 2 8.5
3 4.9 3 a.b 3 4.8
4 b.4 4 4.5 | 4 Sa
5 6.0 s b.2 5 6.\
© 4.5 b 6.0 o 5.3
7 4.4 7 5.2 7 4.7
8 4.6 8 4.5 % 3.9
? 5.2 9 4.5 9 3.9
10 5.2 10 4.5 10 4.2
1\ 5.0 v 4.5 (R 3.9
12 5.4 12 4.6 L2 4.0
E 5.5 13 4.5 13 4.0
14 5.8 14 5.1 14 4.4
'S 55 \S ©.0 1 5 4.4
Total Smoke % BY.7 851.8 80.2
Factor (a) - 25\.8 5.6 %
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
\ 8.5 i 9.0 ' 2.6
2 2.5 2 8.5 2 6.8
3 N 8.5 3 8.5 3 8.2
4 8.5 4 9.5 a 2.3
5 8.9 S 9.5 =3 8.5
Total Smoke % 43.9 45.0 28.4
Factor (b) 127.3 8.5 %
i5
Peak Readings
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
! 1A ~ 15.0 aL 9.5 1A 1.5 |
2L 9.5 5L 9.5 2A 8.5 |
L s | "B L 9.0 s [ s
Total Smoke % 33.4 28.0 29.5
Factor {c) - 90.9 - 0.1 Y
9
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APPENDIX C

TABULAR PERFORMANCE AND EMISSIONS
DATA ON DIESEL ENGINES USED IN FARM,
CONSTRUCTION, AND INDUSTRIAL APPIICATIONS



ENGINE|OBSERVED| AIR | FUEL |TEMPERATURE °F [RESTRICTIONS| FIA |NDIR [NDIR [NDIR [C.L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, |INTAKE FUEL EXH- [INTAKEIEXHAUST| HC, | CO, [COz, | NO, | NO, |NOy, *
MODE | RPN hb B /e [ /he | ATR AUST [in H,0({tn Ny [PPmC| bpm | o4 | Ppm | ppm [ ppm | 7
| Boo| | 3Lz| 28| 72 | 74 | 325| 12 | 9.0 {240 | 194 | 139 | 232 | Zo2| 220 |/
2 {1500 |——| (31 | 5.9 72 72 342 | 53 |o.2 | /88| SbL | v12 ] 273 | 231 | 268 |—
3 |Isoo (5.5 L38 | 99 71 69 428 | &5 0.2 158 | 394 305 b3b | 56| blo |—™—
4 |I1so0| 305 |bLoo|146 | 72 | 68 | S2q4 | b0 (03 | 188 | 314 426| 979 | 86| 938 |—
5 (1500 | 450 665192 72 X3 b47 | 6.1 1 '0.3 | 228 26l | 545|129 [1221|1264 |—
© |1800| bo.o 688 (250 ] 72 9 770 | b5 | 9.4 240 | 342 b45|!582 |1455 1511 | —
7 {1500 | 150 721 (362 | 1 | | 90r | 12 | 0§ | 186 S20] 7.45|/822|1618 |1686 |——
B |1500| 90,0 766 364 | 72 1027 | 8.2 |96 196 | 887| 245|203 1898 (1953 |——
9 1500 | s0s5.0 779 (407 | 13 | 73 (/153 | 8.9 |o.p | 1322379 442122041958 1985 |——
10 | 1800 | (20.0 793 (480 | 72 74 17294 ji10.1 | 0.9 S$6 4911|1014 | 2088 1859 | 1912 | —
VY Beo || 352| 2.8 | 72 98 | 332 1.0 | po | 248| B823| 33| 233 | 21 | 24b|—
V2 12200 199.0 {1349 |60.7 72 72 l1z03 (285 | 1.9 J2%| 14| 8. 1692 1609 (1636 |——
V3 |2200) j3p.0 (1268 (525 | 92 | 76 [l11& (250 | .8 | IS0 | 398 | 7.72|/é80 |i535 | 1590 | ——
| & (2200) 5.0 |1212 %D | 73 76 /039 |23.0 | |.& | 148 | 30S| b98|/430 1353|1367 |——
15 (2200 91,7 1145393 73 77 | 956 [20.4 1.3 | 148 | 271 | 6.38(/233 |li40 (1154 |— |
16 2200 74.1 1o 337 | 93 7% | 8771192 | )1 | iS6| 2b0| cq2|1023 | Jb6 | T80 |——
|7 |2200| $5.7 1040 |272 | 93 76 | 183|165 | p.9 | s60| 238| 498| 843| 794| 199 |——
18 [2200| 3249 994 (216 | 13 17 | 689|150 | .8 | 170| 252| 4.18| 640| 07| &26|
'S |2200| 5.3 941 [157 | 13 76_| S0 (132 | o b | 15| 267] 3.26] 443| 527| S4b|—
20 (L2000 — | B95|/0.9 13 17 | 482 /2.4 | 0.5 | 172 346| 2.25| 26/} 241] 27|
2V | Boo|— | 361,23 | a3 | 11 [ 2% | -] | 0.0 | 300 B890| 133 /M| 1| 223{—
ENGINE _ALLIS-CRALMERS 3500 DATE i/_ze_/g__z WET BLUL® TEMP,°F £6

RUN | BAROMETER . in Hq 29.50 DRY BuLB TEMP, °F _74¢



ENGINEJOBSERVED]| AIR | FUEL [TEMPERATURE °F |RESTRICTIONS) FI1A [NDIR [NDIR|HDIR |[C. L. [ C. L. o
SPEED | POWER, [FLOW, [FLOW, [INTAKE EXH- INTAKE[Exnavsy] HC,| CO, | O, | NO, | NO, [NOy, 2,
MODE [ RPM | hb "/ "/he | AIR FUEL) post in H,0[tn Uy [PPMC| ppm or L ppm | phm | ppm | %
) | Boo| = 3s5| 29| 92 | 16 | 32| 1.3 | 0.0 | 288|433 | 1.32| i82 | 159 | 209|——
2 y1500 || 431 | 59 | 92 | 74 | 339) 56| 0.2 | 240 | 20| 173 | 253 | 205 | 282 T
3 |i500 15.0 bgqg | 29 | 12 72 831 | 56| 0L |198 | 445 | 2.06| 544 4,.__‘}_92:‘-5311:
4 |1500] 300 |66z | 198 | 7 | 90 | 539| 60 | 0.3 [214 | 340 | 42| 87| BOF| B56| T
5 |/s00| 450 | 6713|198 | 92 | 70 | 58| oz | 03 |254 | 274 | 533]i1202 [1057 1142 | ——
G {Is00| ¢bo.0 706 laso | 72 70 | 119 | b8 i 0.3 | 2561219 | L.s3|14%4 [1293 |/336|——
7 |1se0] 956 | 133307 13 7 | w4 | 72| 04 |248 | 524 | 740|706 |1486 | /554 |
B |/s00 90.0 | 773 | 36.6 A 72 1031 8.2 0.6 {220 | 527 | 846[/9/6 {1689 |1743 | —
9 |ts60| ;050 Bl6 430 | 13 74 (1S5 | 8.2]1 0.7 | 114 |-asp| 9.38|2070 (1803 /870 |——
10 |i500| 1196 | 8431497 | 13 | ns |/29¢ | 10,6 | 0.8 | o2 4200 9.90|2009 |1695 |)149 |——
V) | Boo|=———| 3494 | 26| 13 | 97 | 422 40 |00 [192 | 689| 123] 285| 244 | 290|——
V2 (2200 1570|1390 | 611 73 | 73 |8z l29.6| 19 |142 | 680 | 7499|1621 {1383 1493 | ——
V3 12200| 132.0 1366 |Sq.6 | 73 | 76 (123|274 | 1.7 | 152 | 436 | 160|552 (1375|1919 |——
\ 4 |2200| 14.0 |1285\q9.5| 13 | 77 |1048|29.9 | 1.5 |160 | 294 | £94]1347 |1206 | 1247 ——
15 j2200| 94.4 1196 | 4.0 13 171 467 |22.0 | 8.3 1162 | 247 | 6490 1IBB (/057 | )08 | —
16 |2200| 156 | 1138|349 | 74 | 77 | 885|208 | 1o | 158 | 235 | s.08| 958 | 871 | 88E|——
|7 |2z00| $65 |l079|28b6 | 14 77 | 793 |18.0 | 0.9 |172 | 22¢| 4.88| 772 11 | 720/ —
18 |zz00! 38.) l022)|22.4 | 14 78 | 6981 16.0 1“0“"?'” 184 | 238 | 445 | b1 | £37| S40|—]
V9 (zzo0| 9. 972|166 | 72 78 | 591143 | 0.¢ | 178 | 2531 3.3p| 427 | 380] 337 |
20 |2200|———| 939| 16 | 12 | 78 | 495|122 | o5 | 186 | 292 2.23| 248| 218| 244|—
2\ Boo| ——— | 2494| 2.6 72 79 2801 .| o0 |320] 829| 1.22| 186 | 151 Zp2{——
ENGINE ALLIS-CRALMERS 32500 CATE /M /30/72 WET BULB TEME,°F S2

RUN 2. 6AP\O“"E1—EQ . LV\ \\\(3 2‘?46 DR\I BULE TF_MP, oF 69



ENGINE|OBSERVED| AIR | FUEL [TEMPERATURE °F |RESTRICTIONS FI1A |NDIR [NDIR |[NDIR [C.1. | C. L. o
SPEED [ POWER, |FLOW, | FLOW), [INTAKE EXH- [INTAKE[ExHAuST) HC, | CO, | COz, | NO, | NO, |NOy, *
MODE | RPM hp B /e | e | ATR FUEL pust in H0[tn Hg [PPmC| Ppm | 9% | Ppm | pbm |ppwm | 7
| Boo| ™| 343| 2.6 13 74 253 1.4 o.0 | 272 836 129 | 192 | 220 24 |——
2 (1500 | ——| Lag| 579 73 14 317) 54 | vo | 224 608 p53 | 212 | 216 252 |~
3 [1so0] 150 643 | 98 | 14 | 14 | 41| 55 | 02 | /80| 432| 219 | 539! 525| 593 —
4 |1500| 30.0 L72 | 146 | 13 13 | 524| 54 | 0.2 | 1% | 340} 398 799 | 185| 891 | T
5 11500 45.p 73 | 194 72 14 644 | 6.0 j 07 {234 | 2846| S.UB | iv90 |[10Sb|1099 |—
G |1s00| boo | 106 |25 | 72 | 95 | a5 11 0.3 | 232 3p7| 6.39 /319 |1225]128) | ——
7 |1S00| 950 | g [305 | 13 | 17 | 909 | 1.5 | 05 | 224 | 497 | 7.4L |)570 (1486 | /513 | —
B |/Is00| 900 | 778|364 | 73 | 18 |i0ag| 83 0.6 | 206 | 789| 8:39 |/83] |ieé2]1703 | ——
O |Isoo| 1050 196 | 42.5 | 74 N7 1Ns3] 98 | o4 | 142 (2477 | 925|198 | 1845|1872 ——
10 (/500 ]| 118.D 816 | 499 74 19 1300 |/0.4 | 0.8 b8 (4522 995 | 1316 | 171051732 |——
by Boo| —— | 332 | 2.4 | 973 83 421 1.0 |00 | 212 | 557 119 | 306 | 253 | 258 |——
V2 |2200| 150.0 (/389 | 0.5 | 73 97 (1187 (290 | 1.9 128 | 642| 799 |/543 (/1395|1423 | ——
V2 |2200] /32.0 1337|545 | 714 79 1129 220 | 17 146 | 387]| 759 |'494 |1360 | /388 |——|
\ 4 (2200| 114.0 1282| 48.0 | 15 8i 10b4 |24.8 | I'S | 152 | 24b| 679 |!3!3 | 178 (1206 )| ——
|5 |2200| 944 | 1198|415 | 94 | Bp | 973 [22.3 | L3 | 150 | 242 629127 | 1019|1047 |——
16 (2200 955 | 130|345 | 14 | p | 88L(/9.9 | s | 128 | 213 | s52| 124 | 85¢| ges |——
|7 |2200| 515 [1078] 282 ] 72 | 8I 797|180 | 0.8 | 6o | 203| 486 | 7S | 703| 707 |——
18 (2200f 38.1 |1015|220] 73 | 8) 701 | /60 | 07 | 118 | 217 | 406 | S92 | 523| 53} | —|
19 |2200] (9. 979, 162 | 74 | 8! | 598|749 | o6 | 170 231 | 32| 932 | 379 394 |—
20 (2200 — | 943 H.5 | 74 81 5011130 | o= | 118 27| 209 | 25 20| 247 —
21 | 8o0| | 243 24| ¢ | 82 293 12 | 2T [3o00] 769 113 | 191
ENGINE ALLIS-CWALMERS 3500 DATE i_/f_e/_77__ WET eULB TEME,°F S4

RUN = EAROMETIR, LnWly 29 47 DRY BULB TEMP, °F_72



S-D

ENGINE |OBSERVED A\R_-\ FUEL [TEMPERATURE °F |RESTRICTIONS| FIA |NDIR |[NDIR |[NDIR {C. L. [ C. L. 0,
SPEED | -POWER, |FLOW, | FLOW, |INTAKE EXH- (INTAKE[ExwausT HC, | CO, | COz, | NO, | NO, |NO,, ’
MODE | RPN hp P e "’-/,\, AR FUEL AUST |in H,0|tn Ky |PPmC] PPm | % | PPm | Pbm | pbm A
I 1 800 | ™™™ 394| 2.6 | 13 87 | 354 | 1.3 | po | 268| 959| 1.56| 201| 188 | 223 ——
2 |1500 |————| k24| 4 | 74 | 84 | 350 | 54 | 0.1 | 224| 45| 172| 252 216 | 262|——
3 isoo | 150 | baz| 96 | 74 | 81 | 44B| 58 | au | 186 467| 2.83| 569 | 529| 591 |——
4 |Iseo | 29.¢ | bso| a0 | 7] | 719 | 534 $9 | 02 | 202| 360| 4.08| 886| 8Se| 913\
5 |lsoo | 44.0 672 1 18.8 | 93 79 | 50| 6.0 | 9.3 240! 298| s.44| 1213 [ 1151 | J20q|—
G |1s00| 590 | 70624t | 93 | 80 | 773 | b4 | 0.4 | 254| 353| 6.49]| 1449 |!397 |1452|— |
7 |iseo | ng.0 | 7220298 | 12 | 82 | 902| 1.5 | 0.5 | 290| 544| 7465|1681 [1577|164S | —
B |1so0 | g3.0 | 758|354 | 72 | 82 |io/9 | BO | o | 230| 925| 8.58/)887 |1789 1844 | ——
O 1§00 | 104.0 | 786 (415 | 74 | 8q |1143 | 90 | p2 | 156(2274| 4943|2065 /1893 | 190 ——
10 (/1500 1i3.0 832 495 | 75 | B8 |12088 |10.1 | 0.8 3214670|10.00{1978 [ IB34lia 49 |——
'\ | oo |——— 1 332| 2.9 | 93 | 88 | 425| 10 | po |220]| 66i| 1.33] 275| 254| 293 ——
V2 |2200| 149.0 (1388 (603 | 74 | 85 [1/8S |29.0 | 1.9 | [/bo| 677| 8.1 |1633 | 15271598 | ——
13 12200 121.0 1337|540 | 14 | 86 |1129 |225 | 18 | 168 | 410 | 7192|1546 | 1447 ] IS08 | — |
V& 2200 1.0 12831469 | 15 87 |1050 |24.3 | s | 172 269 | 6981360 |1326] 1368 ——
1S |2200| 2.4 [ 149 {404 | 7 87 | 962 |22:0 | 1.3 | 174 | 223 4,52]|1184 [ 11391160 | ™
16 {2200 44, 11323240 | 73 | 87 | 884 198 | 4 | 176 | 225 | 578]| 979 | 952| 980 |——
{7 |2200| 5592 10692719 | 74 | 87 | 7199 {1715 | p9 | /84| 215 | Sos5| Bo4 | 172| 790 ——
1 |2200| 34,9 [te29| 221 | a | 87 | 699 |60 | 077 | 200 229| 49| 17| 6l | 17,
19 22900 4.3 907 | 161 | 93 | 86 | 591 |/14.5 | 0.5 | 190 242 3.24| 431 | 4l | 436
20 (2200 ——— | q34 | 14 | 95 | 87 | 499 |13.0 |04 | 192] 24| 2279 253 228| 268 —
21 | Boo\— | 343| 2.9 | 95 | BB | k84| 12 |0 | 340] 823| 1.26] 2p2| 16| 2/7—/—
ENGINE ALLIS —CAALMERS 3500 DATE ¢/ /48/72 WET BULLE TCME,°F 65

RUN 4 EAPROMETER , (n \\3 29.44 DRY euLp TEMP., °F 1



ENGINE|OBRSERVED| AIR | FUEL [TEMPERATURE °F |RESTRICTIONS| FIA [NDIR [NDIR [NDIR [C.L. | C. L. o
SPEED | POWER, |[FLOW, | FLOW, [INTAKE EXH- [INTAKE|ExnausT) HC, | CO, | COz, | NO, | NGO, {NO,, =
MODE | RPM hp \b"/‘" \b“/“ AR FUEL AUST |in H,0lLn \-\3 pPmC| ppm A PPm | pbm | Ppm 7
b | Boo|™ | 355| 2.0 | 74 | 11 {342 | 1.0] 0z | 292| 849| 33| 201 | j15| 21|——
2 1500 | ———— | Lzb | 5.5 n4 A 339 50} 02 | 224 590} vir} 274 230 217\ —
3 {15001 140 b49 | 9 | 12 | 14 | 420 S0 | 6.2 | 184 | 368| 292| 599 | 568| 625
4 |1s00 | H0.0 b5Ss 1140 | 73 | 13 | 522 | 6.0 | 0.3 | 204 | 297| 492 | 938| B8} 941 —
5 |isoo 45.5 677 | 192 14 74 | b43 | b5 | 004 | 24¢ 22b| 5.4§| 1231112221279 |—
G (1500 bo.0 727 | 24.4 12. 1 15 | 780 20 | 0.9 254 282| b.t6| I1S10[)484 | 1526 | —
7 /52| 950 | 737|806 | 23 | 97 | 905 | B0 | 0§ | 240 | 707| 145|1100/lb4S  ibT72 | ——
8 {1500 gos 769 | 86.0| 74 77 l1o24 | 15 | o5 | 208 773| 8.65) 1952|1811 | 1953 |——
S |1zoo | jpq-0 | Bl | 42.5] 94 | 9 (153} 90 |08 |13% | 2024| 9.44{2090|1962|Z002|——
V0 (1500 | 120.0 8S0 | 446.5| 74 Bp [1299 | /0.0 | 0.8 59 |41b7|10.15/2045|1900| /927 |—
'\ | Boo|—— | 343| 2.5| 13 82 | 45| 1.0 | 0.2 |264 77| 133 z92) 163| 192 |—
V2 (2200 146.0 |1353(69.6 | 74 217 [N75 128.0 | 1.9 142 | 58| 798116171571 |I1S98 | ——
13 j2200| 1%0.0 1210 630 n3 31 {na 1260 | 1.8 Is2 32| 77211564 |1481 | 1508 D
| & (2200 ny.0 12551449 | n3 | g1 |105) 1240 |8 |i52 | 233| 6498|1360 |32k 1354 |-
15 |z2200| 92.4 n4s | 99.3 4 g | 2712 |20.5 | 1.3 156 211 6.45]120) | 1126 | 1iSg |—
16 |2200| n4.) 190 | 24, (i 81 | B82|19S | )i lbo | 201 | 5173| 980 939 | 983 | ——
17 {2200| 557 |1070 299 | 92 | B2 | 196 |!70 |08 | 168 | /90| 492| Bo4| 782 19 |
18 |2200| 349 lott |21.6 | n5 | 8L o7 150 | 0.7 | 1821 204 4i2) bo4] 5891 59| |
19 [2200| /g.3 9571155 | 70 | 81 | 529 | %0 oS | 178 | 219 3.20| 499 ] 422| 432,
20 (2200 | 92§} 1.0 g0 | 81 | 497| 75 | pq | 196 | 291| 2.24| 22| 233| 264|—
21 goo| — | 355 2.5 93 | B2 | 304 1.0 {022 | 332 ] B8} 1.33] 192) tbg]| 218 ——
ENGINE ALLIS -CRALMERS 3500 DATE 1//29/72 WET BULB TEMP,°F S5

RUN & BAROMETER, inWq 2940 pRY BULB TEMP, °F_T72



ENGINE|OBSERVED| AIR | FOEL TE,MF‘K;KP\TURE,"F REST\’\'l(‘,T\mlS‘ FIA [WADIR |{NDIR [NDIR [C. L. C. L 0,
SPEED | POWER, |FLOW, | FLOW, [INTAKE] EXH- [INTAKE[Exnavst| VC | CO, [ CO, | NO, | NO, |NO,, ’
MODE | RPM hb B fe (B /iy | AR FUELL post fin HOltn Ny |PEMC] Phm | % / Peea | phm | ppm | 7

] 800 366 26 | 72 | B | 316 | 1.0 | no | 268| B3| t40| 1gp| 179| 222 ——
z_|1500 L36| 56 | 13 | 69 | 325| 50 |02 | 26| 619|172 | 232| 210 | 24—

3 (1500 15.§ 649 | 100 13 63 | 422 b0 | 0.7 Mg | 445 | 286 | 527 482| £30, ——

4 _|!5°° | 300 | Lbe |15 | 73 | 68 | 531 | 6.0 | 0.3 | 198] 339 | 443 | 894 | 86| B68 | ——

5 |I1soo| 450 83 |19.S | 73 L] 451 | 60| p4 236 | 285 55201197 [108] 1123 |—
G |1s00| &o0.0 699 (244 | 72 | 69 | 1 | 65| b4 | 236| 342 | beS|/47 | /3317358 ——
7 |isoe | 74.5 722 | 300 | 12 71 305 | 20 | 0.4 | 222| 52/ | 7.73]/683 | /51002 | ——

8 |isoo| 900 757 |25.5 | 71 | T2 (i020]| 8.0 | 0.7 | 19| BbZ| B.e6|/F3! | 1697 | 1751 |

S |isoo | loS0 820 1429 | 13 i4 |[1S6| 45 | o 124 |2506| 5.5112042(1799 | 1853 | ——
1O {1500 | N0 8so | c12 | 74 94 1202 | 105 | 1.0 50 |a4a54|i0.14 1955|1741 | 1768 | ——
'V | Boo 3221 3.0 | 74 A0 249 | 0.5 | 0.0 248| H#23{ 133 | 243 197 | 241 | ——

L jz200]| 1430 138° <90 72 T4 lnzklaap |19 26| ©i7| B3 |1579 11394 | 1421 |—

3 jzzon) i300  |i3ic |53.5 | 14 ’.’iw R R 144 | 41 | 193 81373 | t400 | ——
V& l2200| 110 1253 (964 | 74 77 |io4r 285 Lt.’l_,( 146 | 293 708\t 4 |l20i| 1230 —|
15 (2200] 92.9 1178 1299 | 74 | 77 | &l 210 ) 4 148 | 270 .52 1153|1028 | jpgr|—
|G |2200] 944 {136 342 | 14 | 75 | 284 /95 | 12 | )52 | 248 | 5.79| 9se| Be3 | 873 —

17 |2200] 559 1093 1215 | U 7 | 5L 177P | ho | Is8 | 228| 508 774| b6 'mc;rj-
\® |2200] g34q |loie 214 | 7 8 | tBo | 10 | 08 | 171% 4.9 | &64| 532 S41, T
V9 |2%00) 1 Te7 1S9 L T2 | 77 | 536040 | 05 | kG Y2k 421] S6g| 184|TTTT)

20 2200 — gag o | 93 | xi 49z on S| 2 | 178 NSNS i sag|——

Z\ oo | 1355125 | 93 | ¢ ».; 0 oo | 3ve] BY7) 133 aBel 9t I T
ENGINE ALLIS~ CRALMERS 3500 TS RV WET BULE TTHME,°F 54

RUN i, SAPTCMETER in W 2999  DRY BULE TEMP, °F _7/



ENGINE[OBSERVED| A 17 |FUEL | TEMPERATORE °F [RESTRICTioNS| FIA [NDIR [NDIR [NDIR] .. |C L.
SPEEn | POWER, |FLOW | Fiow) IWTAKE| Exvi- Purase|Exaust| BC, | CO, | CO, | NO, | NO, | NOs, .,
MODE | arm he  |®w e | AIR FORL) qost RO [in Ha [PPmCl PPm | 54 | Ppm | phm | Ppm | %
{ oo | T Tl 26 ) 14 8y | —1| Lo 240 755 1.26| 2330 zzo0| 24)
2 J1moo | ————— == gty | M4 | a3 || 10| 182 4s50| 172 | 23| 22)| 266 | ——
3 o 340 T b T2 | o || g2 || 74| 2717| 42| 8io| 7s5%| 137 |
4 liqod 68.0 — 276 92 95 | T s T 1ee | a7 &39) 15421128411207 |
a 5 [17eo | foze | 395 | 93 | oo VT i3 [T 1% | b2u | B38| inat 1949 | 1769 | T
® © 11700 /1350 || £37 | 74_| 2% |T——|'40 || 56 |19/9]| 989|1984!1787]| !840|——
7 [ Boo || za | 74 | 82 |——| e |—— | ID0| 434| 12| 29S| 284| 352 |
8 Zpoo| 480 |TT] SBL| 73 73 || z2ze |7 | 104 |/344]| 898|737 |)597 |1bSt|——
9 {2Zovo| 0 [T 445 | 14 80 | 11858 |— | 132 | 3§/| 7381589 | 1472 (1513 |——
10 |2000| Mo | T 29| 74 | 82 |———| 162 || 13 | 235| 598|1/58 | [opo | 1088 | —
11 |2000| 367 |7 11494 | 72 | B3 || 124 || 150 | 229 g.06]| 705] 56| bes| T
12 |zpoo |——— |7 992 | 73 83 |—— | 102 |—— 1| 16a | 347 139 | 202| 240| 25 |—
13 | Boo | ———|{——| 24| 74 | sa|——| 1t |——| 2ca]| 79s5| t2p| z02| /84| 219|——
ENGINE ALLAS-CHALMERS 3500 oATE 11/80/72 WET BOLBTEMP,°F 57

MAPPING RUN _mM-) BAROMETER, tn Ha 2937 DRY BULB TEMR,°F_T75



ENGINE [OBSERVED| AIR |FUEL | TEMPERATURE,°F [RESTRICTIONS|F1A [NDIR |[NDIR {NDIR|C.1. [C.L. o
SPEED, | POWER, |FLOW/| FLow) INTAKE EXH- INTAKE [EXHAUST| RC,| CO, [ C.O, | NO, | NO, | NO. | *-
MODE | RPM he [T/ | AIR FOEL AVST|in W0 lin Ha [ppmC| PPm | % | Ppm [ Ppm |bpm | %
Qoo | |—| 25| 74 1 |——| 'O || 29z | BSo| 19| 192 | 158 | 202
2 {/moo| ——— -1 (g 74 | 18 |/ wo || 232 488 172 | as2 | 2zl| 26037
3 i11eo) 39.p |7 169 72 % |7 o | T 2o | 297 sag | &23 0 749 917 |
A 1700 bio g | 7L Jg || 9.5 |7™| 2ox | 283 | &.8% | 1352|128 |129% |
5 |/too )l joz.0 — | 4.2 | 73 G (| L2 | 32 Stal B dESE | MB7T g |
& (1700 j14. 5 — | 522 | 74 78 |~ a0 || 75 1299 | 9..91923 | 1737|1978 ——
7 | Boo | ——— 11— 24| 1 32 |7 to |7 19k | b4Z| ;27| 328]| 264| 2847 —
8 (2000 14B.0 || S84 | 23 78 || 22.8 |—— | jog 1389 Bozlir2) /532 573 |
S |Zreo) g | ——|845 | 94 8 | =185 | tq0 | z&y | 938|578 /4311|488 |—
1O {2900 4.0 —= 1 32,7 | T4 Bz |——li1s.n |— | f4a | 236 S5 | HTE | 1odd jlonE | T
VY |2oeo| 37,3 134 | 9z B3 |—— | i || 156 | 22| g42| V| peg| Lbo | T
172 (Loan| - — |1 %0 | 9% $3 || don | —— | 1eG Ry 199 203 a3p ) 25|
V3 Bog| ————— || 2.4 a4 ga || 14 |— | 260 | gge| %] 192 173 | ez
ERGIME  ALLIS - CHALMERD 3500 oatE /2072 WET BOLBTEMR,°F 57

MASEING RUM  A-2 BAROMETER, tn Ry 2937 DRY BULB TEMR, °F_175



0T-2

ENGINE[OZLERNED | AIR FUEL TEMPERATURE ,9F 'RESTR\CT\DMS FiA |[NDIiR [NDIR (NDvR [ C. L T L. |POLAR,
SPEEE | POWER, |Flow, |FLOW), [INTAKE EXR L EAR hivae [resust] oue, | co, | co,, | NG, | NOg, | MO, | Oy,
o e ! » FUEL |[PRE-| POST-
CWODELRPE b S | s | IR TORBO|Turen [ Hi0 |t Hy [ppm C | bpw /. b | bpm | PP %o
i GS0| ——— | 456 | 34| 85| BO| 274 25 151 00| 26| 249126 56| 5V | 48 | 8.}
2 paonf———J9i7) 18| 79| 80| 28| 266| 25| 001 | 24275153 | 4 | 62|59 [ 178
_ 3 14001 159 | 95G| V2.2 7| 78] 252} 323 251 01 | 6 115512451150 [144 [139 1163
4 1490|515 [974|16.0] 17| 78| 412| 384] a0 | 02 | 4 |102|331]279 | 263 |255]15.2
| S _[14000  47.6 | 991|204 T3 J7) 508} 4541 40 ) 03 8 | 76 424|438 | 406 | 406|127
G 1400 G20 |989)24.2| BI| 78| 693| 535| 4.0 | 04| B | 50[517|548|523|533|12.4
7 11408 79.3 110051 30.5]| BZ| 78| 055) G332 40 | OS5 | V0| 74 16.10]615]593)593}10.7
_B 14007 942 0201282 851 774 95| 138| 40 | 06| V2| 86| 690|610 588 588| 9.5
% 1400 1h0.p 1047408} 91 T8 09%) 863 40 | 07| 12| 73| 7.56| 570|556 | 556| &.5
G 1400 127.9 1061 [45.6] 94| BQO[1017[1007) 4.6 | 08 10 | 97 1849| 553533 533 1.2
1l GE0) ——— | 4531 35 92 0| 454 41V |.5 | OO 12 {222 1461 931 871 85118.0
V2 11900 | 146.3 18395851 %2 | 76| 935 Y061 70 | 1.4 | 6 | 98| 763|524(529) 510| 8.5
133800 | 127.9 1430|506 94| T8 959 BLL| 7O | 1.3 6 | 73| 7165735451527 9.3
14 1505 ] 1080 l12sela4o | 95| 78| 902 | 758| 55 | i | 4 | 74| 650| 565| 554| 554[10.3
15 1900 918 |1220]28.6] 95| t0| 805|689 | 5| 10| 8 | 25| 564 521|502 488|113
G a%ui CGzoz p2sziznzy G40 B0 7330 2B 55 1 091 6 | 2B 5.0] 4681 450 | 4401 124
7 e 38 hees|2es| 92| o] esi| £27) 52| 08 | 4 | 89| 44| 239]231] 321|135
B JASER Y 29T qn T HZB2 ) S0 | T8 656) 4700 40 ) 07 1 A 114 364 247 | 224 224] 14.6
M9 ISR ] 164 123001700 R9 | T7 0 478 4140 A0 | 0% 1 4 141 [ 2.05) 1501140 | 141]15.9
20 1900 1224132 | BG | 77| 400 | 356 4.0 | G5 | 20 12341 1.98] B3| 84| 84]16.9
21 | 650 456] 321 85| 181 265|232 &£ 700 76 [ 3020109 5G| 441 41 g
ENGINGE CATERPILLAR  Lac rxﬂ,e_:/ /s WET BULE TEME,F GO

U, \ BARDMETER, in ¥y 22 20 DRY BULR TEMP., °F 72




11-O

ENCINE[OBSERVED | AIR  |FUEL TEMPERATURE ,°F [RESTRICTIONS | F1A [NDIR |[NDIR [NDIR | C. L, [C.L. |POLAR,
SPEED | POWER, |FLow, [FLow), [INTAKE FOEL :—:2'_ pEo’;:; INTAKE, [EXWAUST | WC, | €O, | Co,, NOx, | No, | O,
MODE | RPM W e [P | AR TORBO|TURBO [in Ha0 [t Hy [ppm Clppm | Y4 | Pbm | bpm | PPm | %
1 640 4G7| 30| BV | Q0 |252|222| .5]| 0.0 T2 | 2761 126 13| 324
2 MA0O | ——— 1 958| 15| IB| 90| 285|270 6.5| 0.2 | G4|275|1.79| 4| BO| 50 |—
3 11400 159 | 959|517 92| 346| 224| 67|02 | 06| 168|2.59|160 152125 | ——
4 (14001 31,7 1 959)15.B] 17| 96| 417 | 284 | 6T] 03| 5B| 90 |3.52)279 262 228 |
| 5 [1400) 47.¢ | 957/20.0| 79| 100|508 | 4Gl | 69| 0.4 | 38| 63 [4.18|417 403|384 |
G [1400| 035 1975(24.4| 79102|594|558 ] 1.0| 04 | 36| 63 |5.25|598 (539|506 | ——
7 |1400| 79.8 1991 ]29.8| BI | 104 | B0 |054| 12| 05| 26| 741|563 640|589 |557| ——
B 1400 94.7 10231342 B4 | 08| 191 [ Te4| 15| 00| 32| 86|6.97| 647|570 |556| ——
9 |1400] 11 ] 11055140.6| B6| 108|899 [ BIC| 82| 07| 30| 73|778|605|547|529 | —
10 [1400| 120.2 [1116[50.0{ B9 | 108[1032]1028| 9.2 0.9 | 28 [ 108 |{9.10| 550|530 | 503 |—
1| 640 43| 3.0( 93 | 102 | 4B0| 430 | V5| 00| B2 |z222(V33]| 64| 8| A3 |—
12 1900 | 152.0 [1505(60.0| B5 | 110995 | 970 | 15.7| L5 | 26 |110 [7.64| 606 |566]|557|—
13 1900 [ '31.7 1408|516 92 | 108 {1008 | 907 | 14.2] 1.4 | 24 | 98 | 711|624 |560|560|—
14 1900 | 114.0 |1338]45.5| 92 | 108 | 929 | 827 | 13.0| 1.2 | 2G |11l |6.581600) (545|527 | —
| 1S 11900 1 95.0 11285)139.0 | 92 | 100 | 843 | 737 | 12.0] 1.0 | 30 1125 /591|581 516|493 | —
1o 1900 | 76.0 1259 123.0( 9) | 104|746 | €45 | 11,51 0.9 | 24 |138 |4.98 481432 1423 | ——
V7 11900 5.0 1235 127.20 BB 102 (0501559 1h.2) 6.8 | 34 {139 14,2136 {33 | 312 ) —
18 [1900] 37.4 1220 (21.6{ 87 | 102|553 1482 11.0 ] 0.7 | 36 |106 |3.52]|269 229|210 |—
|19 (1900} 18.4 11224 |16.5| 85 | 102 {46 [409 | 1.0 | 0.6 | 40 [219 [2.66| 1069 |147 | 124 —
20 (1900 1242(12.5| 82 [ 102 (388 (353 | W0 | 05| 76 |32 205|111 ]| 95| O|—
21 | G40} —— | 425 3.C| BY [ 104250 {218 | 5| 00 |114 | 3A55(1.26| 64| 2| 2B|—
ENGI\NE CATERPILLAR D6C ome 2/10 /72 WET BULD TEMR,°F 59
RUN > BAROMETER, in Hy 29.34  DRY BULB TEMP, °F 74




21-D

ENCINE[OBSERVED | AIR  |FUEL TEMPERATURE ,eF [RESTRICTIONS [ F1 A [NDIR |[NDIR |[NDIR [C. L. |[C.L. |POLAR,
SPEED | POWER, |FLow, |FLow), [INTAKE EXR. ) EAR-invake [Exaust| we, | co, | co,, | NOo, | NOk, | NO, | O,
FUEL [PR E~ | POSY-

MODE | RPM Wp o fro | Be | AVR TORBO|TURBG [in Hy0 [in Hy [Ppm C| ppm | % bom | bpm | PPm | %
1 | ©40 A75| 28| 79| 98| 289({254 | 1.5 | 0.0 | 84| 2355|122 | 37| GG | 30 |—
2 [1a00 957 144 79| 96| 2931276 | 5102 | 10| 314/1L.65| ©4| B85 | 48 | ——

3 haoo0 6.2 [ 957 ‘4| 79 | 102 | 350|329 | 67|02 | 36|220|2\B(V5) [159 (147 |—
4 {1400| 32.7 | 956 V6.2| 80 | 106 | 420} 397 | 8|03 | 30| 90[32.11[200|268|249 | —
5 [1400} 49,5 | 975| 21,0 79 {108 |52} (474} 7003 | 28| ©3|4.05/474 426|388 [—
G [1400 | 65.3 19921246 | B0 | 110 | 6131572 | 70|04 | 26| 75|5.11|634(553|515|——
7 [1400 817 019 | 21,0 BY | M0} 7 | 71| 7.5 0.5 24| 7416046077584 |560|—
B 1400 98.5 |1029 /28,2 | B5| 110 [ 836|794 | 8006 | 22| 62(696|659 (560|551 |——
9 (1400 | 115.7 |1085{44.0| 88 | 106 | 941 | 909 | B.5]| 0.7 20| 85|7.89|6\6 |5406 | 537 | —
10 (1400 ] 12307 |1145(50.2| 90 | 10Z [1052 {1030 | 9.5 | 0.9 14| 97 |857| 62355V |542(——
1 | 640 44y 3,0 B8 98 | 288 | 247| t.a | 0.0 84| 2761 19| S6| 65} 45| —
12 [1900 [ 149.5 1625|595 19 | 110 ] 985 ] 953 {155 | 1.6 24 1\09 | 7891568 |546 491 |—
13 [1900 | 133.0 [1434|52.5| B85 | 110 [1010 | 907 [14.5| 1.4 | 24 [110|7.36{584 507|540 |—
14 {1900 ] 1134 1267/45.4| 89 106 | 924 | 820} 13.0 | |.2 30| 7416770\ [543 |534|—

| 15 [1900| 95.0 |1302(39.2| B9 [104 | 841 | 724 (12.2]| 1.0 | 30|11 | 617|555{509|500|—

_16 {1900 | 75.4 |1268]32.6) 88 | 102 | 751 | 48 | 115 ] 09 | 36 1125271467 |420 4V} |—
17 1900 57.0 (1252|275 B85 {100 | 056 | 558 |\.5| 0.8 34 (1131457 382|330 | 320| ——
'8 {1900 36.0 112431220 Bl 100 | 557 485{11.0 | 0.7 30 127 | 2,71 237|228 208|—
19 11900 19.0 11244117.0| B0 | 100 | 470 | 412 | 11O | 0.0 | 40 |1G7 [2.85/ 129|147 |\24|—
20 1900 — |125912.5] 79 | 100 | 402 | 3GV {1V.0 | 0.6 | ©4 |260|2.18(!102| 94| GO|—
21 | 40| — | 467 | 2.9 | B8O [102 | 24B | 214 | 1.5 | 0.0 [ 106|214 | 139 4¢ | 58] 27| —

ENGINE _CATERPILLAR Do6C pate 2 /10 /72 WET BULE TEMR,°F &I

RUN = BAROMITER, in Hy 29.32 DRY BULR TemMP., o 70




€1-D

ENGINE [OBSERVED| AIR | FUEL [TEMPERATURE °F |RESTRICTIONS] F1A INDIR [NDIR |[NDIR |C.L. | C.L. o
SPEED | POWER, |FLOW, | FLOW, |INTAKE ExH- INTAKE[Exnaust| HC, | CO, | CO,, | NO, | NO, [NO,, |
MODE | RPM hp e fae |/ | AIR FUEL! pust in W0 tn Hy [PPmC] Ppm | % [ PPm | phm [ppm | 7
) 1440 |~ | 555| 25| ni | 140 | 221 | 04 | o) ac | 222| 132 (9] | 214 | 239
2 Hlooo | —]az213 | /2.0 2 | 141 232 | b6 )b 96 | 1bo | 132} 110 | 185 | 2]
3 jléeoo | 22.9 |z213 | 180 72 [ 147 | 300 | 1.0 | 2.0 98 gsl 192 33b | 94u | 445 |—
4 |leoo | 42.7 122131235 | 72 1149 | 3s5| 12 |20 | 100 98 | 244 527 | 63/ | b74 T
5 lbon | b¢.0 2179 | 28.€ | T 150 | 423 | b6 | 2.8 | oa 3| 291 | 764 | 881 | 929 [T
© [lboo | 8.4 2175 38.0 73 | 150 | 492 | b6 2.5 | 106 24 | Jsg |lo14 | 142 | 1200 |/
7 |leoo | 103.3 2206|440 | 15 {150 | 517 | 70 | 2.5 |1k 24 | 43011357 {/458 | k0D | —
B {/boo |/28.5 2260, 53.0| 985 | 150 | t70 | 7.0 | 2.8 12 47 | 50311606 (1752|1914 |—
S liboo |149.9 27% 2.0 | 74 |iso | 751 7.0 | 34 46 | 393 | €90 [1728 | )12 | 1468 —
10 lleoo |768.5 [2175(70.5 | 74 [149 | 823 [ 70 |3.9 |/5B (2113 | 642 [!578 11696 /756 |——
IV | 490 |——| S24| 2.8 | 22 | 148 | BIS | 0.6 |01 | WL | 160 | 1o | 295 | 298| 28B|—
12 |2/00 {2068 |2075|8%0 74 | /46 | B2k |1.S |49 |i4b | 453 | 4.03 [/ 765 |}877 |20/ | T
V2 |2ioo 1820 (2869|9765 | 7L | 151 | 185|110 | 49 138 93 | 5473|1778 | 1905|2073 | —|
{4 (2100 154.7 2985 e | T it | 901 110.8 | 4.5 |32 36 | 4.2 |lesi [1998 | 1906 | —
1S (2100 li2a. B 29 3; 530 | 9% 159 blbill.0o | 4.4 N A 47 | 397 11347 | 1465 | |S36|7—
1o (2106 1oz 2 275%| 490 | 28 | 159 | Beg | o | 39 | 124 98 | 338 |24 | 473 | 1245 ——
{7 (00| 770 [2768 (390 | g9u |16l | a7 |0 | 34 |14 48 | 185 | 889 | 927 | G49 |~
106 |00 525 (2805 |32.0 | 24 116l | 41 1D | 38 | /22 | &) | 232 | b90 | 04| 933 |
19 |2100| 24.8 |2992[23.0 | 74 | jbi | 349 | 1C | 23 (146 | 93 | /72 | 472 | 456| $76||
20 (2100 |~ l2q45|i2.0 | 73 | 16T | 299\ 1.0 | 20 |32 | 97| 132 | 299 | 273 | agg|——
21 (4490 || S15| 3.0 | 13 | 189 | 224 | 0E | od [ li2 | 18| 100 | 2bg | 246 2707
ENGINE DETROIT DIESEL V-1 DATE /10/29/72 WET BULE TEME,°F 58

RUN 5 E’F\P\Ol4 F_T_E Q - A 3 _éj,—s_é_ DR\/ BULE} TEMP, DF _7/—



¥1-O

ENGINE [OBSERVED| AIR | FUEL [TEMPERATURE ®F |RESTRICTIONS| F1A [NDIR [NDIR [NDIR [C.L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE EXH- NINTAKE ExnAusT) HC, | CO, | COz, | NO, | NO, INOy, “
MODE | RPM hp W /e (B iy | AR FUEL AUST [in Hy0ltn Hy [PPMC| Ppm | % | PPm | pbm | ppm | 7%
b | 440 | ———| s60| 2.5 | 14 N4 | 333 | 0.8 0. ag | 210 | foo| 264 | 2358 256 |——
2 {1600 | —— 12174 |1o.5 | 713 | N9 | 452 | &5 | 17 | 94 | w2 | 00| 212 | /B0 | 202 |
3 11boo| 21.9 |2199 (160 | 72 | 129 | 296 | 70 | 19 84 | vio | 153 | 381 | 394 | 413 |——
4 (oo | 92.1 21721220 | 74 126 | 353 | 70 | 2.0 84 7% | 205 | 578 | 615 | 649 |
5 | leoo | $5.1 278 |30.0 71 126 | 423 | 7.0 2.4 88 98 | 272 | 779 | Bsv | 897 |{—
© |00 | 85 9 2/53 1370 | 74 1277 | 492 | 5 | 2.§ 94 498 | 3.3/ | 031 [ 103 | 175 |—
1 |16oo | 108.3 |2/58{44.0 | 72 (127 | 57% | b5 | 2.5 | too | 47 | 3498|1280 [/409 | 1523 ——
B {100 ] 1296 2158|8525 172 |127 | 664 | 70 2.8 | e 82 | 4.78 1536 |1694 |j878 |—
9 {1boo| 149.9 2/501 61.5 | 76 127 | 749 | &5 | 3,0 | 138 | qep | S.S1[/6%6 [1778 |194¢ | ——
10 |1boo | 170.7 |2/761720 | 72 127 | B32 | 65 | 3.4 | 132 |29499 | 6.99 | 1566 |IS55 | 1680 | ——
U 440 |[— | 553 25 [ 75 |[127 (430 | 0.5 | 0.0 | 108 | 229 | 0.79 | 274 | 227 | ASD|—
V2 (2100|2086 |2958|80S |95 |124 | B24 | ;1.5 | 50 {142 | 616 | 5,98 |17029 |1743 |1ep2|—
{3 |2100(| 182.7 2943 78.0 | 17 131 | Boo | 1S | 50 |13 | jz3 | 837 |18 | 1808 |96 |——
14 2100 | 1597 12842] 660 | 19 | 134 | 721 |100 | 4.4 | 130 | 58 | 445 (1541 |14 | 1770 |——
IS [Aoo | /29.5 1a83/| 560 | 74 136 | 624 | /105 | 4. 130 | 48 | 379 | 1334 | /384 | 1484 |—
1o |2100| loS0 12996 | 635 | 73 | 136 | 544 1700 {43 |J30 | 59 | 325| 1y0 | N8 | ngo |——
{7 j2100) 790 128301395 | 924 1137 | 4pp |10 | 38 1128 | 4o | 252 BbS| BT | 1 i
18 |00 | sS4t 2908 306 | 73 | 137 | 423 |10 | 35 | 128 | ko | 1| bbe | 54| 697 T
'9 | 2100 252 2966 | Jpp | 74 | 37 | 3589 | /.5 | 3.5 | i3¢4 5 | 196 | 485 | 443 | 467 |—
20 layop |7 |2957| 190 | 15 | 139 310 | /2.0 3.3 | 138 99 | 1:02| 306 | 259 | 298 | ——
21 440| 7 | £76] 30| 72 |35 I 234 | 0.5 04 He | {86 0.60| 265 220 259
ENGINE DETROIT DIESEL V-7 DATE .0 /2¢/ 7% WET BUL® TEME,°F <8

RUN 4 BAROIMETER  {w Wy 29,32 DRY BULB TEMP, °F_72



ENGINE|/OBSERVED| AIR [ FUEL |[TEMPERATURE °F [RESTRICTIONS| FIA [NDIR [NDIRINDIR {C. L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, |INTAKE EXH- [INTAKE[ExnAusT| HC | CO, | COz, | NO, | NO, {NOg, *
MODE | RPM hp %o /e (B /he | AR FUEL ALST [in HO0(tn Ny [PPMC] Phm | %% ’ Ppra | ppm [ ppm | 7o
|| 440 547l 24| 13| 99 13710 0c | o1 | 76| 210 | 093] 242|214 | 232 | ——
2 Vleoo 2213 {12 12 | 167 | 252 | 1.0 /.9 BO| g1 | 099 | /2 | 179 | 265 |—
3 (leoo| 22.4 2228 (18. 73 | 116 | 290 | 7.2 | 2.0 72| 99 | 152 | 403 | 393 | 418 {——
4 |lboo | 43.2 2195 | 14.2 72 19 35// 70 | 2.0 | 74 61 2.2 | 0oL | 6/3 | 52 | T
5 {lboo | b4.0 2251 3,.2 " 12 91 68 1 2.3 749 | 48 | 2.1 819 | 844 | 897 |—
O |/poo | Bé-4 2177|385 | g2 | 122 | 487 |68 | 2.3 | 98 |48 | 331 |/075 /0861172 | ——
7 jleoo |108.3 121471450 | 93 | )23 | 559 | b6 | 2.5 | 82 | 47 | 397 |/329 |/42 |I534 | —
B |leoo | 128.5 152 51,4 no | 123 650 | bk | 2.8 92 | 83 4.7 (1568 1646 |/787 |——
9 |1boo | 150.9 cis6| 63.0 92 | 122 | 727 | 6.6 3.0 /08 (441 |5.42 (/748 /7412 | /88 |——
VO {1600 | 19p.1 2169 | 72.7 74 23 | 826 .9 3.4 1064 |2S01 | 628 (1617 {1549 | /032 |——
(I 440 541 3.2 2 li2% | 301 | b5 | 0.0 8o 236 | 072 | 2§83 | 229 | 282 |——
12 12/00 [208.6 |2834| 885 9, lle | 845 |11.5 | 4.9 |/08 | 66 | 5.9¢ |1745 |/780 | 1919 |——
> 12100|/82.7 |2831|785| 75 | /24 | Boz|N.5 | 5.2 | 98 | /S3 | 523 (1758 |1849 | 1989 |——
1 4 | 2/00 | 155.4 2939 665 | " | 129 | 118 1 ]lo 4.6 | 98 83 | 4501631 |/666 | 182 | ——
1S |2100(130.9 27449 570} 723 /31 628 |10.5 | 4.2 |00 71 378 |1402 |1952 | /552 |——
"o (2100 | 103.6 (2734|427 | 74 |13 | F7e 109 | 3.9 |/100 | 72 | 34011109 | 1146 |/203 | —
17 (2100} 970 (1795|392 | 0 | /22 | 490|110 | 38 |/°Z | 22 | 2§/ | 862 | 879 | 932 |—
18 2000 54y |2999|3285 | 94 | 132 | 4925 | pa | 2 |02 | 73 | 192 | b6 | bSB | 692 | ——]
19 |00 25.2. |2880| 24 2. 1132 | 351 | o | 33 (104 | 86 | 1139 | 46! | 437 | 476 |—
20 |ai00 29249 /8.9 71 ]2 3 07 | 1.8 5 ‘o tio (.00 | 295 | 268 | 298 |——
2\ 440 s68| 3.5 7 521174 o % 0.0 | 94 | 223 | 066| 254 | 235 247
ENGINE DETROIT DIESE  GV_1) DATE /2 /25/1 WET 8ULE, TEMFE,°F 4o
RUN &5 EAROMETER, tn Wy 29.36 DRY BULB TEMP, °F 71



91-D

ENGINEOBSERVED| AIR [FUEL |TEMPERATURE ®F [RESTRICTIONS/FIA (NDIR [KDIR [NDIR|C.L. ({C. L.
SPEED | POWER, |FLOW | FLow [INTAKE EXH~ INTAKE EXHRUST] HC, | O, | CO, | NO, | NO, | NO,, O"
MODE | RP# hp o e fne | AIR FOEL. AUSTin B0 [in Ha (PPmCl PPwm | %0 | Phm | Phm [PEw | %
V| 440 26| 74 | 1l 0.7 | .1 70 | 209 | 104 | 190 | 226 | 244
2 f1200 | ———— 11— 43| 74 | 1il |——| 38 | 09 | 80| 260 |0928| 192 | /52| I80 |——
3 |1z200 24.0 |—— |85 ] 7% s |——1{ 4.0 j.o 84 92 | 225 | sp3 | 6171 | 656 |
4 llzoo | 492 |—[2%93 | "2 1206 |—™— | 40 | 12 0 36 | 3464 | 997 |0y |2 |——
5 li2oo 73.2 —— 1 41.5 | 90 120 |———| 4.0 | 1.4 104 | 118 | 496 17455 [1513 [ 1114 |—
6 [/200 98.1 — 1590 | 714 |20 |—| 38 | 1.1 106 (5096 | 663 | 1392 (/299 [133¢ |——
7 {490 ——— |\—— 1} 2.6 | 95 | Jio |[——| 0.7 | o/} 83 | 333 178 | 292 | 22) | 242 |/
B 11800 | 1400 |— {806 | "2 [ }18 |——| 9.0 | 40 |Job |IBor | 615 |/526 (1538 | 1926 |——
9 [18oo | jos0o [T 6.9 | 73 | 129 |—| 87 | 37 |i02 82| 4.9¢ |1sec |72 | Ig12 |——
10 [/Boo | %3 |[—— |46 | 72 |28 |7 | 86 | 31 |1o0o | 24 |35/ [1093|/084 |lIS6 |—
1) |1Boo | 342 [T 1270 | 73 |i%0 || BS& | 2L |l02 37 2.0 big | 613 )| bgnp |/
12 1800 | = | = /39 | 9 |120 |——| 87 |23 | 96 | j1p 099 | 242| 196 | 229|—
13 | 940 | ——  —| 29 g2 Lyz7r {——| 0.8 {p. 82 | 210 | 0960 233 /9 | 22)|——
ENGINE LETROIT DIESEL bV-T] OATE /0/23/71 WET BULBTEMP,°F 4o

MAPPING RUN _M-| BAROMETER, ln Hay 2930 DRY BULB TEMP,°F_12



L1-D

ENGINE[OBSERVED| AIR |FUEL |TEMPERATURE . °F |RESTRICTIONS|FIA [NDIR INDIR [INDIR|C.L. [C.L.
SPEED, | POWER, |FLOW /| FLOW) [INTAKE EXH- [INTAKE |EXHAUST| HC, | CO, | C.O, | NO, | NO, | NO,, 3
MODE | RPM he "/ |B/ne | AIR FOEL| st in W0 |in Hy (PPmC| PPm | % ’ Pbm | Ppm | Bpm | %
1 4qp | | ——4 2.1 nz 120 | ™| 0.5 | 0.} g | z22| (.12 1o 199 | 210
2 lizoop | —— | — | 74 70 n1 |——\ 36 | p.49 90 | 2385| LIz | j2) iIs2 ¢ igl |—
3 l1too| 242 — /83 2 | 12 |——| 4.0 | 1.0 8s 85| 231 | 561 bl | bSEC |—
4 |1zoo| 995 |—— |30.2 70 1212 |——| 4.0 | ;2 9 47 | 3981 994 | oep | 1IE3 |——
5 |i1roo 72 8 — | 4.8 14 22 |—— 1 4.0 1.4 2| 153 | £.29114499 | 1567|1107 | ——
6 (1200 96.3 — 1590 | 79 |122 |——| 39 | .7 2 |sp22| 45| 1284 | 12499 {1331 |——
7 | 4490 | —— |— | 2.6 72 {122 |—— 1 0.5 | 5 1oo | 210| .05 212 2/4 | 237 |—
8 |i8oo|140.0 |—— (805 | 71 |i24 |——| 8.6 | 24 118 1967 { 6.27 14985 | 1964 15497 |—
9 iBoo| 104.0 — | 584 | 74 128 |——| 8.4 | 3.4 108 90 | 4.1 |1514 [1Sb3| /690 |—
10 |!8o0| 9.8 — | 418 | g9 |12 |——]| B2 | 7.4 /108 4% | 251 |1o27 |10osL |13 |——
11 | /800 | 34.4 — 268 | 72 |37 || 84 | 2.9 lio 61 | 208 | 576 | 593 | 632 |——
12 {1800 | ———— | — | 1%.1 70 | 131 |—| 88 | 2.4 122 | 123 | 412 181 191 219 | —
13 [ 440 ——— | —| 2.8 0 | 127 |/ | 0.5 | 0.1 Ho | 197 | Loo | 191 217|238 | ——
ENGINE DETROIT DIESEL &V-7] oATE Jo/a3/92 WET BULETEMR,°F 60

MAPPING RUN  M4-2 BAROMETER, ln Hy 2926  DRY BULB TEMPR,°F_7Z2



81-D

ENGINE[QBSERVED| AIR | FUEL |TEMPERATURE °F [RESTRICTIONS| FIA [NDIR INDIR [NDIR | C. L. | C. L. o
SPEED| POWER, |FLOW, | FLOW, |INTAKE| | = |EXH- INTAKE[EXWAST HC, | CO, | COs, | NO, | NO, NO, |
MODE | RPM | hp "™/, [M/pa | AIR AUST |in H,0ltn Hy [PPmC] bpm | % | Ppm | ppm [ppm | %
VLTOO | | —— | LG | 22| 90 | 373 1.Y| D.0{450| 269 1.51 | 197 | W6 | 165 | 1B.8
2 11800 — ] £.4]| 89 90 | 280 | V1.2 | 0.5 |65 | 268|169 | 102 54 98 | V8.6
3 {1800 126 |—— | 38.09] 85 2012471109 06 |©10]| 24V {2.65| V77 | 126 [ 192 |10
4 1800 24.0 |—— 2.0 B9 | 22 | 417|094 001 | 580] 309 {3.50| 272 | 240|292 | 15.1
5 |1800 3.0 [— 87 RY 9L 1498 1t | 0.7 | 600 295 14.4Y | 372 | 2451401 |13.8
6 |\®00| 480 —— 11971 82 | 9% | =86 | 10.R] nR | 640! 247|544 [ 49\ (4981544 |12.2
7 (1800 ©0.0 |[—— 1238 BY | 98 | 995 | 10.7| 1.0 |©90]| 489 |6.4\ | T07 | 712|749 |10.5
8 {1800 720 |—[27.8] 9 | 99 | 811 | 10.5] 1.2 |{B50[1028 | 7.66| B72{ 900 | 923| 8.6
S [IBODO| 840 [——|32.5| BY [ 100 [ 92} | 10.9| 1.2 {1040{2536| &.6) | 982 |1045 11017 | ©.7
10 {1800 2.0 |—/—129.0] 90 | |0t |[1062| 9.7 L2 | B20|7508( 9.48 (1032 | WG {\\128) 45
iy
12 |2£00] YOG, |— |A2B] 88 | 102 | 933 [ 197 ] 1.4 [10BO|IBIY | .27 | 1184 [ 1328|1405 ©.7
13 12500 9L 7 |— 13821 922 | 102 | 924 [\9.B | 1.2 { 8251 9I5| 1.51 11073 | 1171 (V229 | B.}
{4 (2500 192 | — 13301 33 | 106 | 838 [ 19 1.2 | 740! B0V | 655 875 ] 9581002 9.6
15 12500 650 [— 12851 87 | DA | 750199 | 10| BI0| 412 | 5.7V | 636 | 726| 182|112
16 |2500| 52.5 |——|24.7] 87 95 | ©17 1202 0.9 79 371 14.98 | 509 | 543 593 |12.2
17 [2500] 40.0 |[—|2v2} B¢ | 99 | 598|204 | 0.8] 170| 2374 4.29 | 380 | 388 | 448 |13.5
18 [2500 258 | — |13 87 {102 | 518 (203 0.7 780 289 | 3.50| 257 249 | 31\ |47
19 [2500 12,2 | 1221 R/ | 9% | 442 1204 | 0.0 | BIO] ACE [2.82] 160 | 147|203 |15
20 (2500 — [10.0| 83 | 2% | 278 [20.2| O5| RERO|ADG {212 B6 | B2 | 132 |16.6
2\ 7001—— | Ve 2V 192 12791 1.9 ] 0.0] ©30| 269 | 1.5V 127 | VIS | 118 1V1.4
ENGINE INTERNATIONAL D407 DATE 5/95 /72 WET BUL® TEMPR,°F 72

RUN 2 BAROMETER . tnq 2913 DpRY BULB TEMP, °F _80



61-2

ENGINE [OBSERVED| AIR FUERL TEMPERATURE,"F RESTRICTIONS FI1A [NDIR [NDIRINDIR [C. L. | C. L. o
SPEED | POWER, |[FLOW, | FLOW, |INTAKE EXf- INTAKE{EXRAUST) NC | CO, [ COz, | NO, | NO, | MOy, *
MODE | RPiY Wi B five ‘%/m, AR FUEL AUST [un B0 ln Ry [ RPWE] Bhm h/ol Ppm | phm [ ppm | 7
b 1700 {———|— | 1G| 8| 95 | 29| 1.9 | 0.0 1485 | 252 L4001} {21 | 108 | 12 | 18.9
2 HB00| ————|—— 1 571 Bb | 91 {26016 0.2158% |28 [ 1.61| 60| 52| 91 | 187
3 IR0 120 |—— ] 90| Bs 1 90 1323 [ 113 | 045202261250 13411261179 {1\7.2
4 NBOO| 224 |— LB B4 | 9V (409 1v1.0] 0.4 |05 | 287 1340 2721227 | 288 | 1.0
5 [1IBO0O] 260 {— ATy 84 4 95 492 1w} 0.2 1480 1 218 14.47 | 200|341 (292 1142
6 1800 474 [/ i8B! B2 97 | 298 10.9 o.4 | 535|337 |5.22] 463|482 620 [12.8
T JIBOD] 500 |/ |22.6] Aa | 97 | 630 1107 ng | SCO[45T7 642 | A5 | 68BG | 740G | W2
8 [1BOO] 720 |— [ 30.&| 33 | 28 | BYY | W2 o3 1 T7TI0 931 | 7.60) BI5 892926 9.0
9 11800 B34 [— 2201 a4 | 97 | 972 { W7 0.9 | 90512285 [ .7V 293 (102511009 1 1.2
VO [I1BOO] 960 |/ 27.8] B4 | 96 L0283 { 100 09 | 80D G530 5.9 | 980 [1109 1153 ] 4.8
PV 700 ——————1| L.V | BB | %4 | 555) 2.1| 00 |540] 261 | 1.47 | V42| 135] 154 |18.8
V22500 104, | 434 83 ) 95 1 e0d 1498 1.5 | 940 V4ARB | BT 1245 1314 V2R | 13
i3 jrsor 91,7 | —— 1ZT.A ) 0 Y 1907 PN I F= B = e My i R TVE TN R R WACREIRY i N IS N
L4 (25000 80.0 |— 1320 99 |02 | ASG| VOB yv4 |©65 1 B22 | 7.6 | 927 | 942 | 988 [ 10,0
15 12500 658 |——(28.7 | 98 | %3 [ 7991 V9.9 ] 1.2 {710 | 31D |©.2B] 718 | 706 | 752 11.5
16 12500 528 |— (248 29 | 95 | 7062 119.9 | 1.2 | 705 | 326|528 | 832 | 5B | 564 (12.9
17 12500 40.0 |-——120.2 ] 9N | 97 | 012 [20.2) () [®@ID]3\T 1467|402 | 38214179 [14.0
18 12500 267 | — |V7.0 7 99 | £2% | 20.2] 6.9 | ©80 | 320 3‘8‘4 207 | 245 | 204 sg.i_
19 2500 v3.2 | 120 ] 9% | 97 1459200 om €90 334 (3061140 1147 | 204 116.2 ]
20 2500 || 2.8 95 | 95 | LR Z0 2| Ap [ 720260224 T3 | 36 | 144 V1.6
20 | 700 ——|—— | .5 95 | 93 | 278 | 1.9 oo [SRC|AI0 LBV | 100|106 | 154 (8.6
ENGINE INTERNATIOMAL D4 DATE /8 /72 WET BULE TEMPR,°F 08

PUN 3 BAROMETER, tu Wy 2910 pry aovLe TeMP, °F _706



FoRaERYED A0 runl [TEMPERATURE °F [RESTRICTIONS] FIA [MDIR [NDIR [NDIR |C. L. [ C. L.

L O
i = - - . = Ty 1.—
CREED L PhwEn FLOvE LR [INTAYE] Erk- INTAKE(ExnauSy WO CO, (’Ql/ MO, I N G, | Vs,
1% L 2 h_ (U E— L N 5,
1Py L Fe S |0/ | AR RUST [ia B0 fta Wg | PPmC| Phon | %4 | PP | bbw | Bpm | %
}o| 300 | e 7953 17 84 SO | 2461 za] D.0[465(1283 1.4V 128|106 | VO 15.2

\B00| ——— | 722 i 2| 90 | 245 vva] 0.2 | 605375 156 60| 487 87 (18.8

1]

2 4
3 11300 2.0 1728 31 80 0 379 .61 0.4 | 5855|371 Ly iwza (124137018
4 1WBDhO] 240 | 724 122 19 014081 WS | NE | 520322

02-O

2.251 262 (228|784 |16\
5 ILROGE 2@0 1O o2t 0 901 5131 1.0 0.5 510 319 14.24 | 275 | 238 | 285 14.6
G IBOO] 4.0 | 71a 0.2 0 9V G002l 06| 5as5| 372 |2.20] 5325493 | 545 [13.0
7 HR00! 0.0 | 7042200 A0 921 ©79] vv.v | o081 580! 4BZ G5 | 702 GOS0 | JOB| V1.4
8 [B00l 72.0 | 7100 2ratl AN 920 998 12 ] L0 7000|724 909 885! 309 | 9.5
2 HBOO| B84.0 | 708|224 BO| 92106 v.2] .0 915 12656(8.24 | 1110 (067! 100 7.2
1O 1800 5.0 092282 RZ 95 1060|106 1.O] T017138| 228 11192 (11l | 12v4) 4.9

Ly 700 | ————— | 293 LaLRT7 9V 49510 L9 0.0 595 23914 | 10| 1851 16S1 D6
12 [2500] 113, 945 14661 811 951 921 v9.9] 1.5 V04D |2183(8.13 144G | 1284 | 1440 0.2
13 [2500] 100, 944 | AD A20 981 96711911 V5| 8601301 7.78 1240 [ 1242112881 B0
b4 1259001 848 [9£0]24.8 211001 8823 (19.9 1 LA | 700 663|687 (111810271 1D6L] 9.7
15 12500 707 | 9462046 R4 [ 100 788202 V.3 | 705! 506(6.09( 792 BIO | B28 1.1
16 |2500| 567 [986 250 B4 9116971203 1.2 | 730 4\8 |5.13 | 576 | 567 605[12.6

{7 |2500] 425 (958 2v.V | 82 90 | @i0]20.2 ] 1.0 | 7001 434 (4.3 1 405 36| A2321132.9

18 12500 29.2 961 | 17.0] Bj 9231 £21120.2) 0.7 700|448 |3.52| 273 | 2445 | 203 |15,

2
051 0,86 |17301476(2.79 | 168 | 100 205|16.2

19 125006 14.2 1963|1325 Bl 9E 54172

20 [2800| ————1 G965 {10V | BlL | 92| 2% |27 ¢.71|780[480(2.03] 92| 82| 115[11.5
20 | T700 | 1282 | 1.7 Bsl 91 28] 29 G055 27 LAY (135116 | 1 741(18.3
ENGINE _INTERNATIONAL D407 DATE 5/9 /72 WET BULEB TEMP,°F 065

RUN _4 BAROMETER, inWq 29.17 DRy BULR TEMP, °F _ 74



ENGINE [OBSERVED| AIR | FUEL [TEMPERATURE °F [RESTRICTIONS| FIA [NDIR [NDIR |[NDIR |C.L. [ C. L.

SPEED [ POWER, FL()\\); FLOW, [INTAKE Exu- INTAKElExRausy) HC, | CO, | CQ,, | NO, | NO, INO,, ©,
MODE | RPM hp B /e 1B /e | AIR FUEL AUST |in H,0[tn Hy |PPMC| Ppm %/ PPm | Ppm | ppm | %
b 700 ——— 208 1.4 24 90 | 49| 2.2] 00|AI5 | 748 )4V ] 149 [ 121160 | 19.1
VBROO | ——— 729 | 561 90 90| 2272 v1.6| 0.2 | 575] 328 | 1.6} 13 52| 921188

1R00 V4 7230 87 B89 9012241104 031545 314 |2.58¢1 141 | 124|158 {115

1800 240,721 1 v\.8 831 2114151 1.4 04|570|288 (359|258 227|219 1.8

1R00 26.0| 722123 20 21502 L2t 9.3 1550 2% |456 | 388 | 327 [1293114.2

1300 43,01 7201191 &) 25 | 595 1V 0.2 1560220247523 464 £)9 127

0.5 | G10]435 (.1 779|688 | 743 [11.0

0"

1800 60.01724 (22| 2V| D | 702 |1}
{800 72007072717 901 97§ 819 | . 0.8 | 7601 967 17.781 212|826 881| 9.1\
1200 B4 0LT712 1329 921 97| 9220 i, VWO | 9802819 [9.10 {1109 [1045 {1089 | ©.O
tR00 9.0} ©B4 {2336 95 99 [1071(10.4! 0.8 | BOO|7132{10.06{1141 1094|1127 | 4.5
by 700 — 294 | v\ 98] 97 | 5320 1.9 0.0 | 540 257| 2.13| 134|144 | V87 |17.8
12 |2500] VOB, 949|427 90 [ 100 | 990 {219.8 1 V.2 [1050{1827| B.LT(1337 1265 [1410] 7.2
13 12500 94.2 1959 28.4| 92 | 104 346(20.21 vV | 830 95| 7.62 11222 1199 | 1244 8.2
|4 12500] B80.8 {945 {332 92 | 106 | 370|20.¢| 1.0 | 720| 248 67211011 | IB4110V7| 9.8
15 12500 G&.7 [968{29.\| 221109 767(20.2] 0.9 | 160|826 | 595 757 | 156! 184 [11.)
PG 125000 55219606 (249 22111071697 (207 0.8 765 384 5021 577 558 595112 .4
17 {2500] 40.01970[20.2] 72 |105]6\9 [20.7]| 0.6 | 750|375 |442|435| 408 | 422|i2.5

18 [2500] 26.2 (971 ('\74]| 92 |105| 525|208 | NG| 725|390 1264 295 | 284 | 202 |\5.]
s}

(RN

O

OO [V [H v

[

19 2500 V3.3 1976 (V3.2 22 (106 | 472209 O | 740|405 [ 289 188 | 18k | 209 [ 15.7
20 (2500 909 | 9.8 2V | 106|406 |70 2 [ IRLTADA [ 203 113 | 1061154 1169
21 700 |—— | 315 V.41 92 06| 294 At o0l e 282 VE2 1142 8T | 1691 T.9
ENGINE INTERNATIONAL DAY DATE 5/9 /72 WET BULE TEME,°F _ Gb

RUN 5 BAROMETER | in g 2912 DpRY BULE TEMP,°F 17



ENGINE |[OBSERVED| AIR | FUEL |[TEMPERATURE °F |RESTRICTIONS FIA [NDIR [NDIR [NDIR JC. L. | C. L.

SPEED | POWETR | FLOW, .FLO\;\), INTAKE FOEL ExR- WNTAKE|Exnavsy HC, | CO, | CO, | NO, | NO, | NOg, OZ’

MODE | RPM hp B e 1% Aw | ATR AUST |inH,Oltn Uy [PPmC| Ppm | % | PPm | ppm [ppwm | 7o

VL T00 | == | 304 LG B4 30 | 472 2.0 OO|464] 2700 LAY [ VTT I35 V79 1189

2 1\B00 — | 740 | 5.2 88U 20 | 200 G| 0.2 6913391 Le7| 13| 12| 87| 8.7

2 1WBno 2.0 {2 8.9 B0 01222000910 541512 226]2.6) 124 91 [ 142 ] 1\1.3

4 18P0 240 1730 [12.5] B | Ol | 40R VT a5 |69213221372]|239) 250|265 164

5 (18001 260 | 726 |V5.0 ] 801 91 149711021 0.6 | 552 307 |4.47| 351 | 300 | 246 V4.5

G 15000 490 726003 ] Bol 92 |z W] NG 612 3375461 4771463 495|126

7, 800 ©O.0 | 730 |27 6 B 32 [ BCF Al p RT3 | AT 4 595'@7& b4

& [\800] 72.0 | 712|285 82| 92 | 824 |1V 5| 0|67l 546 | .61, B22| B85, 85| G2

A 9 |i8DO BRA.0 | 7241246 8321 92 | 941 111,41 1.2 19827,2208 | 82211004 1004 (10158 T
{\, 10 (18001 960 | 71212951 84| 92 1063109 | 1.1 | 720]6620] 9.96[1072 1138|1138 | 4.7
LV 700 | =129 | G| B&| 20 | 1| V.9 .1 15892 258 V.GV 114 | \25] \541\8.2

12 |2500] 109. | 950|441 82 | 92 | 9551200 | 1.4 | 888 |1761 | BB {1287 14151415 @7

13 2500  96.7 | 960 (28.8 84 | 27 | 956 {2D.0] .2 | 71V | 898 | B.07|1194 12491282 B.2
14 |2500] 825 [955(34.2] @51 %7 [ ®712(20.2| 1.2 | 701 ] 533 .09 | 966/1024]1024| 9.6
15 12500 683 1905297 ] B4 ['00 | 772 |20.41 1.2 | 651 412 | 614 TJ45 1 162 1941110
16 {7500 550 | 965 (25.2] 83 (100 | GB2[20.9| 1.\ | 701 | 349 | 5.23] 549 | 547 | 584[12.3
{7 12500 407 | 9761201 81 {100 | 609 |20.1 ] .0 | 42| 352 |4.43| 396 310} 3931131
18 |2500 27,5 |97 117.0 ) BI 99 | 514 | 2N R A~y 1 71V ] 2771 3770 273 | 264 306|\16.5
19 2500 133 19462 (137 80| 18 | 444 |20.5%| oR | @6l | 38412.92] 162|154 202|179

20 {2500 —— | 972 [10.V| 82 | 24 | 2«2 |In77| 06552262177 107 87| 154]\8.5
21 | 700|281 V.0 BS | Dz 264 ] )0 | 2850 2471V 6H [ v351v25] 145 19.0
ENGINE INTERNATION AL D40/ DATE 5/10/72 WET BULE TEMR,°F GG

RUN © BAROMETER, tuHqy 29,07 DRy BULBR TEMP, °F_T13



€2-D

[ imeloman e o] AR e TS APERATURE °F [PES T Ricrion] €0 A i MDVE [HoIR (e | Cov. | .
7 !:?Etn] PRWER ;FLN«‘ i‘;r :’\\‘;,'INTAKE‘F |E><H~ [lNT»AKE[En\Au:Ti lals i ToO. ;’rr’,"‘,}! i #10, { NO, \HO;‘ o i
MOPE | REM | hb [P [So/ie ] AR | [AUST [inmofin y, (pEm] bpe | % [ ePm | pRm [P | 0o |
b 700 | —— | 304 W | B2 901427 22| O A% 2701 0271128 107 | 155 ] 18,7
2 N800 ———— | 740| 56| 81| 90 | 2872 | 9| 03]829] 222 V.47 @7 | 4R | 87 | 1RO
3 N800 12.0 {7121 BT 19| 90| 216 {1 vA | 04| @OV 26V 235 148 (125 VI3 1172
4 [\BDO| 24.0 {720 ]12.3| BO| 90| 406|117 | O5] 750 211|224 274 | 2\8 | 266 | 12.3
5 [\B00| 26.C | T73¢[5.8| BO| 9014221\ | 08| 22| 422|418 3268 | 324 | 281 [14.2
© {\BOO| 480 [726[190] B1] 90| 5)7]11.5] 06]750) 229|513 ) 545|484 525]12.6
7 [1800| 0.0 | 729 |23.4| B 9t | @) V1.2 OO0V 470 6.200 727 | T\T| 7540
B (1800 192.0 | 713 127.5] 82| 9V | 193 |vi.2| ©.9]|849] 923 1.22| 871 | B97| 208 9.1
S 1800 AAD | 72G[22.5] B4 | 92| NE|W.4] V.V | 2369|2147 340 [1067 [10R6 |20 7.2
10 (VB0 966 | 712 ({292 51 93 1062 (V2] 1.21592217035] 9.44[1189[1189]1233] 4.5
Py 00— (292 v | 9l 91 | S63] V9| 0.11434 | 248 | 32| 142 | 1206 155(18.32
12 |2500] (0B, 950 (43.4 1 84| 9% | 753(20.2| 1.4 | 7301717 | 8.32 1418 [1225 1219 | ©.9
13> [2500] 95.8 | 959 ]40.2| BG| 99 | 9581203 1.2| 582 B48 | 75512771178 |1223| B.2
} 4 12500 B82.5 19541337 86100 ] B6l |202) 1.2 ] 523 524 16.837) 980/ 959 981 9.7
15 12500 1.5 {965 {29.2| B5| 102 | 764 120.7] v\ | 513|402 |5.88 | 749 | 701 728 |\1.2
e |2500 542 | 965 (247 85| \02 | A7 1207 | 1.0 | 5531 350 |5.07 | 544] 507 549 [12.5
17 |2500] 40.0 | 977 (20.6] B4 ] 102 ] L92|21.0| 0.8 ]474|353 424 275 | 247 | 294 [\2.0 |
18 12500 27.5 [ 966 ['8. 1| 84| 1072 | 512 1207 | 071543356 (2.52| 2732 227 274(\4.7
19 2500 12.5 | 964 |'2.2| 82| {0\ | 4441207 | 071454282 12.67 | V6! | Vi5 ] V523|158
20 (2500 {972 1\0.6] 82| 9 | ZIE 299 | 06| 57721384 12.03| 93| BG| 125(16.8
2V | 700 —— 280 | .G BG| 92| 2&C| LY ] 0.1 1434282161149 ] 87 145]117.8
ENGINE INTERNATIONAL  DAOT DATE 5/11/72 WET B0ULE TEMP,°F 65

RUN 7] BAROMETER , tn \y iu DRY BULB TEMP, °F 712



$2-D

ENGINEOBSERVED) AIR [FUEL | TEMPERATORE,°F |RESTRICTIONS FIA INDIR |JNDIR INDIR|C.L. {C. L. o
SPEED, | POWER, |FLOW,| FLoW), |INTAKE EXH~ [INTAKE [EXHAUST| HC,| CO, | CO, | NO, | NO, |NO, | *-
MODE | RPM hp o /ir] P ne | ALR FOEL AVST[in K0 |in Hy |PpmC| Ppm "/ol Ppm | Pbm [ Ppw | %
i | 700 301 | VY 95 1109 |—— | 2.3 0.0 5300 27V LAYV 156 (116 [ V45| 185
2 (2100 838 | ©.7| 92 1oy |—— 155 0.3]| 760 285| .82 | 93| 58| 9% |17.9
3 12100 26.6 | ®40114.5] 9} 99 |—— ] 15.6] 06| ©50| 367|359 | 280} 227 ) 284)15.4
4 (2100 s2.5| 8331238 30| 99 |— 1153 06| 40| 428 | 5A47| 598|528 | 565 | 12.5
5 (2100 78.4 836 (219 9V 100 |— | 15.2| 0.9 740] 743 | 1.09 |1084 | 96& [ 1047| 2.2
6 [2100] 105, 818 142.8| 92 | 103 |—— [ 14.3| 0.8 | B40|5793| 9.54 {1349 | 1244|1244 4.9
7 | 700 294 | v D410z |— | 19) 00| 510] 22, | V47| 17| 1235 | 55| 1B.4
8 [23200] V10, 895 46.210 92| 90— | 12| .21 970142411 9.47 |1\52) D42 423 5.3
9 [2200| 82.8 | 894(22.8| 93 Ot | — | 17 Wby 705 6831 7.32 11248 {158 (1203 9.2
10 [2300] 55.2 | 907{24.0| 94| 92 |— | V1.9| 0.B| k5| 405|540 | 598 | 556| 55 (12.4
11 2300 27.6 | R9) |V5.2| 92 95 | — | V17| O | ©@B0| 3551370 279 | 236 32\ |15.2
12 {2200 898 | 8.4 | 92 97 |— | V1L.B| 05| T60| 284} 2.03| 93 % | V25 |11
13 | 700 —— 1 3061 .51 92 |i00|—— | 2.2 0.0} 555|247 | 1.52| 1235 | 126|135 {134
ENGINE INTERNATIONAL ©40T DATE _5/9 /72 WET BOLBTEMP,°F_G7

MAPPING RUN _M-1 BAROMETER, ln Hg 290G DRY BULB TEMPR,°F_T8



§7-D

ENGINE [OBSERVED| AIR |FUEL |[TEMPERATURE,®F |RESTRICTIONS| FIA |[NDIR |[NDIR INDIR|C.L. [C. L. o
SPEED, | POWER, [FLOW,| FLOW [INTAKE EXH~ INTAKE|EXHAUST] HC, | €O, | CO, | NO, | NO, | NO, | =
MODE | RPm | hp  |"™m/f ™/ | AIR FORL] ost in W0 fin Ha |PpmC| PP % | bpm | ppw | obm | %
1 | 700 2220 1.6 95 |10V |—— | 22| 0.0 580|271 L4 | 142 | 102 | 145|188
2 12100 32 7001 92 99 |—{152] 04|60 3621182 92| 58]0l | \B2
3 12\00| Zlkdo | 844 142 97| V00 |—— 154 | O5| ©IO| 355 |3.58|273 217 | 274|154
4 (2100 £2.5 [ 845(22.4| 91 [ 04| — |54 0.7]| ©30| 383 {540 606 | 50\ | 538 12.5
5 2100 78.4 | 822|324 21 99 | — |5, V-V | 740| 776 | 7-47]1079 | 917940 9.2
6 (2100 105, 808 142.6| 92 95 | —1Vva4 | 1.0 790({GITH | 97012551175 |\ 85| 4.9

7 | 7100 2281 Lyl 95| 97 |— | 2.4 O.0| 500} 224} .47 | 170 | 155 119 113.06
8 |2200| V10. 8751459 23| 98 |— V1.0 ] 1.2 [1020|5097(9.63 [\S40[1297]1452| 5.3

9 (2300 B82.8 [ 8922441 93 | \0Of |— {17.6] WO | ©6O| 104|7.62 1275|113} [\154] 9.1
10 {2200 55.2 | 9061(24.9] 93 {101 |— |18 | OB| 65| 2392|566 621 | 545| 554(12.2
1L 12200 27.6 | 910(16.3] 94 [ 102 |— | 8.3 | 0.7 |6G55| 242|388 | 208 | 259 | 306|151
12 {2200 905 | 8.2 %72 | 102 | —|18.2]| 0.6]720] 361 [2.03| 107 [ V06| V25117
13 [ 700 — | 285 .4 22| 9 |— | V\.9| 0.0|5065| 224 1.56| 149 | V25| 130 |18.3
ENGINE INTERNATION AL D407 DATE 5/9 /72 WET BOLBTEMP,°F_©7

MAPPING RUN ™M-2 BAROMETER, ln Hy 29.08 pRry BULB TEMP,°F_15



9¢-D

ENGINE[OBSERVED | AIR  |FOEL [TEMPERATURE, °F [BOOST [RESTRICTIONS [FiA [NOIR INDIR [NDIR [C. L. [C.L. IPOLF\E.
SPEED | POWER, |FLOW, |FLOW), [INTAKE EXR1PRESS, [INTAKE, [ExwAusT| we, | €0, | Co,, | NO, | NOy, | NO, | @,
MODE | RPM | b [P [P | A | | roreo] M [ a0 i Hy [prm €[ bbm | 0 | bEe | bpe | Ve | Y
1 800 | —— | 78| 30| 5| 90 | 2621 00| 1.8 0.0 | 1256 692 [ V.53 A6 1 B | 22 | —
_E, 1500 - ©b44| 18] 65 BE | 233] 0.7 | 4.8 | 0.2 |320012104 | 149 9 472 Ve | —
3 1500|120 | @11 ] 06] 65 | 90| 420] 18| 52 | 02 2400 106t |20y | a5 |10 | 62 |——
4 1500|265 | 718 Y48 | 0o | 9V | 53B) 34| 6.2 | 02 |14B8| 634 |4.18 | 176 | 204 [ VTG |~
| S_|1500) 390 4 7471841 €7 | 92 ) 6354 55| ©4 | 03 1512 | 451 1518 1 278 | 290 | 266 |
G 1500 52,5 1784|2201 ©7 1 94 | 741 | 81 | 72 | 04 |1296] 454 | 6.05] 37¢ | 358 | 249 | ——
7 500 65.0 | 793|262 ©8 | 95| 83410.0 | 14 0.5 1280 | 488 | ©.80 | 4B2 |47\ | 466 | —
_B 1500} 785 8421294 70 | 94 | 947 |13.3 | 83 | 06 |1072| 662 | 7.58 | 554 1 60B | 599 | — |
9_|1500| 915 | 819]3.5| 70 | 94 [1010|16.2| 90 | 05 | 736 1332 | 844 | 709 | 720 [ 711 | — |
10 [1500] 102.0 | B6712964 72 | 97 [1090}18.6] 94 | 09 | 592 12409 | 8.7 | 136 | 154 | 167 | —
it | 800 278 281 TV | 99 | 5320 05 VW7 | 0.0 | 528 | 584 | 53 122 [ 14 {112
| )2 |2200 | 135.7 11453 156.0 | 10 | 36 | 9971265 250 | 27 | 56| 483|792 |1152 | 931 | 917 | —— |
13 12200} 120.3 1415|516 | 73 | 97 | 9901248 |22.5 | 2.5 | 40 | 409 | 768 | 862 | BS) | 837 | ——
14 |2200| 103.4 135} 144.6 | 73 | 95 | 9441212210 } 22 | 656 | 23C 1699 | 647 | @3] | ©B2 | —
| 15 12200 86.5 [1310 [39.8 | 75 | 94 | 895118.4[20.5| 1.9 | 688 | 136 | 645 | 530 | 556 | 55) | —
16 |2200] €82 (11871330 74 | 94 | B20{14.2 [16.7 | L6 | 640 | 150 | 578 | 366 | 387 | 382 { ——
_17j2200| 52,1 |\14) 276 | 74 | 95 | TAS |10 |155 | 14 | 592 | 164 14.99 | 295 | 306 | 292 | ——
\® j2200| 337 1080|226 | 74 | 94 | ©c4 | 17 1127 1 1.2 | 704 | 255 | 446 | 215 | 2221200 |
19 12200 ) 176 (10331178 | 74 | 94 | 58c | 5.4 |12.5 ]| 0.8 | 768 | 348 | 3.5) | 157 | 167 | 143 |
20 [z2200 95311201 74 | 93 ﬂjéj 2.5 1107 | 6 | 992 5371255 G4 92 A:%&‘ —
20 | BLO| —— | 359 26| 73 | 93 | 32| 0.0 | 1.7 | 0.0 |\008 {449 | 1523 | 55 | 89 497 —
ENGINE JOHN DEERE 6404 ome 3/3 /12 WET BULE TEME,F 54
RUN 1 BAROMITE R, in Mo 2920  DpRY BULB TEMP., °F 71



LZ-DO

ENGINE[OBSERVED FUEL |TEMPERATURE, °F |BOOST |[RESTRICTIONS | F1 A |[NDIR [NDIR NDIR [ C. L.
SPEED, [ POWER, FLOW), {INTAKE EXR. fpRESS, [INTAKE, [Bxnaust| we, | co, | co,, | No, | NOy,
Rem | wp o e | romeo] s o a0 [ Hy [pem C | bpw | Ve | bem | b
B80OO 25| 4 | BO | 472 1 0.4} v,5 | 00 |1\B4| 3OV [ V.52 | 92 | BT
1500 | — 1A wd | B8O [ 42 | W2 450 | 02 |16 %44 1177 BT BT
1500 12.0 10.2 | o4 S 1456 | V8 | 52 | 0.2 [ 1456 | (77 | 297 13 95
1500|  26.0 14.0 | G4 | B85 | 541 | 35 | £ | 02 |68 | 474 |4.02 | 165 | 183
15001 390 18.0 | ©% B8 | GA) | 20 | G.O | 0.4 11088 ] 202 |4.95 | 262 | 255
1500 3525 220 | @4 S0 | 740 1L | .5 | 05 [ 08B 200 | 5.5 34 | 229
1500 | €50 l262] ©a | 92 1829 ] 9 | 1.0 | 06 | 120] 259 | 667 | 46e | 431
1500 18.0 2057 64 | 94 | 918 (2.4 BO | 08 |116B | 483 ] 7.34 j 58 | 529
1506 | 91,0 26,0 @1 | 9 | 994 [157 | 9.0 | 1o |16 [voso | 800 | 697 |Gaz
1500 | 1035 408 | G | 97 (1074 1185 ] 9.5 | 12 | 90 | 1966 | .28 | 648 | 162
00 751 65 1100 | 630 o5 L5 ] 0.0 | Bkd | 353 1759: [ ‘77478
2200 | 1249 5G.3 1 4 110z | 945 12321250 5.0 | BOD| 4621 9.06 1240 11155
2200 121.0 508 | o4 90 | 992 |23.5(22.5] 2.9 | BI6 | 320 7.24 | 943 | B4Y
22001 104.1 448 | 65 | 90 | 9% 1207 1205 1 2.6 | 184 | 359 | 678 | Gll | ©03
2200 B S 390 | ©S 90 | 897 (V7.2 (V85| 222 | 136 | 99 {615 | 517 | 444
2200 ©9.7 24.8 1 66 90 | 833 {144 (V7.5 | 2.0 | 704 87 | 5.715| 440 %90
2200|512 28,0 | G | 90 | 154 [10.5 [ 150 | 7 | 640|128 |a.9¢ | 294 | 28) |
2200|  34.5 225 | ©e | 90 | @73 | T 1.0 | 14 | 640 (436|420 | 219 | 207 |
2200|219 205 | ee | B |25 59 125 | 12 | 656|454 | 350 | 158 | 163
2200 12.5 ) 67 ' S BC 1497 | 3.0 1S 0.9 | BI6 | 562 | 252 83 | 79
BOO | — 2.5 ©7 g | 241 00| w8 00| 784|567 |25, | B3 80
ENCINE JONN DEERE G404 pale 3/ © /12 WET BULE TEMF,E (O
2 BAROMI VL P, in He 29,42 DRY BULE Teme., °F 12




82-D

ENGINE|OBSERVED | AIR FOEL [TEMPERATURE, °F |[BOOST |RESTRICTIONS [ F{A |NDIR [NDIR (NDIR (C. L. |C.L.

SPEED | POWER, [Flow, |FLow), [INTAKE EXR 1pRess, [INTAKE [Exwaust| we, | co, Coy, | NO, | NOy, | NO,
MODE | RPM Wp e/t | P | AIR FUEL sjaz; n By [in H,0 [tn Hy |Bpm C | ppwm VA Phw | Ppm | Bpw
1 R00 359 7.8 70 90 {498 | 0.2 1.7 0.0 ] 768 | 492 | 1.66 56 88 ©38
| 2 1500 T |40 | 1B | _6Y ) 90 1401 1 o8 | 48 ) 0.2 11408111381 2.071 9 | 37 25
3 [1500| 125 0a6]100] 71| 90 [462| 15| 50| 02 1126|987 | 214 | 27 | 8S | 57
4 [1500] 26.0 @83 [ 128 | 10| 90 |550 | 22 | 57| 03| 90| @12 (422|128 (174|144 |-
5 [1500| 39.5 |724 118 | I0| 90 |55 | 5.1 | 60 | 04 | 928 | 425|529 | 225 | 250 240 | —

© 1500 520 786|232 €| 90 [ 753 | 8,1 | 72 | 04 | 970 | 292 |6.24 | 205 | 323 | 223 | —
7 1500 5.5 11951265 9 90 |1 824 [10.0 | 74 | 05 |I072| 45} | 7.0 418 [422 1422 |
8 1500 77-52 B\7 [306] 70| 90 | 92) |26 82 | 0.5 [1152 590 |17V g 512 | 512

5 [1500| 91.0 | 864 (26:2| 10| 90 [1017]15.7 | 87 | 0.6 |1200 1235 |8.50| ¢41 | 635 635

10 |1500) 102.5 | 38} |41.4 7V 1 90 1082 18,8 | 95 | 0.7 |1056(2228|9.04) 827|789 | 755
| 3591 25 70| 92 1507|023 | L7 |00 | 912 297480 84| 98| 93

12 (2200 | 124.9 114068 [56.4 | 70| 94 | 956 |25.9 (245 | 3.0 | 896 | 550 | 7.96 | 1129 [1185 | 1130

13 2200} 121.0 11293 |51.0 | @9 | 92 | 975 |24.1 |230 | 2.7 | BBO | 452 | .31 | 858 | 847 | 825
14 |2200] 1024 1327(44.6 | €9 | 91 | 944 |21.2 |20.7 | 2.6 | B4R | 339 |66 | 04] | 614 | Gl4

15 |2200| 87.3 [1285(39.8 | 70| 90 [892 |18.2 (197 | 2.2 | 816 | 265 (626 | 511 | 496 | 491
16 [2200] ©8.9 1174|228 | & | 91 824|158 [16.5| 2.0 | 152|267 |5.70] 261 | 363 | 258

17 |2200] 52.1 11151292 70 | 90 | 7551106 115.0 ) 1.6 | 6BE | 209 |5.74) 383 | 365 36)
18 [2200f 34.5 1106212241 70 | 91 |67V | 1A |12.31 14 | 704 1 36) 1425 207 | 195|152
19 |2200| V7.6 (10V7 (178 ) 70 | 92 [ 5901 A9 112.5] 1.2 | 752 | 483 |3.55 | 14Y | 136 | 129
20 |Z2200 93 [11.8 10 9_2_ 460 1 20 1ieh 1 08 | 3RO [ 622 2681 T4 | T0 52
21 | 800l —— {349 25f 70| 91 |zi2] o] 2l oo | 764|521 {154 65 | 68 | 45
ENCINE JOHN DEERE 6404 paie /@ /72 WET BUL® TEME,°F G4

RUN 3 BAROMITER, in Hy 2971 DRY BULB TEMP., °F 76



67-0

ENCINE|OBSERVED | AR [FUEL |TEMPERATURE,°F [RooST [RESTRICTIONS [ FiA INDIR {NDIR [Nmir | C. L. {C.L. XPGLM?.
SPEED, | POWER, [FLow, |FLow), [INTAKE EXR 1pRESS, INTAKE [DmAust| we, | co, | co,, | NO, | NOx, | NO, S,
MODE | &P | wp (B | | e | vomeo] i B o 140 [n g Tovm € L wpw | 7 | bem | hpe | W | %
1 BOO 2591 261 10 D24 1462 0.2 | 1.7 0.0 | 168 | 522 | 1.63 8% | 78 | 15 | —
|2 11500 — | 644 74| 10| D4 420 1O | 52 | O.1 |1292 11160 | 2.03 27 23 0 26 | —
3 [1500] 125 |GGl |10.2] 70| Y4 [a70| 1B [ 55 | 02 |11s2| 983|295 | 3 | B2 | 55 | ——
4 [1500| 26.0 [ 703 [14.2 | 70 | 951544 34 | 6.0 | 02 | 976 | ©BO | 414 | 145 |14 [132 [ ——
S 1900} 220 | Y8 B 0 | 94 16571 52 ) 3 | O3 | 836 | 4BO | 5:06) 241 1229 ) 738 ) T
G 1500 525 1748 122.4 1 G | 94 | 762 | 16 | 08 | 0.4 | 944 | 487 | ©.12) 339 | 304 | 304 | ——
7 |1500| 655 | 820|275 70| 92 | 849 | 106 | BO | 0.5 [1008 | 508 | ©.18 | 433 | 397 | 297 | ——
B 1500 8.0 | £33 12021 0| 9T | 926 {120 | B3 | 06 [1040 | 519 | 7.57 | 540 [475 | 475 | T |
| 9 1500 910 [887]268| 0| °7 1017|166 | 92 | 0.9 (1056|1254 | 822 | 666 | 602 | 597 | — |
o [1=00| 1025 [859 (298| 10| 90 [10% | 18.0| 87 | 0.7 {1008{2328| 888 | 829 | 735 | 135 | —
1 BOO 269 | 2.6 0| 90 | 54| 04| 1.7 ] 00 | 944 475 08¢ 84| 97 82 | ——
12 12200 | 136.4 |146G |56 4| 70 | D0 | 989 | 260 125.0 | 2.3 |1024| 590782 | 1185 1096 | 1069 | —
12 {2200 119.5 1129} |50.6| /0 | 90 | 982 | 238 [22.8 | 2.7 | 944 | 456 | 118 | BB3 | 845 | BAS | —
I4 23_00 104 \7 122545 .4 ) IO _()0 950 %g_?_ %Clj' 2&7 ‘)_Z_Q 3?)2 6:9| (07_1 63577 @57 —
15 |2200| 865 [1297(40a | 10| 90 | 899 [18.4]20.0 | 2.1 | 8v0 | 259 | 628 | 512 | 495 | 490 | —
"1@ 2200 B9 [1182 [32.6| 70 | 90 | 832 [14.2 | 17.3 | 1.9 | 784 | 248 | 572 | 294 | 283 | 274 | —
17 f2200] 513 [z 205 ) 90| 90 1729 |10.6 | 198 | 16 | 120 | 289 | 507 | 281 | 266 | 262 |~
s |2200] 345 |05 |22.4 10| 90 72| 7.3 (122 | 12 | 726 | 368 | 4.27| 203 (194 | 1B | —— |
19 |2200| 176 1016|175 | 10| 90 | 590 | 49 [12.3 | 10 | 152 |41 | 248 | 146 | 138 | 127 ||
20 12200 972 |12.6 | 70| 9V [478 | 2.6 |'1.0 | 0.5 | BGA | 598 |2.42| 63 | 82 | 54 ||
o1 | 800 | —— 369 | 22| 10| 90 |za0 | | 7] o0 768|499 |12s]| 55| @1 | 37 | —
ENGINE JOHN DEERY GAC4 pae 3/4G /72 WET BULD TEMP,oF GG
RUN 4 BAROMETER, in Ho 2923 DRY BULR TEMP,, °F 16




0¢-D

ENGINE|OBSERVED | AJR |FUEL |TEMPERATURE,F |BOOST [RESTRICTIONS| F1A |NDIR |NDIR |NDIR [C.L C.L. [POLAR.
SPEED| POWER, |FLOW, | FLOW, [INTAKE EXH. | pRess, [INTAKE, [ExsAusy| HC, | €O, | COz, | NO, | NO,, | NO, | O
MODE | RPM hp B, B | AIR FUEL ELTREB_O in Hg [inH 0 [inHg |ppmC | Phm | % | Ppm | BPm | Bbm | %

1 880 AR5 251 T S9¢ | 517 0.2 1.7 0.0 | GB88| 468 [1.64| 73| 66 ©3 | —
|2 1700] ———— 728 | B2 | T} | % 1467 | 16 | 65| 02 [1120] %4 12,02 | 27| 26 | 14 |——
3 1700 255 1802 |16.0] 1Z | 97 [£95 139 | 77 | 03 | 832 586 [4.00 | V36 [ 129 [Vi2 | —
4 |1700| 515 870 (252] 12 | 98 |178 | 9.0 | 9.0 | 0.4 | 848 260 | 583 | 298 | 271 262 | — |

5 [1700( 765 | 959 [34.6| 72 | 99 |905 [14.8 |107 | 07 | 944 517 [ 115 | 530 | ans [480 | —

6 {V700[101.0 [O74 |42.4 T2 1100 [NOVT [ 2v2 125 L) {9600 (v107 [ 8.20( 212184 | 347 | —

7 | 870 376 | 2.4 14 {100 | 5601 0.2 VT 00 | 120 456 | 1.5) 13 12| o7 |—

8 1900 ]126.7 11222 149.0 | 12 |10} | 970 121.9 | V1.3 | 16 | 960 | 739 | 7.95 11029 |957 | 944 |

9 1900 | 950 [1077 28.8| 12 | 100 | 954|173 1155 | 12 | 928 ]443 | 702 | ©)2|558 | 558 | ——

10 1900 | ©3.3 1002|292 | 74 | 98 | 857|118 |17 | 1.0 [ 8OO | 28G | 5.58| 340 | 300 | 295 |~
11 [1900 ) 34T ) R90 14841 713 1 98 | 702 ) 59 | 9.5 | 0.b | 104|457 | 4.00) 164 | 150 | 14) | ——
12 {1900 827 9.8 7> | 91 | 504 24 | 83 | 03 | 804 039 [216| 547 44 | A0 |—
13 | 850 —— | 357 | 2.4 72 | 98 |44 | 0.2 1.7 1 0.0 | 8l |537 13| 45 44 30 |
ENGINE _JORN DEERE (404 DATE 3/7/72 WET BULB TEMP,°F &9

MAPPING RUN

M_

\

BAROMETER, in Ha 2913

DRY BOLB TEMP, °F

16



1¢-D

ENGINE/OBSERVED | AIR |FUEL [TEMPERATURE,®F |BOOST |[RESTRICTIONS| FIA |NDIR [NDIR |NDIR | C.L C.L. [PoLAR.

SPEED| POWER |FLOW, | FLOW, [INTAKE EXH.IpREss, INTAKE, [ExHAUST] HC, | €O, | COz, | NO, | NO,, | NO, | O,
MODE | RPM he  [Prsie [P | AIR FUEL ":SREB:) in Hg [tn M0 1in Hg [ppmC| Ppm | % | PP | ¥k | PPm | %
1 860 A7 2.5 14 98 | 444 | 0.7 1.7 | 00 041 2271162 | 5 T 55 | —
2 1100 — 122 841 4 OB 1422 | 13 | 5] 0.2 | 120 103026 | 27 42 25 | ——
3 |17004 250 | 792 | V6.6 14 | 3k | 565 | 38 | 7.5 | 03 | 84 DO |43 136 | 154 | 124 T
4 |V100] 51.0 §75 15"4___5 9r 142 6& 90 | 05 8@4 77;—';857”5.‘37 3‘97?} ”7264”:114“_—__
5 1700|955 | 981 (252 | 15 | 22 [ eEg |10 | 113 | o | 992 517 [ 722 | 218 [494 |4BS | —
6 [VI1001102.0 |1020146.0| T | 94 |1020120.9 [ 127 ] 1.2 | 960 [1240 | B.32 | D10 | 854 | 844 | ——

7 | 810 27 2.8 16 92 ©\2 2 W7 ] 00 | 152 455 | VT 83 96 B2 | —
| B 1900 11754 112551495 | 16 | 34 | 9951227 1175 | L6 | Y60 | 826 | 8.22 | 1071982 | 955 | ——
9_|1900 ] _95.0 |1054127.6 | 16 | 94 | 956 |17.2 |'3.7 | 1.2 | 928 | 48 | 716 | ©24]57) | 553 | ——
10 1900 | 62.7 97712840 77 1 9% | BeO (V1.4 (117 109 BI6 | 309 | 597 350320 | 326 |
11 [1900] 200 | BG! {17 | 78 | 94 | 722 | 57 | 28 | 06 | 720|469 [4.40 1 \74 1 V13 | 168 |—
12 11900 Bz41 98 17 | 92 1540} 25 1 A2 104 | 864 | 650|2.42 ] 2 7y | 54 ——
13 | 850 ——— | 234G | 2.2 17 ] 92 (49| 02 [ w7 {00 |722]504] 56| B4 2 o4 |—
ENGINE JORN DEERE (6404 DP\TEM WET BULB TEMPE,°F G9
M-2 BAROMETER, in Ha 2915  DRY BOLB TEMP, °F _78

MAPPING RUN




2¢-D

ENGINE|OBSERVED| AIR | FUEL |TEMPERATURE °F |RESTRICTIONS| FIA [NDIR [NDIR [NDIR {C.L. [C.L.

SPEED | POWER, |FLOW, | FLOW, [INTAKE EXRH- [INTAKE(ExwAUST] HC, | CO, [ L0z, | NO, | NO, {NO,, 01’
MODE | RPM hp B e ‘t"‘/m AIR FUEL AUST [Ln H,0|ln Ky |PPMC| Ppm %/ Ppm | bpm | ppm VA
V| eBo|——| 93| (3 | 713 | 727 |——| 08} 0.1 | 138 | 4/5|a.54 227| g22|7
2 1400 |——— 1195 19 | 22 | 7¢ |——| 5.3 ]| 03 | 138 | 222 | 228 |—| 4| p1|—
5 li400| 20 1€ 131 | 22 | 2 |—| 48 | 04 | 147 | 219 | 393 |——| 179 | 192 |
4 {l4qo0]| 4.0 1175 | 3.4 73 | 1% |——] 4.4 | 04 | 1s8| 213 | 925|—| 2:0| 233 |{—
S |l402 | 4. 174 |42 | 25 | 7 |——| &2 | o0& | 189 | 262 | S47|——| 276 | 300 |——
© |1400| 8o 1M g | 12 | 74 |45 |05 |209 | 209 | &711|—]| 29g| 220 |—
T {1400 | 101 172 | s | 73 | 72 |71 43 |0& | 19| 282} 649 |~ | 297| 316 |
B 1400 | 12 170 | 4 9 a2/ 72 |™ | 9.2 0.5 | 495 | 287 781 |—| 312| 319|—
S |1400 | 14 167 | 7! 7 22 |—— |29 | ok | 190 | 299 | Bee || 307 | 316 |
10 | /400 i6.d 163 | B.4 N2 7 |—| 3.¢€ 0.8 | 291 (1914 |[10.22|— 2497 | 28§ |—
V| g0 —————1 89 | 11 72 79 |/ 1.8 0.} e | 294l asol™ | an | 223 |7
V2 |2400| 2¢.2. |18/ |i56 ne | 24 |7 lio.0 | 1.8 | 1pgq |l2g03]i028| 7| 810| 2|
V3 lagoo | 24.5 28/ |12.3 | 74 29 |——1 %% | 1.7 | 202] 4492]| Beq4l——)| 359 | 254 |——
14 |2900 a1z |28/ (e | 25| % |——] 92| 1o |250| 390| 8.24| | 86/ | 292 |——
1S (#4921 173 28/ | 94 74 | 1 |7 | 20 | 1.4 | 328 44| ¢18|7| 223 | 323 | T
1o |24900]| 141 287 | 88 s vie DN Dol B N A I - 196 | q462| S|/ 226 | 225 |——
V7 [2900] 9. 287 | 68 | 74 | 717 |/ 95 | ,.0 | 206| 286| 499 |——| joo | 192 |
1 [2gen]| 21 293 | b.2 4 M |l—— 18 | ;.o | 220| 13| 938|—| 125]| 154 |7
19 j24-~| 3.2 2817 | sz | 93 1M /118 09 | 22¢4| 31| 29| T 2| tae | T —
20 Jraco f—— 299 {a.: | a2 | 29 |—— 130 | 29| sss| 927| s0e|7™— s9| 29|
2\ | v | T | ;u 7 iy | 1z | 9.4 81 2304 2.s0l— 157 | 199 |
ENGINE MERCEDES -BENZ OMG36 DATE /4 /13 WET BULE TEMP,°F 579

RUN [ BAROMETER , (n \-\5 29.23 DRY BULE TEMP, °F 1y



€€-D

ENGINE|OBSERVED| AIR | FUEL {TEMPERATURE,°F |RESTRICTIONS| FIA [NDIR [NDIR [NDIR {C.L. | C. L. |
SPEED | POWER, |FLOW, | FLOW, |INTAKE EXH- [INTAKE[ExuauST) HC, | CO, [ COz, | NO, | NO, | NO,, *
MODE | RPM hp B /e [ /e | AIR FUEL ] pus inH,0[tn Hy [PPmC| ppm | % | PPm | bpm |ppm | 7%
| | 700 2 ) v4 77 (07 |7/} 13 o4 {220 | wor | 781 |— | 164 | o8 |——
2 {1400 s | 2.2 73 j1oo |—| 448 0.3 Ibg gy | o || L2 | jog |—
> [1a00| 20 ne |1 32 | 14 96 |=—1 45 | 0.3 193 | 192 | 270 |7 | 145 | jgp |7
4 |1a00| 4.0 11935 136 | 1 | 94 [T | &) | 04 1149 | Zer | AFBIT——| 14 |19 | T
5 |l400 | 6! AR U T 92 |——| 40 | 04 |!w? | Ze5 | 4T —— 228 |29 |
© [ l400| Bo 171 | 4.9 1 g1 |—| 39 o5 |11, | 2es | c99|—| 256 | 279 |——
7 | 1400 | 10 tes 1 5.9 | 10 Gp |—— | 36 |0 | | 292 | To6|—— | 285 | 208 |/
B |l1900 | 121 le® | 6.4 no 90 | /134 o |172 | 314 nas|——| 277 | 2pq |—
S | jq00 | 191 172 7. 73 92 |/ 33 0. b lbo | ars 3.31 | —— | 2bo 262 | —
VO | 900 | 1b6.1 b6 36 75 94 |——| 29 0. 254 | 1466 - Ro (T | 228 | 279 |7
1] 900 9 14 1% 95 |——| 16 o0 |ny | 419 | z92{——| 245 | s |——
' 2 l2400| 282 [281 |17 74 (02 |00 | 1.9 (130 [167% |jo 8o || 2p5 | 28BS | T
'3 124900 24.§ 280 | 174 78 100 |——| 9.0 1.8 lob 444 sy | 722 | r22 |7
| & 2400| 272|285 |46 | 79 | 99 |—| 90 | 171|198 | 225 | s z|—|323 | s |
'S {24900 7.3 285 | 0.1 19 99 {— 1 G, 1.5 2986 462 | 725 |~ | 284 254 | T
16 | 2900 14, 286 | 89 | 78 99 |——| 94 | 1.4 | 516 | 390 | L.g3|—| 294 | 250 |7
V7 |2400] ! 772 | .4 | 78 v |l | 0 | 376 | 361 | S28 || 182 | j40 | T
'8 |24900] 7.0 292 | 6l | 07 | 10 | 0.5 | 1o | 299 1395 | ) BT 13 |40 | T |
V9 | 2900 32 292 | 54 | 76 39 | —| 1o |52 | 3¢90 | 2av|—— ng | ip2 |/
20 | 2400 292 | 40 | 75 | 14 S lizo | o javz 69 | 25T || 22| 47 | T
2\ ‘0o 29 [ 4 N4 £ ) 3 o} i4n | 2g | sl 147 |78 |7
ENGINE MERCEDES - BENZ OMbi6 DATE [ /4 /12 WET BUL® TEMP,°F §7
RON 2 BAROMETER,  {nWy 7928 DRY BULE TEMP,°F _7p



¥€-D

ENGINE|OBSERVED| AIR | FUEL [TEMPERATURE °F [RESTRICTIONS| F1A [NDIR [NDIR|[NDIR [C.1L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, |INTAKE EXH- [INTAKE[ExhAUST) HC | CO, | CO,, | NO, | NO, [NO. |
MODE | RPN hp B /e (B /e | ATR FUEL AUST |in H,0[tn Ky [PPmC| Ppm | % | PPm | bbm |ppm | 7
V1700 | ™| 92| 12 | 74 | W0 |7 ;3 | 0t | 270]| 4572 252 |7 | 138 | 17e |7
2 |#tq00 | ——— | 92 | I8 74 fro | —1| 29 0.2 | 328 | 597 239 |/ | 48 94 |/
3 |iqo0 2.0 172 | 29 74 o [—1| 39 03 |17 | 2kl | 384 |7 | J30 | 170 | T
4 l1q00 4.0 174 | 3.4 75 | 107 |7 | 40 | 04 b8 | 2852 | 452 — M | 202 | T
5 | 1400 6.1 171 | 4.2 178 108 |/ | 37 0.9 237 | 07 | 488 || ML |243 |—
G |14900| g.o 169 | 98 | 76 103 |—| 34 |05 |z240 224 p23|——| 389 |42 |——
T 1400 | 101 b7 | £4 77 lez {—| 3.3 .8 236§ 232 | L3I |7 319 | BoS5 |
B |idoo | j2.1 160 b.4 77 ied |—1| 3. A 2ib | 253 28 |7 | 302 | 304 |TTT
S |ya00 | i4.i 159 7.8 9 jor || d.0 0.6 266 | 317 8.84 |7 | 298 | 299 |—
{0 Ji480 | 6.1 Y 8.4 g1 foo | —| 29 0.6 232 1iSko {07 || as3 | 253 |—
(| ngo | —— | ¢z 2 83 foe |7 | 10 | . is2) 29 | 2S5 || 2i6 | 23] |7/
V2 (24900 | 29.2 29L | Isa 8o |01 {—| 95 | 19 186 2626 |92 {—| 3/0 | 3I1H |—
i3 (24900| 24.8 180 {39 &7 jos || 849 L8 192 {jpo? {lool |7 3p3 | 308 |/
i 4 {2400 2.2 282 | n9 9 1oy |——| 9.0 | 1.7 240 | 443 | 840 || 349 | 328 |——
15 |2¢00 | 192 287 |0.5 92 1ot | /™| 4.3 | )b A€ | o0 | V70 |7 | 3p5 | 368 | T
16 |2q900| 14.1 282 | %2 | N 103 |/ 949 | /4 400 | 438 | 7.1 || 258 | 258 |
' 7 |2g00| 9. 282 | 74 | 90 | 102 |—— 1103 | 12 |a40 | 399 S48 |——| sz | 188 |7
18 |2¢400| 9, 290 | ¢.8 8i 30 |—— 9.8 1.1 £12 | 336 | 488 |/ 139 | Ise |
19 2400 3.4 290 | 5.9 83 90 |—™| 95 | 10 | So4 | 387 | 409 |—/—| g2 |120 |/
20 |2900 | — | 293 | 4.2 | 83 91 |/ 99 | 10 |s16| 48| 287 || 39 73 |T
2\ 700 |7/ | 90 , I} 83 7z | +1 | o1 iy | 293 2| 1349 | 175 |/
ENGINE MERCEDES-BENZ OM636 DATE 1 /5 /93 WET BULB TEMP,°F S7

RUN _3 BAROMETER, in \-\3 29./% DRY BULBE TEMP., °F 70



Se-0

ENGINE|OBSERVED| AIR | FUEL {TEMPERATURE, °F |RESTRICTIONS| FIA |NDIR [NDIR {NDIR (C.L. | C. L.
SPEED | POWER, |[FLOW, | FLOW), |INTAKE EXH~ HINTAKE(EXRAUST] HC, | CO, |COz, | NO, | NO, [NDq, *
MODE | RPM | hp "™ /A, ["™/he | AIR FURL| st in H,0tn Ny [PPmC| Ppm | % | PPm | pbm [ppm | %
V{qo0 || q; | 1! 86 {03 0.9 o4 [ jz0 | 378 {188 || 186 | 171
2 {tgoo | —— 1 172 | 19 85 [ i0q |57 | 0-3 133 | a4 | @St [T ¢o 5 [—0
3 |iq00 2.0 Vs | S 84 o4 [ 4.8 0.3 J6Z | 2o | 397 || i29 g |
4 (1400 4.0 7 | 3.6 | 83 {10q |——1{ 44 |04 | /83| 22| 463|165 | 197 |—
5 |1400 | &1 19 | 43 | 83 {io3 || 90 |05 |185 | 294 | 531 |7 | 209 | 244 |——
6 |1400| 8.0 1t | 47 | 83 | i03 |——| 3.8 | 6.5 |206 | 278 | az|—| 249 | 281 |[—
7 (1400 | 104 9 |58 | 8¢ (103 |——| 37 108 |94 | 279 222|—| 265 | 283 |——
B | tdo0 | 124 164 | 4.t A | o3 |—| 34 0.6 64 | 286| 8.39|—| 289 | a91 |——
S liaoo | iq. 162 | 22 | 86 |iog |——| 33 |06 | 200 459 | 9.5i|——| as3| 288 |——
10 (1400 | 16 1738 | 89 | 88 | 103 |——| 31 [ 57 | 360 |i458 |1o45 || 246 | 247 |
(I 200 | —— | 5% I 89 1tog |—| 1.1 ol 131 | 334 | 2.5¢ |7 | 183|187 |
V2 ja24o00) 28.2 277 {152 88 11oq |—| 96 1.9 2 lagss | 10.84 || 280 | 280 |—
13 |2400| 24.8 275 |13.4 | 92 (104 |——| 88 | 1.8 172 722 | 994 {— | 3i0 | 315 | T
14 |2400 | 21.2 2974 |16 | 96 | 108 |7 | 86 1.7 198 | q05 | 877 | 328 |331 |
1S [{2900] 11.3 274 lio | G6 106 | T [ B84 | 1.4 282| 495 | 742|130 | 301 |
16 |2400| 14, 274 | 89 | 96 |09 |/ |85 | 1.4 | 30| 485 | 694 |—| 228 | 280 |
{7 |2400| 9. 275 | 13 | g5 |12 |—| 87 N 468 | 3b7 | S40| | /88 | 192 |
18 |2900 | 7.1 a8; | b6 93 | Jog |—| 9.0 Lo £556| 923 ) 4893|7138 | I1S& |
19 |24900| 3.2 281 | S6 | 92 |ive |T——1l/0-3 | o | 480| 3463 | 396| | 87| tog|
20 (2400 — | ag; | 29 | 92 |04 |—| 109 | 0.9 358 483 | 2949 | 9! v 2 -
21 To0 |~ | B3 IEART 106 |—] Lo | p 103 | 280 | 247|— 98 | 190 |
ENGINE MERCEDES-BENZ OMb36 DATE 4 /5 /73 WET BULE TEMP,°F 62

RUN 4 BAROMETER, tnWg 2913 DRY BULB TEMP, °F_14



9¢-D

ENGINE|OBSERVED| AIR, | FUEL [TEMPERATURE °F |RESTRICTIONS| F1A |[NDIR {NDIR [NDIR | C.L. [ C. L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE EXH- [INTAKE[ExnAUST WC, | CO, | CO,, | NO, [ NO, [ NDy, *
MODE | REM | kb | /iy | AR [T AusT | nofia iy [BPmC| b | % | ppm | ppm | ppem | %
J Moo | | 45| 1.2 | s¢ { 89 ol 10 | 280 474 12,07 | 228 | 180 | 194 |——
Z l/q00|——— B0 | 2.6 | s¢ | 89 [—| 51| 59 | 206 | 347 |245| 84| 42| 98 |7
3 [i4o0 2./ 178 | 2.2 | s3 88 |——| s.0| 50 | 177 | 236 | B.91-| 1S9 | joz | 140 |——
4 |l400 4.2 174 | 2.7 52 87 |— 1 4.4 | 94 15| 113 | 9.00 | 209 182 | 217 |——
5 (/400 .3 173 | 4.4 52 88 [——| 4.0 | 4.0 188 | 19 |s/0 | 225 | 229 | 265 |7
© |lq00 8.4 13 | = &2 88 |[—— | 3.8 | 3.8 174 (68 | 568 | 276 | 247 | 286 | T
7 {1400 | o5 115 | 5.1 £z g9 |—— | 35| 35 |18 | 170 |64 | 2221 294|317 |
B8 [1400 | s2.L 170 | L6 £q 9; ™| 8.3 | 2.3 140 | jgb | 790 | 298 | 288 289 |——
9 |ig00| 14.7 19 | 7% | s6 | 95 || 3.0 | 3.0 | 140 | 95 | 843|297 | 282 286 |7
1O [1400 | 16.8 lote 8.5 | s¢ 9L || 2.8 | 286 | 200} 7Y 338 | 227 | 239} 23|
b oo |— | 9y 1.2 R W [T 1o {.0 108 | 334 | 2.90 | 19/ Ll | 172 |——
12 |2400] 294 1279 1549 ] 3| 97 |——|iw.o |00 | j20[i748 |toes5| 391 | 302| 309 |7
13 |agqoo| 25.9 277 | 13.6 qz | o2 |——| 87 | 8.7 140 | §84 | 9.63| 290 | 32¢| 329 |
14 lagqo00| 22.1 283 | 1.4 72 1 toq |/ 9.4 | 94 | 200 359 | 789 | g902| 394| 349¢ |7
IS |laqoo | 18.5 286 | %8 22| 04 |/ 12,1 |2 260 378 | L8l | 359 | 2% | 302 |7
16 |2400| 14.1 286 | 9. 2 | jeqa ™l i2,2 |1z2 | 432 | 289 | &2 3y | A8} 232 |—
{7 |2400] 4.1 289 7.4 To | je4 |7 2.5 (425 | 3% | 286 | 507 328| 184} 200|
1d [24900| 7.4 296 | 3 69 | tez || 129 1119 | 500 2393| 4-28| 48| Hn | 149 —
19 |2400) 3.7 29¢ | &3 | 68| 103 |——| 2.8 |12.8 | 963 3S5| 362 lot 70| 109 |—
20 Jago00 | 7| 296 | 4.5 61 | oz [T 172 120 | 292 448 2.467| Ss5| 35| 48 |T
21 700 | T | 9gp 1.0 YA oL ™| 1.0 {.0 195 347 ) a.q90] 143 | 120]| lbo |
ENGINE. __ MERCEDES -BENZ OMb3G DATE / /8 /43 WET BULB TEMP,°F 44

RUN & BAROMETER  inWq 29.42. DRY BULB TEMP, °F _SS5



LE-D

ENGINE|OBSERVED| AIR | FUEL |[TEMPERATURE,®F |RESTRICTIONS| F1A |NDIR [NDIR [NDIR [ C.L. | C.L. o
SPEED| POWER, |FLOW, | FLOW, |[INTAKE EXH- [INTAKE[ExnausT RC, | CO, | COz, | NO, | NO, |NO,, *
MODE | RPM hp % /e [ /e | AIR FUEL AUST [in R0 tn Ry |PPmMC| PPm | 54 | PPW | pPm | ppm %
V {700} 94| 12 617 | 95 |7/ | 1.0 o4 | 103 ] 410 241 | 150 | 131 | 154 |[——
2 {1900 | /1 9L | 2.2 LS M |/ | 59 | #3 103 | 308 | 2.56| 11 b2 98 | T
3 llaoo 2.1 1m5 | 3.1 b2 | 102 T 49 | 0.4 133 1 29% | 347 139 11 153 | T —
4 (1900 4.2 175 | 3.8 b2 | 108 |/ 49 0.4 132 | 264 | 389 187 | 152 191 |7
5 |1400]| 6.3 173 |43 | 62 [107 {—— 1 4.2 |04 |/40 | 242 | 4.83| 269 | 220 | 255 |——
G [1400| 8.4 172 | 53 [ o2 [ 108 |—— {400 | 0.5 |51 | 289| bot]| 345 | 271 | 309 | ——
7 |l400 | /0.5 12 | 58 | b3 109 |—— 139 | 08 |132 | 248 | 6.50| 987 | 317 | 335 |7/
B |te00| /2.8 169 | 69 | b3 | 109 |——) 3.5 |05 |j20 | 277 817|356 | 327 | 329 |——
S [1400 | (4.7 169 [ 76 |7 |19 |/ 33 |06 Hs | 26S | 8.83| 359 | 304 | 30q |—
10 [1400 | 16.8 leq | 8.7 | 68 108 [——| 2. 0.6 144 | 827|100 | 286 | 277 | 217 |—
b 100 | — | 9y R toq |——| 10 o.l 104 | 422 | 285! 190 [ 170 | 182 | —
V2 |2400 | 294 275 {152 | 76 109 |——1 949 |/8 9 |1548 |1090 | 547 | 33§ | 336 |—
'3 124900 15.8 274 113.4 81 103 \(—19.¢5 | e i42 | 83| 983 376 | 369 | 33 |
V4 2900 | 22.4 280 {y.6 | B! 100 |(—/ | 9.3 | 1.7 180 | 349 | 8.49| 400 | 374 | 394 |——
1S |24900| 18.5 zZ8o0 | f0. 81 1oy |—| 9.8 l.b 260 381 127 342 | 336 | 340 | T
G |2400| 142 280 | 88 | 80 101 |—| 1.8 13 Joo | 330 | é4)| 310 | 270 | 290 | T
{7 | 2400 114 287 | 74 |78 |11 |/ |22 | ! 404 | 315 | 536|236 | 43 | 226 |—
18 l2q00 | 7.4 287 | baq | 78 |tor |—— 125 |10 |536| 278 | 448 159 |13 | )58 |
19 |2400 EX:) 287 | 5.4 79 1oz ™ |42.3 | .o |532 | 320 398| 93| B7 | e |/
20 [2900 | — | 293 | 4.3 76 |tez ™ |;29 | 2 | 300 | 37/ | 278 36| 45 26 | T
2\ nNoo| —— 87 | +2 75 | 103 |/ | ;.0 | @8 130 221 | 2.49%| 135 | 124 léo | ™
ENGINE MERCEDES-BENZ OMO636 DATE /9 /13 WET BULEB TEMP,°F 45

RUN 6)— BAROMETER , in \\3 _27—5-3_ DRY BULE TEMP, °F _60



8¢€-D

ENGINE|OBSERVED| AIR | FUEL |[TEMPERATURE °F |RESTRICTIONS| FIA |NDIR [NDIR [NDIR [C.L. [C. L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE EXH- INTAKE[EXRAsT) HC, | CO, [ CO,, | NO, | NO, [NO, |
MODE | RPN hp LAY ‘b.\/,\, AR FUEL AUST |in H,0ltn Hy {PPmC| PPm | % | PPm [ bbm [pbm 7.
) 700 | T 1 89|y | 13| 97 1| iz | o1 N | 360 | 233 166 | 1638 | 1727
2 V/4o0 | ————1 173 | 2.1 13 9%t |——| 59 03 1 g | 272 | 2.5 8= b6 1teg |7
3 |iIge0 2.1 173 | 3.2 71 q4 || 52 | 0.2 |28 | 295 | 3.0} 152 | 131 s |
4 1j400 4.2 i70 3.8 oy g4 |— | 449 o4 135 | 264 4.29 | 230 194 2277
5 | 1400 63 169 4.1 ! 45 |/ | 44 04 190 | 264 | 4.9 279 | 231 | as8 |7/
G | 1400 8.4 170 | 5.2 T L |/ | 42 0.5 1so | 272 | (.03 | 338 | 220 | 304 {7
7 Y1400 0.5 167 | 5.8 71 949 |——| 4.0 | 0.5 /32 | s | 708 | 3289 | 326) 349 |7/
B /400 ,2.¢ 167 | .8 72 9. |—| 3.7 0.5 i22 | 280 | 791 | 359 | 339 | 339 |7 —
9 j1400 | 14.9 16 | 7.8 74 | 1p2 || 37 o5 | 136|299 | 934 | 29, | 295|293 |——
10 {400 | ji.8 166 | 8.k 15 | jp3 |T——— |35 |o.L | 202|927 1015 | as1 | 257 | 2 —
'y | 700 | ———— | g9 | 1.3 77 | 104 |——]| 14 0.1 lez| 289 | 2.53] 182 | 169 | /B0 |/
V2 12400 49.4 276 |44 13 jog |—— | 9.7 /18 84 1830 | (09| 347 | 322 335 |——
13 |2400| as. 274 | 14.¢ 81 o3 |—— | 8% 18 Ito | BIL | jo0T| 36! 328| 33| ——
\ 4 |2q00| 22./ 280 | 1.3 82 | rog |—| 88 16 /80 | 923 | 8-2L8| 284 | 35¢ | 356 |7
15 [2400] /8.5 280 | a9 83 | 1oq || 89 | 14 | 222 414! .21} 394 | 250 30|
16 [2400| 149 286 | 88 83 | joq || Fq | 11 294 | 398 | 4693 365 3067 | 31b |/
17 {2900 1. 286 | 76 | 82| yoq [T l120 | 10 | 372 360| 545 245|207 | 224 |
{8 {24900 7.4 286 | b.4 Bil 1pg | {122 | 04 |qd40 | 218 | 4.54| 452} 13, iS50 {7
19 [2400 2.8 293 | .4 77 iog |— 2.7 | 59 408 3 313 1oy 781 Jes |7 —
20 (2400 | 7 1293 | 41 75 | jog |T—— 1127 | bB 324 dbo]| 24 6l 4 eq |7
21 oo | — | B7 | v 74 | /o4 |7 12 | e /44! 309! 2.496| y3q | h7 | 149 |7

ENGINE MERCEDES - BENZ  OMb30 DATE 1 /9 /92 WET BOLE TEMR,°F 47

RUN 7 BAROMETER v Hq 29.53 DRy BULB TEMP, °F _&3



6¢-D

ENGINE{OBSERVED] AIR [FUEL |[TEMPERATURE,®F [RESTRICTIONS| FLA {NDIR [NDIR [NDIR|C.L. [C. L.
SPEED, | POWER, [FLOW | FLOW INTAKE EXH- [INTAKE [EXHAUST| HC, | CO, [ CO, | NO, | NO, | NO, O,
MODE | RPM hp [P ne | AR FUEL AVST[LnH,0 |in Ho [PPmC| PPm | /4 ' Phm | Ppm | Pp=m 7%
! oo | ™ {7 | »2| 14 ¢ ie | a1 504 | 270 254 | 174 | 154 | 177
2 (oo |———\—— ) 29 | 5o | 99 |——| @v Vo5 |8 | 4. j2.82| 92| 71} 99 |——
3 |00 s.2 — 1 9.5 | 49 ot \——| e les |seol| 2ol gzl os| 8| 19 |——
4 |I1700 ! 104 — | &8 68 1oL |7 4.4 0.6 2ie | fre | o8 Fri | 2os 29 | T
5 1701 156 — | "3 {48 |z || b0 |08 (70 | 2= | 788 | 382 | 324 | 345 |
6 (oo | 208 |4 |70 Jins |7 €4 |09 150 /206 {1041 | 338 | 311 | 81 |——
7| ver | | 2 | 72 |ies /| 20 | 0 e | 472 | 292 | 209 | 491 | o3 |
B8 |5 s ZeZ oMz | e | te || »7 | 14 (49 |isz6 [tog7 | 269 | 229 | 227 |——
S |zax| 12 = —|te7 | g4 | we |1 A2 13 20 | 3694 | B2 4 e 22, ||
10 [2/P0) 3.1 =1 %% | M o || 80 | 1z | ;a5 | fen | s27| sAd| 2| 2EB|TTTT
11 |2100 b b — | <6 N6 jto |7 Bo o9 fa2x | 99 | 340 /70| 6L | 17q [T
12 (2100 = |——| 2, g e | 8.0 | 23 /o e | 220 83 67| 94 |/
V3 | 00| ——— |———| sz | 74 | {7tz | gc| 29 | 242 160 196 | 176 [
ENGINE MERCEDES- BENZ OMbIG paTE ! /10 /73 WET BULBTEMR,°F 47

MAPPING RUN M1 BAROMETER, n Ha 2946 pRY BULB TEMPR,°F_ 6/



0%-D

ENGINE[OBSERVED| AIR |FUEL [TEMPERATURE,°F |RESTRICTIONS|FIA |NDIR [NDIR [NDIR|[C. 1. {C. L. o
SPEED | POWER, |FLOW | FLow) [INTAKE EXH- INTAKE[EXHAUST] HC, | CO, | CO, | NO, | NO, | NO, | *-
MODE | RPM he o B/ne | AIR FOEL AUST[InH0 [in Ha [PPmC| PEm | %0 [ Ppm | Ppm |bEm | %
‘ 700 1z | 79 | 92 042 | ol 95 1 44€| 204 | 199 | 159 | 187 | T
2 {170 | —— |/ 2.8 7% | 95 || Y6 | 05 | b | 329 | 295} 4| 1 | %7 T
3 |1w00 52 |—| 4¢ 74 195 |—| 67 |05 220 | $:3 | 4.9L ] sz8 | 141 10 |=—
4 11700 jog T b3 | 71 | 95 T 60 | 06 | 232 | 394 | b1 | 305 | 238 | aeB | T
5 {1100 | ys.e || 84 | 92 | 96 || 58 | 08 |50 | 254 | Bz | 388 | 323 | 328 |——
© |i760 | 208 |——ljowg | 73 | 47 |TT 155 |09 | 200 /134 |I18.bb]| 355 | 297 | 300 | T
7 | 100 | T |/ p9 73 | 98 || & | o 8% | 294 | 218| 20 | 202 | A1 |7 —
8 2100 | 24.2 — 4.2 74 |leo |71 9.8 | 1.4 114 |i89! |10.83| 397 | 299 ({278 [T
9 |a00 ] }9.7 — |t | 17 |loo |—| 8.8 1.2 1130 | 205 | 852| 344 | 302} 303 |—
1O |&leo) 43,y |/ 84 | 79 |ree | 83 | 1.2 1194 | 320 | 672| 280 | 225| 227|——
VY lagseo] b.b | S& | 1% |te) |T— 8.0 loo | SIT 1363 | 442 B2 | 145 ) 1527
12 2100 ™ |/ 2.4 | 19 (/03 |71 80 | p9 [188 | 2071 abg| 83| 58 ne | ——
13 | Hop| =™ |——| 4 | & 1403 [T | 1oz | o) [120] :96| 2kq| Kbt [122 | 142 | T
ENGINE MERCEDES -BENZ OMb3b DATE | /i0/93 WET BOLBTEME,°F 49

MAPPING RUN M.z BAROMETER,n Hy 29.40 DORY BULB TEMR,°F_4/



1%v-O

ENGINE|OBSERVED| AIR | FUEL {TEMPERATURE °F [RESTRicTIONS| F1A [NDIR [NDIR [MDIR [C. L. [ C.L. o
SPEED | POWER, |FLOW, | FLOW, |INTAKE EXH- [INTAKEIExnAUST] HC, | CO, | L0z, | NO, | NO, [NDOq, *
MODE | RPM |~ hp %o fe [ /i | AR FUEL RUST [in H0|tn Hy |PPMC| Phm | %4 | PP | pbm | ppm | 7
V l1go0 | 101 72172 (290 ) .0 | p.2 | 395| 990|270 | 74 | B/ | 159160
2 }i1Boo — | 144} 73| 74 | 390 | 1.5 | p.1 | 9450|1296 | 2.59 bt 62 | 138 | 159
3 {100 1-34 — 194 n3 22 3bo | 1.5 0.1l 9425| L44g | 3.4 | 189 184 | 260 ;! 4.1
4 11poo| 267 |T12499] 94 | 84 | 420|14 | 0.1 | 925]| 460 | 422|385 | 359 | 931 | 135
5 11Boo| 3.99 || 274 | 74 | 84 | 49212 | 0.1 | 350]| 308 | 498 | 529 | 997 | 572 )2}
© |1Boo| S5.32 |7 | 32| 74 BB | €se| 1.0 0.1 | 298| 289 | 566 | 627 | 578 Alfj 0.7
T |1802| .67 |7 3551 79 | 9o | 660 | 1o |p2 | 264 280 67b | 570 | 617 | 645 ?4_9;{ ,
B | !Boo| 8.0/ T l4vo | 74 30 | 790 ) 1o p-r | 26S | 359 | 7V | 56y 600 ' @_147*”'7;@;.
S |/Boo! 9.33 |7 | 4.6z 74 G4 | 9o | 0o | p.3 | 292| 437 | 882 | 471 | 524 I’ Saq lL 56
10 {I8o0 | 0.4 — | 5.83 | 74 95 |ioBoO| Lo | p.3 | 226 ||15b [/0.2b | 360 | 400 4iB | 3.D
i 1seo —— 4 ! 34 | 95 | 400 j.o | p.2 | 23b| BB 245 i07 | 123 ] 202 | 154
12 240! ;3.2 | 840 | 5H8 25 1)2301 2.0 c.2 | g00 | 953,)56.7%1 387 | 345 | 249 3.3
'S lagee | il.b —— . 5951 74 | B3 {030 ,.7 |03 | 258 25| G129 499 | 432 443! 4.2
LA t2g00| 397 _ S4q T 29 8101 2.0 | 0.2 | 270 297 ; 779 | Se7 | 447 | 449 7.8
IS 124001 R2e [T 49| 6 9 760 1.9 | 0.2 | 289 | 34 | 678 526| 456 | 9961 9.2
i 12900 g T 444 76 G | b0l 2.0 046 | 333 349 | 403 476 401 | 4496 | /0.9
i7 2400 4499 —1 3.8t 7L 87 | pi0l 2.0 05| 264 | 397 | 522 49 {’Bof_akgi‘{?izi
'8 |zdoo| 331 |T—|3523 | 76 | /03| $20| 2.0 | 05| 410 | 482 | 4.47| 316 | 299 322 12.9
19 2400 Jb5 ™| 280 76 |l 100l 450|322 _’»_;:;f's:hsza 5234 | 279 | 202, 1971 3291 3.9 |
LO (2900 | 2./ 76 (oo 370 2.4 08| LS55 | 1092 | 2.86 | (96 75| i4e] /153
2t lisse |———— =] j24| 76| 100 | 280| io | 0.z | 550 pe2| 260 | 148 | joq | 183 i5t

ENGINE___ONAM DJ3A DAVE ii/3 /72 WET 2UL® TEME,°F _£3
TN BARCHMETEHR . inWy 29./8 DRY BuLe Teme, °F 70



ENGINE OBRSERVED| AR | FUEL |TEMPERATURE °F IRESTRICTIONS FIA INDIR [NDIR[NDIR [ C. L. | C.L. O
SPEED| POWER, |FLOW, | FLOW, [INTAKE EXH- NINTAKE[ExnavsT) WC, | CO, [ COz, | NO, [ NO, | NOy, *
MODE | RPM Wb B /e B /e | AIR FUEL RUST |in M0 (tn Uy [PEMC| Phm | %% | PP | PPm |ppm | 76
b lispo | T 7| 4us | 13 L8 | /0 lo |l p.2 | 326 B93] 265 | 127 | t08 |88 | /b0
2 lipoo | ———1——1| ;0| 13 | 76 | 300 | j.a | 6.4 | 420 | 1149 | 25| 100 | 79 | 156 | 160
S /oo 1.3 T 2aan | 4 82 | 370 15 | 0. o6 | s00 | 397 | 246 | 229 | 28/ | /47
4 1/8oo 273 1 2381 74 85 | 430 | 12 | o4 | 366 | 31 | 4.0 1 395 | 397 | 455 | 134
5 [18oo | 4.09 —— 2.8 0 74 88 | Sod | 1.2 0! 32 | 353 | 492 | 549 | 526 o9 | /2.4 |
G {1800 | 595 |22 | hg G0 | &go | 11 | 02 | 305 | 292 | &30 | L22 | S55| 426 /07
7 1800 | b 81 [Tl 325| na | 94 | 670 | 41 | 0.2 | 293 | 28/ | &60| 697 | SBe | Gas| 9.0
& /820 3.4 “i'f;~i 4 96 790 1 1o 1 0.3 324 198 | 754 £90 | :ﬁ‘jé Ef‘/ s
9 |/8o0 | G55 | 9 | 98 | 950 1o o3 [ 37% 1928 | 874 5;:_ 46! 45‘7—17&;&:
10 1800 | jp.g |——le33| 75 | /o] I0®0| 1.0 | 0.& | 400 | 902 |/0.07| 384 | 389 | o8| 2.2
Ly |/foo - .05 neg | Yos) 380 4.0 | o2 201 | 813 2.25| 73 irg 186 {15 7
V2 12400 | ja.2 Bl R} 75 99 liog0 | 1B | 0.2 | 320 252| 883 948 | 422 | 425 | S
V'3 j2a001 y4.9 T 586 | 9 | 408 [i04n | 17 p-2 | 230 259 | B3| 483 | 429 | 438 | b4
14 2900 898 |——| S0 | Tb | /o5 | Qo | g7 | 0.2 | z21| 2587 | 7.22| 488 | 445 | 4958 | 2
'S 12400 830 |™3.33| 717 88 | Mo | 2.0 | 92 | 230 | 2497 | 60| 49 | 429 | 463 %2
' 1Z9s0| .49 | "lg.52| 717 | %5 | 7o | 2.0 | 9.2 | 326| 371 | bo8| 962 | 384 | 42| ;0.5
{7 (2400 4.97 e | 2,7 79 K Lo 2.2 | 352 | 299 | 42| 408 3zg | 378 j2.e
|8 j24ve| 3.33 |T=—| 53| b | 94 | Sso 6% | 496 | 554 | daz| 302 | 248| 304 7C |
19 [z488 | ;.44 — | 23 75 | {03 | 440 0% | 472 6%2 | 3.8 2031 45 213 1043 |
7¢ |dg90 e— 2y 5z | 98 | 342 O | LoB tHoee | 2.84) 106 7L 134 |54
2V ygop | |7 10| 9g4 100 [ 3o | 4D } 0:Z | 785 | 737 1 249| i4z 99 1 173 | Js.0
ENGINE _ ONVAN LlER DATE i /2 /72 WET BULE TEMP,°F 58

RUN 3 EAROMETER,, inWq 2%4./5 DRY BULB TEMP, °F _7Z



-0

ENGINE[OBSERVED| AIR | FUEL |TEMPERATURE °F JRESTRICTIONS| FIA |NDIR [NDIR|NDIR [C.L. | C. L. o
SPEED | POWER, |FLOW, {FLOW, |{INTAKE EXR- [INVAKE[ExwAvST| HC, | CO, [COz, | NO, [ NO, |NO,, =
MODE | RPM hp Mo /e 1" /e | AIR FUEL AUST |in H0ltn Ny [PPMC| Phm | % | PPm | ppm [ppm | 7
| {isoo (131 73 | 94 |330 | 10| 0.2 | 25| 848 259| 120 6| /59| (e
2 [1Boo | |=—— | 1oL | 79 | 48 [3/0 | 15 | p.t | 359|182 | 2.80] 13 | 73| 143 | 157
3 1igso 1.3 |——| 20! | 74 Bo | 30 | 1.4 0.1 | oo | 509 | 3.4¢) 245 | 214 | 281 | 145
4 |igoo 266 |7 232 O 87 | 420 | ;2 01 1361 343 | 4.39| 40b | 307 | 414 | 13.4
5 |/Bo> | 399 |———|24kL| 75 | 87 | 490 | L2 | p1 | 298 | 295 | 5.03| S6) | 486 | 542 12,0
© [18oo | s32 (T |326| 75 | 89 | S6o| ) | o2 | 302 | 282 56| 615 | 547 | vo3| 10.7
T 1800 | bbS |T 1355 | 75 | 93 | 6So| 10 |p.2 |28 | 257] 6.58] 596 | 588 | bIL | 9.4
B |i800) 7972 |—— 1423 | 75 | 9% | 760 | 1.0 | 0.3 | 301 ]| 287 269 | S4L | 523 559 | 2.4
9 |18o0| 4.3) |77 | 915 | 97 | 880 ;o |03 | 286 | 328 | pee| 479 | 480 | So8| 4.0
1O | ipool 0.7 — | 540 75 927 liioo /.0 0.4 450 |toqo | 10.99| 323 | 38% | 392 | 3.1
'V | Jseo|l————|——— 03 | 7€ | /02 V1220 | 10 |02 |a48 | B23| 239 107 | (33| /8BS |IS.9
V2 |24900} J2.] — | 725 | 75 88 |w/io | 1.5 {03 256 | q18 |toqs| 338| 399 | 399 | 44
V3 jz4q00) y). 2 —— 1605 | 76 | 87 |r010 | 17 | 0.3 | 226 | 256 | 936| 377 430 430 4.1
V& |7900| 9.0 | |39 | 7 | 95 | 870 |,8 |02 | /85| 298| 797| 4%0| 43¢| 958| 7.9
|5 (2900 | 795 |=———I|4q86 | 75 | 97 | 760|153 3 | /% | 301 67q| 589 439 | 482] 94
to (2400 L3 |——| 4/9 s 98 6o | 2.0 oz 262| 348 | 586| 408 372/ | qus | 106
{7 |2902| 498 |—— 37} 26 [ /02 | 7o 2.0 |pa | 269 919 | So3| 343 83/9 | 367| 118
18 [Tqre] 3049 |27 | 75 | /o2 | 540|722 |py | 309 | 492| 990| 264 247| 308|127 |
'9 l2q00| 188 |——12.°3 | 15 | 103 | 960| 2.2 | >y | 458| bbda| 3-62| 146| /S2| 243 /3.8
20 (2400 229 | 95 |02 | 29023 |02 | sgs|tozi| 3.0t bb| Br| 145 149
2V |tnend ||~ ——|s20| 75 [ /00| 270| 1.0 | sy | Se2lloql | 249 66| 8] ] i153] (5.6
ENGINE _ oMy (2w DATE 11 /15 /72 WET BULB TEMP,°F b2

RUN 4 BAROMETER , tn \q 29.24 DRY BULR TEMP, °F 7%



¥¥-D

ENGINE[OBSERVED| AIR |FUEL |TEMPERATORE °F |RESTRICTIONS| FIA INDIR |[NDIR [NDIR{C.} . |C.L.
SPEED, | POWER, [FLOW /| FLOW [INTAKE EXH - [INTAKE |EXHAUST| HC, | CO, [ CO, | NO, | NO, | NO,, O""
MODE | RPm hb m,,,/h' o AL AIR FOEL AVST |inH,0 |in H3 PpmC| PPm A PPm | Phm | Ppm %
' |is00 | — 123 ns| Bo | 200 1.0 | 0.2 | s25| 93 | 283 ug | 8) | 155 ] 15.8
2
3 |i500 244 |——1 20| 76 | 84 370 | 1.0 | p. 2 | 469 | 328 | 449 | 45 | qi0 | 966 | 13.2
4 [1s00 | 426 |—— 27| 11 | 84 (492 | 1.0 | 0.2 [ 362 | 400 | 631 ]| 415 1 547 | 690 | 10.3
5 |iseo €43 |7/ | 230 | 1 84 | 670 | 09 0.2. 1329 [ L98 | 813 ] 652 | 896 | 635 | 7.4
© |1soo | 899 | 1 48s| 15 | g5 040 107 0.3 | 774 {2730 [11.62 | 393 | 338 | 397 | 2.4
7 (1§00 | T | | Ll | 76 | 88 200 | 1.0 0.2 | 962 11095 | 2.6B| )33 | 97 | 176 |/15.4
B j200) 124 |——| 46| 73 |82 | 8BS0 |)5 0.4 |4%50 | Bes [10-78]| 333 | 33c | 394 | 3.2
9 |2/00 70 |— | 472)| 73 | 88 |Boo | 1S |o.3 |22z | 25¢ | 730! S12 | 475 | S04 | 8.5
10 |2/00] S8l |7 1348| 73 |94 |bbo |1.€ |03 295 | 314 | 5.33| 429 | 909 | 444 | 11.S
V1 |2i00| 290 |——| 2.3! 74 199 |Soo | 6.2 lo.z |88 | 399 | 3.89 | 209 | 24/ | 284 1/3.8
12 (2100 —— |—— | j.81 | 74 97 260 | 1.8 0.2 1482|1265 262 Q92| LS | /249 |15.%
13 |/$00 | ——— [—| 27| 74 | 98 (290 {12 o2 347 ]| 94 | 287 )y9 | 90 | ’/S%| 157
ENGINE ___ONAN DJBA DATE 10 /30/22 WET BOLBTEMP,°F 65

MAPPING RUN _4-i BAROMETER, tn H5 29.02 DRY BULB TEMP,°F_174



S¥-D

ENGINE (OBSERVED| AIR |FUEL | TEMPERATURE,°F |[RESTRICTIONS|FI1A [NDIR [NDIR [NDIR|C.1. |C.L. o
SPEED, | POWER, |FLOW | Fiow] [INTAKE EXH- [INTAKE [EXHAUST] HC, | CO, | CO, | NO, | NO, | NO, | 7
MODE | RPM he [/ | AIR FOEL) vst inW,0 [in Ha [PpmC| PPm | % | Ppm | Phm | Ppm | %
IR /9 g | 8L 290 Lo | 04 | 207 B48| 2.71| 148 | 89| /158 | I8
2 ]
3 |is00| 206 |——— 166 | 17 | BS | 380 | 1.0 | o) | 390| 230 4.4i| £34| 448 | sv5 | (4.4
4 lisoo| 486 |T——1267 1 37 | BB | 540 | j.0 05| 170 237 | 659 | 797 | 8i8 | 498 | /1.5
S |wroo| 72 |TT 13468 | 77 | 88 7920 109 | 0Z | 16S | 200 | 7.38| 178 | 647 | 675 | 8.7
© |1800) 899 |47 | 97 | 92 |to00 | 0.8 | 0.3 |487 1294 1025 | 40% | 3%/ | 394 | 4.0
G 11800 | Lo | 17 | 9L | 340 | 1D D2 (216 | L 1249 (155 | /28 | 208 |65
3 12100 WT || é05| 37 [ 94 (990 ) 1.3 |03 |/97 233 | 930 | £38 | 414 | 485 | 54
3 {2i00| F2n |\—— 1 4.6% 71 |99 | 830 | /15 | p.2 | 152 | 267 | 73/ | $9% | 555 | suL | Bz
10 | 2/00| bi& |=——1 39| 97 |98 | b20] 9 |02 |i9¢ | 307|532 481, b7 | 503 | 11,0
14 lzi60] S06 || 24/ 198 198 [ Sool|ib | 02 | 220 380 | 3.8/ 224 | 202 | 349 | /38
j2 | 2io2 —| 292 9p | 93 | 370 1.7 | 0.4 | 457|082 | 255 127 | 88 | o | ib.0
13 | /So0| ———— || /5| 98 |io0 | 3oo| yo | o) | 352] 94) | 34| 4 | G6 | 69| (6.4
THGINE _DNAN DJBA oate 1 /z /72 WET BOLBTEMR °F_59
MAPPIMG RUN _M-2 BAROMETER, n Hay 2343 ORY BULB TEMR,°F_74




9%-0

ENGINE |OBSERVED| AIR |FUEL | TEMPERATORE ,®F |RESTRICTIONS| F1A INDIR INDIR [NDIRJC.L. |C.L. o
SPEED | POWER, |FLOW | FLow INTAKE EXH~ [INTAKE [EXHAUST) HC, [ CO, {CO, | NO, | NO, | NO, [ -

MODE | RPM he B4/ | AIR FOEL AUST[InW,0 |in Hy [PPmC| PPm | 4 | Ppm | Phm | Ppm | %
V| 1000 0.95| 78 79 |240] 05| 0! | 450 740| 2,73 2/7{ 165 230 164

2 (1500 ——— |7 | ¢ | 18 o (zi2 | 1.0 | p2|38c| 15! 2.48| 119 19 | 149 | 164

3 1500 19/ (—— 188 | 79 | 83 |*30 | 0.9 0.2 | 358 | 944| 407 359 | 312 | 380 | 14
4 | 1500l 2 T 1222012 {85 (470109 | 0.2 {258 27 | 543 590 54| 427 i2.2
5 lisoo| 48 |7 1597 79 | 87 [ b20]| 0.8 | p.2 | 26L| 343] L.69] 647 | 08| 646] 9.7
6 |/So0| 967 |——| 3791 "9 ) %2 | 850|069 | 02| 20q9| 424| 8.30] S62| S19| 522] 4.9

7 | looo —— 90| 19 | 92 (250 | 0.5 | 0./ | Z48 | 97| 242 93| '22{ 175 (/-8

8 |2/00] 12.8 |——l64q] 19 | 95 1180 | I.s | 0.4 | 450 |14856]10.34| 264 | 350| 359| 2.9

9 |2100] 958 |T—1486| 79 |95 | 920]| 1.4 | 04 | 220| as5/| .35 S23| 474| 999 2.3

10 |2/020 ¢.90 |1 342 19 197 Mo | s | o3 | 252] 53| 567 497| 4233| 962 10
vy (2100 308 1289179 | 99 | 610 146 | p.2 | 905| 8co] 924|227 ]| 207 229| ,3.¢
12 |2/00 —| 1.8/ | 77 104 | 380| 1.8 | 0.2 1590 895 2.74] 136 | 126]| 16| 16.3
13 | /000 ——| 0.83] 19 |106 | 280| 05| o /| 340 706| z28] 125 | 139] 19| 165
ENGINE _ onAn DJES oATE 11 /b /02 WET BOLBTEMP,°F _ 68

MAPPING RUN _#M-3 BAROMETER, tn Hy 2904 DRY BULB TEMR,°F_76



L¥-D

ENGINE |OBSERVED| AIR |FUEL |TEMPERATURE °F [RESTRICTIONS FIA [NDIR |[NDIR [NDIRIC.L. |C.L. o
SPEED, | POWER, |FLOW | FLow) [INTAKE EXH- [INTAKE [EXHAUST| HC,| CO, | CO, | NO, | NO, [NO, | *-
MODE [ Rem | hp  [®m/ "~/ | AIR FORL) st |in L0 [in Ha [ppmC| PPm | % | Ppm | bhm |Ppm | %
\ {1000 ———1—— 081l 16 | g2 | 290| 0.5 0.7 | 251 | bo1 | 249] 205] /85| 253| /6.3
1o0| |7/ 32| 77 | 13 {290 10 | 0.2 [305 | 737 | 26| 135 | y23 | /95| /3.3
3 |/i500) 2.06 |— 1| 183 | 17 75 | 380 10 | 0.2 | 240 | 278 | 394|902 | 380 | €33 | /4.0
4 /1500 4.09 — | 2.48| 7 78 | sv0 | 0.8 |0.2 1198 | 307 | 547 579 | 29| 632 /9
S |/500| ks |7 |343 17 Bl | b50 | pg | 0.2 |10 | 258 | in17] €70 | 6SS| 693 | 3.3
6 |/sc0| 8.4 ~——— 1400 | 77 | 87 | 880 | 0.8 | 0.2 | 2o | b1l | 8.22] $13 | 530 |537| b2
7 /000 | ——\—— 1| 5, 99| 7¢( | 94 300 | 0.5 | o4 | 225 ¢51 | 2.30] 7191 | /80| 229 /4.3
8 |2/00] 1l-2 — 59| 98 | 90 |50 | 1.3 | 0.q | 220|283 | 9.41| 447 | 462 | 44( | 5.2
S |2/00| b4q [T 37| 98 |00 | 730 | 1.4 |0k | 169|272 | 594| SiT | 489 | $/7 | /0.8
10 |2/00| 4.29 |(——|293| 98 | 102 | 590 | 1.5 |n.y | 168|370 | 9.5¢] 392 | 282| 428 12.9
VW {2ipp) 206 VT |2.54] 78 {102 | 44 1.6 | 0.2 | 222|500 3.53] 296 248 | 272 14,5
12 |2i00| ——— " —1i9% | 78 | /04 | 360 | 1.8 | D 2 | 37211163 | 240| /07| 8S | /25| 15.8
13 [/000| ———|——{o.81 | M 9p {270 | 65 {o0.1 |I12 ]| 657 | 240 16| 159 | 2/9| /6.1
ENGINE _0vAN DJBA oaTE 1/ 8 /72 WET BULBTEMR,°F_57

MAPPING RUN _AM-4 BAROMETER, tn Ry 2930 DRY BULB TEMR,°F_74



"y

8F

ENGINE[OBSERVED| AIR | FUEL [TEMPERATURE °F IRESTRICTIONS] FIA [NDIR [NDIR [NDIR {C. L. | C. L. o

SPEED | POWER, |(FLOW, | FLOW, [INTAKE EXH- [INTAKE[ExnAUST] HC, | CO, [ COz, | NO, | NO, | NOy, *

MODE | RPN hp B Ao B /i | ATR FUEL RUST [in H,0tn Hy [PPMC| PPm | %% | PPm | bbm [ppm | 7o
¢ boo st o7 9 g | 290 201 009 | 280 183 118 72 2 74 | T
{7 jrase 3851 3,5 | 87 | 99 | 265 ) t1-0| g2z 238 2a5 | 31| ses 87 4 84
BE {aso b9 851 4.2 87 79 | 336 ! 4l.o { D22 1194 | 268 | 290 ) 118 )52 | i
4 jigsol| 13.0 2821 Lo 89 2 laps | te5 | poa 176 1 313 | 3.8 330 23 337 | —

5 1450 19.6 M9 4.9 9p go [ Sie | io5 | 0.3 | 152 | 250 | 4.8 | S84 55| 583 | T

S 49506 257 395 | 9. 90 8! bob | 105 | 0.571 (1440 | ige | 514 | Bos 814 837 | —
{7 ligse] 320 371 [r2.2 0 90 | g1 1738 {105 | 5571138 | yso | tas lugs | 196 1224 | —
! S jlas0) 395 364 1 12.5 Ga 83 | 834 1103 | p.ec | 132 IRE 795 V1980 1483 |57 —
2 liasplas.n 21 (7.2 29 84 (ieg4 {too Vo7 | 12 | 49 | 935 [s83: |1757 |igic |——
V0 | tq50| S04 387 |R0b | 10 | B84 170 1100 | 865 | T8 |45¢5 11038 [ 1803 |IbS2 [1704 | —
11| Goo isq | 05| 97 | 85 | 507 z.oie07 | 252 | 220 | wLig | 13 78 8¢ | —
V2 2400 715 L 580 |30.2 96 85 1239 [ 19.5 | 150 38 |33685 ] 999 [/825 1779 198 | ——
12 2400 | 666 515 1254 59 6. |/087 | /9.5 | 132 8¢ 740 | 3.70 | 1824 |/838 liB4S |—

1 4 (2400 | 5710 £$75 |2).3 99 86 93¢ | 195 | 117 78 | 219 | 738 (53¢ lisia 183§ | ——
V'S {2400 46-8 s9171 4111 98 36 gog {195 | 1.op | /08 210 | /7211023 | 979 1007 |——
1G {2400 3.8 597911585 | 99 86 M7 [ 200 | joo [ 132 | 259 5331 25 | 709 | 223 | ——
17 (2400]| 282 $80 125 | 96 | BL | 621 | 200 | p94 | 146 | 322 | 4.491 | 529 | 4%) | 949 | — |
18 |2400] /p. b 599 |10.2 | 97 89 538 1200 | 086 | 180 | 350 | 355 | 338 | 264 | 279 |—
19 2400 9.6 Spo | B.y 96 87 456 | 200 | 083 | 238 | 390 | 270 | 216 154 2 | —
20 {2400 £8o0| £5 | % 87 283 (200 | 085 | 228 | 334 {90 | 139 83 oo | —
21 boo 190 | 05| %6 | 87 | 256 | 20| 0.02) 324 | 258 | .1 | 102 by 14 | ——

oATE o/ 11 /72
BAROMETER . in Wy 29.38

ENGINE PERKiINS 4.236
RUN [

WET BULULB YEMPR, °F (7
DRY 8BULLSB TEMP, °F _ 75




6¥-0

ENGINE[OBSERVED| AIR | FUEL [TEMPERATURE °F |[RESTRICTIONS| FIA |NDIR [NDIRINDIR [C.L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE EXH- [INTAKE|Exnausy| RNC, | CO, | CO,, NO, | NO, NO‘, %
MODE | RPM hp B fae 1 /ie | AIR FURL| pust Jin H0[tn Hy |BPMC| Ppm | % | PPm | ppm | ppm | 7%
b leoo | ™| 56| o8| 93 | 87 1276 | z.g| 002{320] 309 | ;19| b4 | 8] 86
2 |lg50 | —— | 277 | 27| 93 | 86 | 258 | jj.0| 0.2¢]| 250 | 283 | 132]| 83 74 | %o | T
3 l14co L.5 Y] 4.2 90 Be [ 337 | .0} p.vb| 206 ]| 305 | 2.30| 179 | 175 | 202 |
4 ligeo | 13.4 4de | bo| 93| Be | 429 | 110 | 028|192 | 329 | 3.30| 330 | 3492| 39p |
5 {1950 | 192 322 24 93 1 87 | 507105 | 0.32| 178 | 263 | 4.09] S04 | 532| 5§99 |
© |l4¢0 | 24.5 269 9.6 93 | 87 | 61k [ 10.5| 0.0 166 | 187 533] Bob| Rep| 8% |
T (195> | 32.4 60 | 1 94 | 87 | 728 |10.5| 057|152 | b2 | b46]1175 ) 1199 12297 ——
B |14e0| 292 364 113.9 97 | 87 | 846|105 {066 | 130 | 218 | 1.73] 1627 1576|163 | T
9 1450 459 (261 {170 | 93| 87 |ipi2 |10:5 | 064 | 134 |joo1 | 947 |1966 | 179) 1858 |——
10 |I450| 50-8 ‘ 359 | 20.0 94 | 87 (1153 110.0]| 068 | 100 9755 | 1027|1893 |leB4 [1723 |——
YV | boo |/ | /b3 0.b 5| 87 | 288 | 2.5 004 | 264 | 271 | [.25| 151 87| 95| —
V2 |r2g00| 750 577 | 30.0 98 | 88 |i236 /9 S| 1.42 50 (3304 | 99b|1928 172011173 |
13 2900 | 666 {571 |29.2| joi | 89 [1074 |19 5132 | 78 | 6r0o| B.45|1e30]/803]/8% |——
V4 12400 | 570 571 |20.6 | 1o/ 90 1 | 19.5 | 119 70 | 26l 7.50|lbll | 1520(i1574 |——
15 74900 47.4 569 |/8-3 | 102 | 92 | 827 | /95| 107 | 100 | 245 (40[1145 | 107p| 1118 |——
16 |2400 | 27 8 S (145 el | 92 | s | 195|099 | 28 | 289 | 534] 193 | No| 129 |/
L7 |n400]| 28.2 ST 12,2 | 1o 92 | 624 |20.0]| 094 | 132 | 323 | 455 537 | 480| 469 | ——
1 |ra00| 192 573 99 {1-2 | 4= | 549 20.0| 087|170 | 350 32| g32| 2849| 293 |
V9 [sao0| v 1877 | ba ] ap | 4z | 459|200 085 | 226 | 328| 297 247 ezl 181 |7
20 (2422|579 | 2.5{ 99 12 | 389 | 20.2| 086 | 292 | 294 | 204 I40 92| log |T——
20 | ool ™1 146 | 04| 97| 92| 254] 2.9| 002 | 288 | 246| 49| 102 68| 89—
ENGINE PERKINS 4.236 DATE 10/ /72 WET BULE, TEMP,°F &4

RUN _2 BAROMETER inWq 29.37 DRY BULB TEMP, °F _71%



05-0O

ENGINE[OBSERVED| AIR | FUEL (TEMPERATURE °F [RESTRICTIONS FIA [NDIR (NDIR [NDIR [C.L.. | C.L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE Exu- [INTAKE[ExmAvsT) HC | CO, [CO,, | NO, | NO, [NO., |
MODE | RPM hb B e /0 | AR FUEL AUST |in H,0{te Ry | BPMC| Ppm °/°/ PPw | pbm | ppm | 7
) Lgo|—— | is9| 1.0 87 7 | 3713 | 2.0l 0.07] 316 | 258 1.32 83 G0 M l—
2 |90 —— | 288 | 2.8 | 84 | 18 | 213 | 1).0 | 029 228| 270| 1.45| 83| 84| jp2 |
3 [laso 67 | 789 | 47 | B3 79 | 34 | 10§ 0:2% | 224 33p| 2.30| 198 | IBI | 217 |
4 |i9s50| 12.7 | 794 | 59 | 83 19 412 {t0.8 [ 031 | 222| 25y | 347| 298| 328 366 |7
5 1450} 20.3 3580| 8.0 84 79 518 [10.4 | 0.37] 200 2421 4.29| §38! s83| (20—
© (1450} 26.5 376 | 9.8 84 19 il | 10,5 | 051 | 208 200| 527 821| 847 898 | ——
7 1450 32.6 274 l12.3 | 8% 79 736 | 10.6 | 060 | 1481 931 b6t iz06| 1115 1170 ——
B [i4c0 39.5 373|143 | 85 80 Bso|lo.€ | 0.2 | 148] 207| 7466|1534 185511632 | ——
9 i14s50]| 45.1 369 | 17.0 | 86 po | 9821103 |06l | 189 | s32| 898|1760 | 1718B2 | /836 |——
V0 1450 51.5 368 | 202 | 87 Bo (1'&§0 {102 | 0.3 o0 (4687 10.40{1%10 [ )733 | )785 |——
1 bgo|—— | lb6 0.8 90 80 293 2.0| 008 | 272| 284 18] 12 82 90 | —
V2 |2400] 762 | 575|207 88 81 |rz20|7/9-81 138 ©0|2957|10.15 11985 | 1155|1794 | ——
VS 12900 666 §92 | 252 1 93 B/ [1079)19.3 | .34 | 132 | 6S4| 859|185 | 1803 |198q |——
14 |2400 576 594 | 2.8 | 89 81 9531193 | 125 90| 242| 732|1503 | 1242|1255 |—
IS {24¢c» 48.0 594 | 18.4 | B9 82 g25l149.0| 115 98| 233 k341142 | 883 9/0 |7
to |2400 | 390 $92 | 1S5 | 90 | 82 | 7119|190 [ 1-09 | |92 | 283] 5.34| B07| 18| 637 |——
V7 |agoo| 288 (598 | 30| 87 B2 | b2l 20.0) 103 | 146| 372| 442) 526 3N | 3% |
18 |2400| 9.8 |58 104 | 87 | 8y | 584|205| 09 | 84| 401 | 336| 340| 224| 237|—
19 {2400 9.6 598 | B0 | 87 B/ | 947 | 20.0 {088 | 240 | 379 | 2.7/| 218| 34| 145|7—
20 |24900| | boo | 58 | B B/ | 286} 204|087 | 308 221 | 191| l40 48 90—
2\ b4o |l — | (51| 08 86 %) 238 117 oos| 309 2% 12l 1oz 52 1)
ENGINE PERKINS 4236 DATE 10/13/72 WET BUL® TEMP,°F 64

RUN 3 BAROMETER, {nWq 29.34 PRY BLLR TEMP, °F _73



ENGINE[OBSERVED| AIR | FUEL [TEMPERATURE °F |RESTRICTIONS| F1A [NDIR [NDIR [NDIR [ C.L. | C. L. o
SPEED | POWER, |FLOW, | FLOW, [INTAKE EXH- |INTAKE(ExwAUST] HC, | CO, |COz | NO, | NO, {NO, *
MODE | RPM hp "M [ /he | AIR PUER pust in H,0ftn Hg | PPmC]| ppm %/ ppwm | ppm [ ppm | 7
! b4o | T Lol 0.9 86 81 293 20| 0091320 | 2494 |.25] toz 96 43| ——
2 {1450 | ——— | 3e8| 25| 881 82 | 22| t1.0] 026|260 | 234 | 14L] 92| 13 29| =
3 1leaso L4 23 | 4.2 By an 335, 6.5 .31 188 | 256 | zdg | {98 | (LD | JHE I
4 HigsSo | i3, 5.5 pats) g 4341 40.5| 0.34 ] 416 2% | 3.24] 385 322 348|
5 l1¢50| 494 | 28] 92 | Bz | S4Bl io.5| 0.35] 94 | 227 430 661 | s75| La2|—|
G |t480 | 2.4 2741 9.8 92 | B3 010|105 p.4q | 202 | 153 | 529| 949 | 872 %90 —:
7 1450 33.0 390 | 107 ] 92| 83 | 728]10.6] 054|199 | 127 va8] 308 | 1187205~
3 |iqs0| 3a.5 Mo | i 92 | pa 23911081 0571146 | tbo | TEBII6T) | 1499 | 1568 |
a I 11450| 44.0 364 | /€0 | 82 | B4 92| 10:€ | p.es5 | 182 | S441 2204993 | 1755 (gri| T
& 10 |45 &1 10 | coe | 97 £ 1165108 0.6¢ | 156 |468S| (0,61 |1952 | /666 | 1879 | ——
PV L g0 j—— | (59 0.7 36 | B85 | 2871 20| 007 | 2496 | 209]| 1449 | 122 BO ps | ——
[ 12 12400 7%5.0 583 (304 ] 98 | 86 (12461195 137 32 (28B40 /0301986 | 1696 | 1156 ——
IR N T E T R L S U I T T BT oy E R e L
S ww ST 207 Al 96 o 6”/5\;%.5‘ 118 86 | 241 | 762 {tieT 11:55% jlsvs |
15 |2400 | 48,5 £74 1185 | 100 | Bk 84419.6 | 1o 1 13p | 233 648|7193 11036 |t0s2 {—
16 {2400 | 39,0 57: | 1S3 | ol 87 | 720016.5 | 106 | lob | 272| S4v| 622 | 945 | 159 |——
{7 2400 | 2p.8 s271 3.0 98 87 bgq| 200 | 0.97 | ibo | 385 4S6| 549 | 445 | 470 | ——
'8 {2400] 192 S71 1 /0.6 98 87 5651 20.0] 0.41| 33 | 401 | 63| 350 | 285 | 279 |—
V9 |2400] i1 S8s | 79 b RY 468 20-0) 0.87) 740! 344! 84| 228 )94 189 ——
20 |2400|— | 579 | 5.4 57 8% 394120 5| 085 2ia3 | 332| 204] /140 | ;o1 i |—
20 | g0l 150 o8| 96 | B7 | 247| 2.5| 004 i:0| 2gg| 14%| 22| 7e 9 |——
ENGINE PERKINS 4.23¢ DATE /0/13/7% WET BULE TEMP,°F &1

RUN 4 BAROMETER , tn Hs _2?,28_ DRY BULBR TEMP, °F 70



26-0

ENGINE [OBSERYED| AIR | FUEL |[TEMPERATURE °F [RESTRICTIONS] FIA [NDIR [NDIR [NDIR [ C. L. { C. L. o
SPEED | POWER, [FLOW, | FLOW, [INTAKE EXH- INTAKE|Exnausy) RC. | CO, | COz, | NO, | NO, | NOg, *
MODE | RPM ki B fe B /i | AR FOEL AUST |in H,00tn Hy {PPMC| Ppm %/ Ppm | bbm | ppm | 7e
Vg0 | —— | is2| 1o | 80 | 79 | 214 zolvo5!320] 2790 j25| 64| bg . 93 |
2 jtqgo | ———— | 29, 2.8 | Bo 79 259 | 11.50.27 |302 | 28] (.51 73 78 oy | ——
3 |ig50 b5 2954 4.8 | B0 7% 34! 1.5 {020 276 | 329 2493|167 | 176 | 214 | T
4 l1g50| ;3.4 384 | L5 | B2 79 | 434 {1lo |0.221292 | 224 345| 324 | 389 | g07 |7
5 |14s0 | 19.2 405 | B4 | B4 79 | 570 1110 [O37 | 266 | 273| 4.33| 535 | bS5 02|
G i{1gso| 26.€ 373 | It.o| 84 oL 6320 11l |o.57 | 260 | 3| Sis2] 87/ | 999 |loa7 | —
7 {1450 32,3 | 293 | 126} B4 | 49 | 128 1110 | 0601254 | iS50 | b59|/155 1359 | (400 | ——
B ligs0 | 38.¢ 340 | 151 | Ba 8o 8571 10.9 |0.LE 150 | 2400 79611599 (1676 | 1770 | ——
9 ltasp| 459 338 [ 18, | 8% 8o (1024 | 410 | 067 | 2¢b |i2s2| 4940|1845 1830 | 1896 | ——
10 fi1g50| S04 374 | 205 87 Bo Lkl | 10.9 | 0.63 | 148 |5/33 |i0.S0]| 1818|1738 | 1190 | ——
(I b4p |~ | 1594 0.8 | 8e 80 227 2.0 0.071} 250 2z244| .3} 1114 8! 33—
V2 2400 7.2 575 | 30.4 | 84 go |12/3 |21.0 1.38 b0 [ 32131 j0.52 | 1769 | 1783 1829 |—
13 {24900 b6.6 §83 1250 93 81 1063 | 20.8 1.32 | ISe 509! 85511722 11837 |19/8 |/
{4 |2400| 576 £8o | 21.5| 94 B 34721210 | 1.24 | 94 | 207| 7494|1407 1468 |1526 | ——
15 (2400 ! 48.0 sl 18.7 ] 9o B0 836 (200 118 | 1o 221} 6559|1108 {1167 |I208 | ™
16 2400 39.0 590 | 159 | 89 80 727 |21.5 | 10 1 is2 | 282 52| 749} 153! 776 |——
|7 lzgo0| 288 | 592|139 | B3 | 81 | 629]22.0|1.03 | 164 | 249| 4.92| 492 | 481 | s00|——
{d |z400| 19.2 51| 0.2 | 88 8! 531 |2).6 | 096 198 | 362 3.6/| 306! 283| 297|—
19 |z400 9.6 594 8.1 | 87 B/ 4499 |21.5 | 0.90 | 260 | 342 296! 196 17} 194 | —
20 [R29o00| | S9L | 5.8 8¢ 31 386 | 21.5 | 0.88| 320| 330 2.19] 129 | ioo| 121 |—
21 040, — | Is)| )0 | 84 | 80 | 234 | 201004329 30B| ;.26 92| 12| 9b|—
ENGINE __PERKINS 4.2%¢ DATE Jo/18/72 WET BUL® TEMP,°F 8

RUN 5 BAROMETER , tn \-\3 29.19 DRY BULER TEMP, °F _14



ENGINE [OBSERVED]| AIR FUEL TEMPERATURF_,"F RESTRICYIONS FIA |NDIR |[NDIR |[NDIR |C.L. | C. L.
SPEED | POWER, [FLOW, [ FLOW, |[INTAKE EXH- [INTAKE[ExnAvsY| WC | CO, [ CO,, | NO, | NO, |NO,, *
MODE | RPM hp B S | fhe | ATR FURL ! post in H,0(tn Ry [PEmC| PPm 0/,,, PP | Ppm | phm | 7
) boo| 7| |5/t 08| 84 8o | 2058| 20| 003l 3/L| 258} p99| b4 | s8 8 | ——
2 {1450 | ————| 290 | 2.6 | 84 | PO | 254 | n.5 | 927|298 | 270 | .33 | 64| &1 | 84 |——
311450 19 | 386 44| P4 | Bo | 346 | N4 | 029|272 | 329| 2.23] 167 | 184 | 25 | ——
4 114950 2.7 37| bo| 83 | B0 | 418 | /3 | 039} 262 | 338 J.08| 297 | 322| 354 | ——
5 |/450} 18.8 380| 18| 85 | Bo S13| 1o | 0.38| 254 | 202 4.01| S14 | 582| big|—
© |1450| 265 | 396|109 | 85 | 8o | b20| 11O | 0.53| 256 | 187 | S.20 B06| 827| Y60|——
7 {1950 33.0 | 39,137 | 86 | 80 | 149|110 | 0.b1 |24 | 173 | 6441234 1194|1318 |—
B [1450]| 33.8 368 | 156 | 88 8o 859 1.2 | ol 192 | 298| 7489|1676 | 1568|1435 | —
a 9 |1950| 457 | 266 |75 | 90 | 81 |lo21|il.o | p.93| 254 |1202] 9320|1912 1675|1954 ——
t“ 10 {14s50| So.0 255 1207 | 92 | 8/ | 1eS | 10.8 | p.68| 196 |S251/ | 10.35| 1080 | 15468 | (007 | ——
b boo|~—— 1\ 162 | o.. | 87 8/ 232 2,0 0.59] 32| 295 /.04 12 73 i —
2 |z400] 75. 6 $77 | 3p.5 | AT B/ |121b |21.0 | f.9q0] 62 |IBIO (1012|1914 |1592 /sgsi—
12 |2400| 67.2 556|257 | 96 B/ |1097 1210 | )27 | teo | 787| B8.74|!%21 1711 13041—
| & |24900| 58.2 Stz |22.0 | 9% | 82 | 963|2t0 | 12l | 108 | 227 1136|1553 1398 |1492 | ——
15 l2agq00| 48.0 580 (85 | 34 1 B2 B33! 200 | ik | 122 | 109 6.37 1140 |ip3] (/0B85 |7 —
16 |2900] 27.8 |s8o|leo | 7¢ | 82 | 726|215 | 1.09] 150 | 258| 5:38| 803 | 694 | 722 |——
17 (2400| 28.2 | 588|128 | 0 | B2 519 21-5 _l.doaT le8 | 334 427 S0/ | 421 | 43| ——
19 |2400] 142 S9p (106 | 89 | 83 543|215 | p.95| 208 | 373 | 3-5¢| 3498 | 273| 297| |
19 {2400| 2.4 | 594 | 28 | 387 | 84 1520 218 | p.91| 270| 340 | 2:63| 216| 154 | 174
20 (2400 7| 594 | 56 | 87 | 84 | »2cc| 220] 9g8| 30 306| 1-83] /1391 BB| 96| ——
21 boo| gt 086 | 3% g3 Jf21 2.9] po4l 3iq| 2790 0.99 92| 58 7BL_
ENGINE PERKINS 4:236 CATE /0/18/72 WET BOLE TEME,°F g

RUN é EAP\OI"‘ETE g - wA \\3 22 /8 DR\/ BuLe TEMP., °r 15



¥6-D

ENGINE OBSERVED| AIR [FUEL{TEMPERATURE,°F (RESTRICTIONS| FLA [NDIR {[NDIR INDIR|C.b . |C. L. o
sPEen, | POWER, [FLOW | FLaw) [INTAKE EXH - INTAKE [EXHAUST| HC, | CO, {CO, | NO, | NO, |NO, | *-
MODE | RPM he A B/ae | AR FORL| ost in 4,0 lin Ha [PpmC| PPm | % ’ Pbm | Phm | Ppw | %
! bos 08| 86 | 85 | 238 20| p.04| 302 245] 119 | &4 | &l 8/
2 linoo —| 34 88 151Y 290 | 14.0 | 0.49 | 302 | 270 | |45 83 73 3 | ——
3 |i1o0| 144 — | bs | B7 | 85 | 417|135 | 0461270 315 | 309 330| 309! 247|——
4 1700 289 — .2 | 9o 8¢ 633 | 135 | 0:5] | 234 | 163 | 5271 B47| 213 | 859 |——
5 |I1100| 42.9 — | /5.6 | 94 86 843 1 13.4 | 0.EE | 246 | 144 745|161l | 1524|1633 |—
© bos! 578 | 23 %8 87 [it7; | 12.8 | 088 | 148 |5147 | 10.38| /1843 | 1545|1598 |—
7 |20 —————— |/ p.gs | 100 88 269 2,01 0.04 } 248 183 1 1 78 87 |—
8 2100 L83 —— | 296 | 9 B8 |39 {i7.0 | 126 | 1ib (3541 |10.52) 2060|1795 18508 |—ro
S [(2ioo| 514 1 /9.0{ 45 | 88 143173 {094 | 2790 | B3| 7.71|1783 |15 1655 | —
10 {2/00] 236 [T 130 | 93 | 87 | 707|170 | 088 | 348 | 07| £:22| 916 | BIb| B4 |
11 | 2100 6.8 — 8% 93 87 321 [ 115 | 076 | 352 | 3os| 349 393 317] 435 |—
12 | 2/90 — | 4 88 87 333 ({118 | 06T | FH2 | 2567 17171 149 obj 123 |—
13 608 - 0.7 B8 | 87 | 232 2.0 po2 360 =208l 111 | 102 67| 9o |7
ENGINE PERKINS 4-236 DM—E/_DM WET BULBTEMP,°F 44

MAPPING RUN M-~ BAROMETER, tn Ry 24./4 DRY BULB TEMPR, °F__74



ENGINE [OBSERVED| AR [FUEL | TEMPERATURE  °F [RESTRICTIONS| FLA [NDIR INDIR [NDIR | C. 4. Q,.L.IO

§s-D

SPEED, | POWER, |FLOW| FLow) [INTAKE EXH- [INTAKE (EXHAUST| HC,| CO, {CO, | NO, | NO, |NO. | *-

MODE | RPM he BB e | AIR FOEL AUSTin W0 |in Ha (PpmC| Ppm %’ Ppm | ppm | Ppm | X
! 608 06 | g2 | B8 | 238 | 2.0| 0.03]| 340] 258 1-:24] 4 67| 90
2 V0| — |——| 2.7 88 | 88 | 290 | /3.9 | 0.97] 372 | 307 | 158 b4 73] 98| ——
3 |00 i40 |——| 67| 85| B8 | 417 |13.7 {045 3/6 | 338 335 749 | 336 383|{—
4 | 1700 289 |—| 1o | 87 | BB | 639 [ 13.5 | b.51 | 294 | 187 | 540 e | 89| 933|——
5 (1700 42 (——| 158 87 | ge 829 1 13.0 { 0.57| 304 | 171 | 7591667 |/564)1659 | ——
6 | /10| Fe2L || 22 89 | 89 (111 1130 | 0.g1 | 16D 4277110441885 |1550 (161l |—
7 | éos pb | 94 | 90 | 269 | 2.0 | 003 | 318 | 295| 25| 305| 91 |—
& lz/00] 68.2 276 | B8 89 (N9 | 178 | Loy | 18 |3bi15 1052|2038 1729|1156 |——

9 |2/00] %09 18.6 | 94 84 9431170 | 0,972 | IBo | (25| 7.5!| 1686 1537 |/6/8 {—

PV |2/00] 113 8.z ! 89 89 s21 1180 0.985{ 760 288 349! 271 32471 336 —

10 |2/00] 34.) —— | /2.8 | 92 | B9 9071115 | 0.¢7{ 210 | zi2 | 5.2i| B48| Bo0| Bigq |—

12 (2100 4.2 | 57 | 39 3381 18.0) 0.b9 | 360 | 25b) 1B4| 30| NHZ| 127|——
13 | pogc| — 07| 88 | 90 | 222 20 | 0.03] 368 | 234| 118 83 6| B4 |—
ENGINE __PERKING 4236 oaTE sofip[1z WET BULB TEMR,°F LS

MAPPING RUN M-2 BAROMETER, ln Hqy 29./2 DRY BULB TEMP,°F_73



96-D

ENGINE[OBSERVED! AIR |FUEL | TEMPERATURE,®F [RESTRICTIONS| FIA INDIR INDIR [NDIR | C.y . [C. L. o
SPEED, | POWER, |FLOW | FLOW), |INTAKE EXH- [INTAKE [EXHAUST| HC,| CO, | CO, | NO, | NO, [NO. | -
MODE | RPM | hp  |"m/y|™®=/he| AIR FOPL] nostinto |in Hy [PPmC| Ppm % | bpm | ppm PP~ | %
Y o8 |1 99 | 719 222 20| 0.4} 228| 249 j2L] ba | 90| 99
2 [1n00 —— |34 | 86 | 19 [29L /3.9 | p4q | 230| 27| 153 4 82 | /08 |—
3 linoo| 144 |——| b7 | 84 | 19 [ 425|13.5 | 04| 210 | 329 3.1 | 299 | 2449 | 378 |——
4 {ino0| 229 ——\ .2 84 19 629 | 137 | .51 | 206 | 213 | 524 786 | B84| 926 |—
5 | /700 | 42.58 |— 155 | 81 YK BoB 1133 | 057 224 | tb2 | 4.96 |1480 |1639 |/bg0 |——
6 |/100]| 59.1 —!1233 | B9 8/ 1167 | /30 | 080 | /88 |£339 | 970 [ 1786 [1780 /833 |——
7 bos 1 0.7 95 | 81 b | 2.3 | 007 | 236 | 23| 142 93 1031 108 | ——
8 |zi00| 49.8 —— 280 | 89 | 82 (179 173 | Lo7 | /08 |3312| 947 (/944 | 1977|2070 | ——
S |2too| 520 |——|i3.0 | 95 | B | 934 | /74 | 097 | 48 | )14 | L83 (1575 |/835]|1989|—
10 |2100) 336 (—|iz.6 | 94 | B2 74 | V718 | 0.8 15¢ | 238 | 457| 804 932} Fe0|——
11 [2i100| 17.3 | 84 33 g3 505|180 | 0.91 | 188 | 292 | 2.9/ | 298| 244 | 388|—
12 | 2100 — | 45 | 8% | 83 | 343|183 | 0.7 | 224 | 289| 1.59] 121 | 32| /5¢4|——
13 bos | 0.7 B8 82 2391 2.0 | 004 ] 249 | 23b| 0998 74 36| 1oy |
ENGINE __PERKINS 4.236 DATE 10/19 /72 WET BOLBTEMP,°F 59

MAPPING RUN M-3 BAROMETER,tn Ry 29.35 ORY BULB TEMP, °F_ 72



LS-D

ENGINE|O8SERVED| AIR [FUEL | TEMPERATURE,®F [RESTRICTIONS|FIA [NDIR [NDIR [NDIR|C.L. [C.L.
sPEED, | POWER, [FLOW | FLOW, INTAKE EXH- INTAKE[EXHAUST| HC, | CO, | CO, | NO, | NO, |NO, | *-
MODE | RPM hb /e | AIR FOEL| ost W0 |in Ha [PEmC| PPm | 4 | Bhm | Ppm | b= | X%
' | ¢os 0.7 | 83 | 81 | 241 | 20| 004 234 197 19| "4 | 80| 94
2 | in00 T %24 | B3 | Br | 29! |139 ] 044 | 284 | 269| )53 221 Bb | 109 |——
3 linoo| 144 || 120 | B3 | 8L |43 | /35 | 046 | 232 | 291 | 331 | 3% | 382| qa5|——
4 |1thoo| 286 || il9 | 86 | BT | 635{137 {05/ | 268 166 &30 909 | 90 | 938|——
5 (1100 42.9 |/ 59 | 81 82 822 1 13.3 | 057 | 296 | 126 | 7150|1659 |1698 | 1794 |——
6 (1700 s |[——| 30| 89 | BL |lisqa | 130 | 086 | 212 5011 |10.23|2100 {|63] |1730
7 | bos —1 0.7 | 9b 8z | z25| 2.2 | 007 | 270 | 235| 1.32| 151 | 107 108 | —
8 |2/00| 682 |——|2%6 | 90 | 83 [1186 |12 | 107 | 112 |2348 |)0.90|2123 [1942 (/1981 | ——
9 |2/00) 509 |——1i87 | 97 | B4 | 923 | 114 | 097 | 166 | ns | 7.56(1757 1724|1792
10 |2/00 23.1 |——1 2.8 | 97 | g4 691 | 178 | 985 | ym4 | 117 | 57| 9u | BST| Y2 | —
11 |2/00| 168 |——| 84 | 94 | 84 | 507) 180 |28/ | 206| 254 | 3.94| 9429 | 362| 28/ |——
|2 |2/00 —| 4.2 | 93 84 341 |85 {07 | 230 | 209 1.78| 10| 121 | I8/ |—
13 bos 03 90 B4 | 2234 | 2.0 | 004 | 249 197 | 119 | 132 80| jo2|—
ENGINE PERKINS 4 .2.36 DAY E 18/19/77_ WET BOLBTEMR °F 59

MAPPING RUN _M-4

BAROMETER, n Hy 2934

DRY BULB TEMPR,°F_T72




APPENDIX D

COMPUTER-GENERATED DATA PRINTOUTS
AND CALCULATION OF BRAKE SPECIFIC EMISSIONS
FOR DIESEL ENGINES USED IN FARM,
CONSTRUCTION, AND INDUSTRIAL APPLICATIONS

D-1



DATE OF TEST!

34y

11=-28=72 TEST NO,l

EXHAUST
FLOW
LB/MIN

.09
10.60
10,719
l1.24%
li.4%1
11.89
12.5¢2
13.38
13.68
14,01

5.90
23,49
22.01
20.97?
19,75
19,05
172,78
lb.92
15.94
20.10

5,819

FUEL
AIR
RATIC

e L L L L L Y

.008
.009
«016
.022
0219
«036
.04%2
.048
«0S%
'Ubl
.007?
.045
+0%1
.038
«034%
.030
nDEb
.022
.017
.009
.007

LA Al L D P R R T L L R LY L L T P Y L T L Y T L Ty T T

BSCO+

G/HP HR

BSNO2++

G/HP HR

PROJECT' 11-2869-01
ENGINE' AC 3500
MOVE FNGINE TORQUE POWER
SPEED
RPM LB=FT BHP
1 800 0.0 0.0
2 1500 1.8 .5
El 1500 S4%.3 15.5
4 1500 106.8 30.5
S 1500 157.6 45,0
b 1500 210.1 60.0
? 1500 ébe.b ?5.0
R 1500 315.1 0,0
3 1500 36?.,6 105.0
10 1500 $20.2 120.0
11 B8N0 l.8 3
le 2200 365.4 148,19
13 eenag 309,.9 129.8
14 220a 244 110.7
15 2200 218.8 Q1.7
16 2200 17?6.8 ?7%,1
17? 2200 133.1 55,7
18 2eno 8?.5 36,7
19 220g $3.8 18,3
en 2200 1.8 .?
el 800 0.0 0.0
MODE HC Co+ NO++
PPM PPM PPM
1 240 801 216
e 188 S?1 e25s
3 158 397 593
4 188 3le qle
S 228 eb3 1206
b e4n 343 1467
? 186 5¢el 1688
8 196 888 1908
9 132 2376 2033
10 56 4883 1915
11 248 830 217
12 l12¢ 715§ 1564
13 150 400 1558
14 148 306 1326
1S 148 2?2 11%5
16 156 che 951
17 160 240 ?8%
i8 170 254 596
19 156 - d} %13
20 172 350 245
21 300 84a9q 179
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

+

BSHC + BSNO2++=

CONVERTED TO WET BASIS

SERIAL NO.' 3D=17?
FUEL AIR
FLOW FLOW

LB/MIN LB/MIN
.05 b.OY
.09 10,51
.16 10.63
A 11.00
.32 11,09
.42 11.47?
.50 le.0e
bl 12.7?
.69 12.98
«80 13.21
.04 5.86

1.01 22.48
.87 2l.14
.77 e0.20
.65 19.0%
.56 18.419
<45 17.3%
.36 16.56
.2h 15.68
.18 19,92
« 04 5.85

WEIGHTED BSHC
BHP G/HP HR
0,00 R

.02 52,63
.58 1,48
1,3¢% .91
1.98 «7b
2d.b4 b3
3.30 W41
3,96 .38
$.b2 .€3
5.28 .09
.02 ?22.45
b,55 .25
5.71 o34
4,87 +37
$.03 .42
3.2b .53
2. 45 .b7?
l.61 1,0%
.81 1.79
.03 62,23
0,00 R
«577 GRAM/BHP
$.908 GRAM/BHP

11.88%6 GRAM/BHP

l2.463 GRAM/BHP

K
318,78
7.28
3,07
1,75
1.79
2.29
3.4%7
8.1%
14%.99
+83,12
2.97?
1,78
1,52
1,54
1.77?
2,01
3,089
bal?
252.67
R
HR
HR
HR
HR

++ CONVERTED TO WET BASIS AND CORRECTED TO 75 GRAINS

D-2

WATER PER LB.

DRY AIR

R
233.55
17,83
1%,83
13.21
12.5%
12.17?
12.25
11.4%
9,66
207,21
10.6b
ll,4%e2
16,8%
10.66
10.5?
10,83
l1.89
15.50
289,97
R



PROJECT' 11-2869~-01 DATE OF TEST' 11=-28=22 TEST NO.2
ENGINE' AC 3500 SERIAL NO.' 3D=17344
MODE ENGINE TORQUE POWER FUEL AIR EXHAUST FUEL
SPEED FLOW FLOW FLOW AIR
RPM LB=FT 8HP LB/MIN LB/MIN  LB/MIN RATIO
1 200 1.8 .3 .05 5.92 5.9? .008
2 1500 l.8 o5 .10 10.51 10,61 .009
3 1500 52.5 15,0 .16 1n.?3 1n.89 .015
4 1500 105.0 130.0 .25 11.03 11.28 .022
5 1500 157.6 45,0 .33 ll.21 11.5% .0219
b 1500 210.1 &0,0 .4e 11.7? le.19 .035
? 1500 2b2.b 75,0 51 12.21 l12.72 042
a 1500 315.1 90,0 .b1 12.89 13.50 «0%?
) 1500 36?7.6 1065.,0 .72 13.60 14,32 .053
10 1500 $1ba? 119,.0 .83 14,05 14,88 .059
11 800 1.8 .3 .04 5.73 5.,?7? .008
12 2200 360.6 151,1 1.02 23.16 24,18 <044
13 2200 315.1 132.0 .91 22.77? 23,68 .04%0
14 2200 2?71l.% 113.,7 .79 2l. 42 22,21 .037
15 2200 225.8 94,6 .b8 19.9% 20,.b2 «034
16 2200 180.3 75.5 .58 18.96 18,54 .031
17 2e0o 13%.,8 56.5 WY 172,99 18,43 .0¢e5
18 2200 91.0 38,1 <37 1?7.04% 17,41 .022
19 2200 $5.5 19.1% .27 l6.20 l1b.48 017
20 2200 l.8 o? .19 15.62 16.81 .012
2l ROO 1.8 .3 <04 5.73 5,77 .008
MODE HC COo+ NO++ WEIGHTED BSHC BSCO+ BSNO2++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 288 937 176 .02 85.08 551,80 170,51
2 240 b2k 245 .02 b?.21 348,25 2e4%,53
3 198 448 S4? .bb 1.90 8,55 1?7.15
4 2l EL D 867 1,32 1.06 3,37 14,08
5 254 2?5 1160 1.98 .8b 1.85 l2.85
b 25hb 320 1444 2.b% .b9 1.71 l2.6?
? 248 533 1643 3.30 .56 2.38 12,04
8 220 825 18%1 3.96 4y 3.25 11.93
9 114 24?4 1990 Y.b2 .21 8,87 11,72
10 b2 $2b2 19119 S.24% .10 1%.0¢2 10,36
11 192 693 2?6 .02 5%.87 394,79 258.36
le2 142 67?9 1560 b.b5 .30 2.86 10.79
13 152 4+38 1500 S5.81 .36 2.07 11.63
14 le0 2984 1301 5,00 g 1.51 10,99
15 162 248 1148 Y.1b 42 l.%2 10.81
16 158 237 Q3s 3.32 -1 l.b2 10.45
17 17e 2eq ?5b .48 A 1.97 l0,bb
18 184 242 598 l.68 1.11 2,91 11.80
19 178 25? $19 .84 2.03 5.8% 15.b6%
2o 186 29?7 243 .03 S2.,.9% 168,69 22b,.?9
21 320 856 186 .02 91.45 487,32 1?24,02
CYCLE COMPOSITE B8SHC = «b29 GRAM/BHP HR
BSCO+ = 4,273 GRAM/BHP HR
BSNO2++= 11,913 GRAM/BHP HR
BSHC + RSNO2++= 12.54%2 GRAM/BHP HR

+ CONVERTED TO W

ET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO 25 GRAINS

D-3

WATER PER LB.

DRY AIR



PROJECT' 11=2869=01 DATE OF TEST*' 11=28=?2 TEST NO,3
ENGINE' AC 3500 SERIAL NO.' 30-1734%
MODE ENGINE TORGUE POWER  FUEL AIR EXHAUST FUEL
SPEED FLOW FLOW FLOW AIR
RPM LB=FT BHP  LB/MIN LB/MIN LB/MIN  RATIO
1 8an 0.0 0.0 O 5.72 5,76 ,008
2 1500 1.8 .5 .09 10,40  10.49 .009
3 1500 52.5 15,0 .16 10.71 10.8? .015
4 1500 105.0 30.0 2% 11,200 Ll.4% .022
5 1500 157.6 45.0 .32  1ll.2% 11,53 .029
b 1500 210,1 &0.0 .42 11.7?7 12.19 .03p
? 1500 262.6 75,0 .51 11.97  12.48 L042
8 1500 315.1 90.0 .61 12.95 13,57 L0%?
q 1500 7.6 105,0 .71 13.26 13,97 L0853
10 1500 41%.9 118B.5 .83 13,60 14,43 .0b1
11 800 1.8 .3 .04 5.5¢ 5,58 .008
12 2200 357.1 149,6 1.01 23.15  2%.1lb 0%y
13 2200 315.1 132.0 .91 22.28 23.19 .04)
14 2200 271.4% 113,? .80  21.37 22.17 .037
15 2200 225.8 94,6 .69 19,96 20,65 .035
16 2200 180.3 75.5 .57 18.83 19,40 .031
17 2200 134.8 65&,5 .47 17.9%  1B.%3 L02b
14 2200 91,0 38,1 .37  1b.92 l7.29 .022
19 2200 45,5 19,1 .27 1p.29 16,56 .017
20 2200 1.8 .7 .19 15.72  15.91 L0112
21 8na 1.8 .3 L0 5.72 5,78 .007?
MODE  HC Co+ NO++ WEIGHTED BSHC BSCO+  BSNO2++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 272 842 17% 0.00 R R R
2 224 612 194 .02 b2,06  337.,6%  175,bl
3 180 435 482 .bb 1.72 8,30 15,10
4 196 4] 730 1.32 .49 3,43 12.0%
5 234 287 995 1.98 .79 1.9% 11,01
b 232 307 1200 2,64 .62 l.b% 10,53
? 224 495 1424 3.30 L%9 2,17 10.24%
8 206 788 1bb2 3,96 31 3,12 10,82
q 142 2165 1792 4,62 .25 ?.57 10,30
10 b8 4469 1722 5,21 .11 1%,31 9,06
11 212 $60 280 .02 58,59 308,42 253,35
12 128 b¥3 1404 b.58 W27 2.73 9,80
13 146 389 132 5.81 .34 1,79 10.33
14 158 246 119§ 5.00 .39 1.26 10,07
15 150 212 1025 4.1b .43 1.22 9.bb
16 128 214 42 3,32 .43 1.45 9,35
1? 160 204 599 2.48 .b8 1.75 9,85
18 178 218 542 1.68 1.0? 2.60 10,61
19 170 233 396 .84 1,95 5,32 14,84
20 178 272 230 .03 50.98 155,33 215,32
21 300 ?7% 176 .02 85.5% 440,27  163,9%
CYCLE, COMPOSITE RSHC =  ,590 GRAM/BHP HR
BSCO+ = 4,4b2 GRAM/BHP HR
BSNO2++= 10.603 GRAM/BHP HR
BSHC + BSNO2++= 11.19% GRAM/BHP HR

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO 75 GRAINS

WATER PER LB.

DRY AIR

D-4



PROJECT!' 11=2869
ENGINE® AC 35010
MODE ENGINE TO
SPEED
RPM L8
1 800
2 1500
3 1500
¢ 1500 1
5 1500 1
6 1500 e
? 1500 2
8 1500 3
9 1500 3
10 1500 4
11 800
12 2200 3
13 2200 3
14 2200 2
15 2efnn e
1k 2200 1
17? eann 1
18 2200
19 2c00
20 2200
el 800
MUODE HC C
PPM P
1 2b8
2 2y
3 186
4 20e
5 240
b 254
? 240
8 230
9 156 2
10 92 4
11 2eo
ie2 160
13 168
1y 172
15 17¢
16 176
1? 18%
18 200
19 190
20 192
2l 340

CYCLE COMPOSITE

BSHC

+ CONVERTED TO

++ CONVERTED TO WET BASIS AND CORRECTED TO 7% GRAINS

WATER PER LB

=01
RQUE POWER
-FT BHP
0.0 0,0
0.0 0.0
5¢.5 15,0
03.3 29,5
SH.1 44,0
0bke.b 59,0
59.1 ?4%.0
l1l.6 89,0

b2.4% 103.5
13.2 118,0

0.0 0.0
SS.% 148,19
1l.6 130,85
66.1 111.5%
2l.b 2.4
?6,.8 74,1
33.1 55,7
87.5 36.7
3.8 18.3

3.5 1.5

0.0 n,o
O+ NO++
PM PPM
Q66 197
bSe e4?
474 562
367 87?S
300 1188
356 1420
54?2 1638
928 1837
2?3 200%
SY4 19089
6b? 269
b80 159¢
$13 1610
e?li 1329
2es 1158
2e? 957
2lb ?86
231 603
245 Y22
285 245
830 198

BSHC =
BSCO+ =
BSNO2++=

+ BSNO2++=

WET BASIS
. DRY AIR

D

DATE OF TEST!

SERIAL NO.' 3D=-17
FUEL AIR
FLOW FLOW

LB/MIN LB/MIN
.04 5.73
.nAa 10.40
.16 10.70
.23 10.84%
<31 l1.20
LY 11.76
50 le.04
.59 l12.b4
. b9 13.10
.82 13.87
0% S5.54%

1.00 23.14%
.90 22.29
.78 21.38
.b? 19.98
.57 18.86
. 4b 17.81
.37 17.18
.27 lbale
.19 15,67
. N4 5.72

WEIGHTED BSHC
BHP G/HP HR
0.00 R
0,00 R

. bb l1.78
1,30 1,00
l.9% .83
2,60 .B9
3,26 «SY
3.92 + 45
.55 .27?
5.19% .15
g.00 R
6,55 .34
5.7¢% .39
.90 .45
4.07 .51
3.26 .bl
2.45 .80
1,61 l.2b

.81 c.c4

.06 27.23
0.00 R
«bb8 GRAM/BHP

4,817 GRAM/BHP

12.1018 GRAM/BHP

12,7277 GRAM/BHP

-5

34y
EXHAUST

FLOW
LB/MIN

BSCO+

G/HP HR

HR
HR
HR
HR

11=28=72 TEST NO.4

FUEL
ATIR
RATIO
.008
.0019
.015
.022
.028
.035
041
+04?
.053
.059
.007?
.043
«N40
.037
.034
.030N
.026
.021
.017?
.Q01e
.007?

BSNO2++

G/HP HR



DATE OF TEST'

11=29-72 TEST NO,S

FUEL
AIR
RATIO

.006
.009
.015
.002
.028
.03%
.049
L047
.052
.05%
.007?
LO%Y
.035
.03?
.034%
.03n
.026
.021
'Olh
.012
.007?

- S e R e G TR T N R S D T D T W TR A T e T YR T R T R D R PR D S5 WD R G D S D P R e DD e

BSNG2++

G/HP HR

PROJECT' 11-2869~01
ENGINE' AC 3500
MODE ENGINE TORWUE POWER
SPEED
RPM LB=FT BHP
1 800 1.8 .3
2 1800 1.8 )
3 1500 49,0 14,0
4 1500 105.0 30.0
5 1500 159,23 45,5
b 1500 210.1 0.0
? 1500 2b2.b ?5.0
8 15n0 316.9 90.5
9 1500 365.9 10%,.5
10 1500 $21.9 120.5
11 800 5.3 .8
12 200 I4B. ¢ 145,.9
13 2200 309.9 129,8
14 2200 2bbo,1l 111.S
15 2200 220.b 92.4%
16 2200 176.8 4.1
17 2200 133.1 55.7
18 2Pno 87.5 36,7
19 2enon ¥3.8 18,3
20 2200 5.3 2.2
21 800 0.0 0,0
MODE HC Co+ NO++
PPM PPM PPM
1 292 858 186
e 2cY 559 253
3 18% 3?e S54%
4 20y 291l Q00
S 246 2e’? 1138
b 25y 285 1394
? 240 bQ]7? 1536
8 208 ??5 17191
9 132 20ee 1912
10 S4 $+189 1881
11 eby ?7?5 24
12 142 519 1482
13 1S5¢ 368 1457
14 152 234% 1251
15 156 213 1106
1b 160 20e Qe
1? 168 192 741
18 182 eob 55?
i9 178 221 Y09
20 196 272 241
21 332 857 1?2?
CYCLE COMPOSITE BSHC =
BSCO¢+ =
BSNO2++=

+

BSHC + BSNO2++=

CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS

WATER PER LB. DRY AIR

SERTAL NO,' 3D=1734%
FUEL AIR EXHAUST
FLOW FLOW FLOW

LB/MIN LB/MIN LB/MIN
.03 S.91 S.%
.09 10.60 10.69
.10 1g.82 10,98
.02 10.91 10.93
.32 11.¢28 11,60
oMl le.l2 12.53
.b0 12.28 12.88
.60 12.78 13,38
.71 13.51 l4.2¢2
«?? 14,17 1%,9%
L0 S,?2 S.7?6
.99 22.55 23.5%
«?7? 21,83 2e. b0
.78 20.92 21.720
«b7? 19,92 20.59
.57 19,00 19,57
46 17.83 13,29
.36 16.85 1?2.21
.2b 15.95 lh,21
.18 15,42 15,60
.04 5.91 5.95

WEIGHTED BSHC BSCO+

BHP G/HP HR G/HP HR
.02 85,90 503.63
.02 63.23 314,46
.be 1.90 ?2.67

1.32 .98 2.29

2.00 .83 l1.582

2.b4 .70 1.58

3.30 «Sh 3.15

3.98 ot 3.01

4'60 .E‘* .24

5.30 .09 13,66
.05 25,10 146,71

bOWE 030 2020

So?l .35 1.69

*‘qo .3q l.EO

.07 46 1.25

3‘2" 055 1.40

e.s .73 1,65

1.61 1.13 2.54%
.81 2.08 5,13

0.00 R R

«631 GRAM/BHP HR

Y.380 GRAM/BHP HR

11.5286 GRAM/BHP HR

12.156  GRAM/BHP HR

D-6

179,50
233,49
18,75
14,16
12.50
12,57
11.4%0
1l.4%
li.2%
l0.08
b%.60
10.33
10.986
10,52
10.65
10.30
10.51
11,30
15,63
?3.92
R



29=72
Ity

TEST NO.b

EXHAUST
FLOW
LB/MIN

FUEL
AIR
RATIO

b.14
10,69
l0.98
11.3%
11.70
11.98
12.53
13.21
14.38
16.0¢2

S.58
24%.08
23,15
21.65
en.29
19.51
18,35
17.30
le.37
16.62

5,95

.007?
.0089
.015
.022
.029
.035
042
. 04?2
.052
. 060N
.009
.0“1
« 040
«037
«03%
.030
.02b
.021
.016
.012
.007?

PROJECT' 11=-
ENGINE' AC 3
MODE ENGINE
SPEED
RPM
1 800
2 1500
3 1500
4 1500
5 1500
b 1500
? 1500
8 1500
9 1500
10 1500
11 800
12 2200
13 2200
14 2200
15 2200
16 2eno
1? 2200
18 2200
19 2200
20 2200
21 800
MGDE  HC
PPM
1 268
2 216
3 178
4 198
5 236
b 236
? 222
8 196
3 124
10 50
11 248
12 128
13 144
14 146
15 148
16 152
1? 158
18 172
19 166
20 178
21 316

CYCLE COMPOSITE

+

2869=-01
500
TORQUE POWER
LB=FT BHP
0.0 0.0
1.8 .5
S%.3 15.5
105.0 30,0
15?7.6 45,0
210.1 0.0
2b0.8 ?%.5
315.1 90,0
3b?7.6 10S.0
$1b.7?7 1189,0
1.8 3
I4l.¢ 143,0
309.9 129.9
gbbel 111.5
2eld.b 2,4
178.6 ?4.8
133.1 S5.7
87.5 36,7
4S5.5 19,1
5.3 2.2
5.3 .8
CO+ NO++
PPM PPM
8?0 168
bes 215
448 486
ELDN 8e?
288 1106
ELY 1358
5ee 1547
BbY 1?7274
2507 1875
Y4pe 1781
8e? 223
bel 1459
413 1428
294 1223
ere 1068
250 878
240 7?18
255 559
282 390
336 232
884 168
BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2++=

CONVERTED TO WET BASIS

DATE OF TEST!' 11~
SERIAL NO.' 3D=17
FUEL AIR
FLOW FLOW
LB/MIN LB/MIN
.04 b.1lD
.09 10.60
.17 10.81
.24 ll.10
.32 11.38
-4l 11.57
.50 l2.03
.59 le.b2
.71 13,67
.85 14.1?
.05 5.53
.95 23.13
.89 22.2b
«7? 20.88
«bb 19.63
.57 18.9%
4B 17.89
.36 1b.94
) 16,11
.18 1S.44%
.04 5.91
WEIGHTED BSHC
BHP G/HP HR
0,00 R
.02 60,97
.b8 l1.66
l.32 .99
1,98 .81
2.b4% .b2
3,28 .49
3.9 .38
Y.b2 .22
5.24% .08
.02 68,50
6,29 .28
5.71 <34
4$.90 .37
4,07 .43
3.29 .52
2,45 .09
l.bl 1,07
«BY 1.88
.10 16,869
.05 31,03
«595 GRAM/BHP
%.94%0 GRAM/BHP
ll.24%6 GRAM/BHP
ll.8%2 GRAM/BHP

BSCO+

G/HP HR

351.4%9
8,34
3,40
1,97
l.81
2.31
3.33
9.03

14,68

455,00
2.75
1.9%
1,50
1.5?
l.71
2.08
3.1b
b.38

b2.?2

173,03

HR

HR

HR

HR

++ CONVERTED TO WETY BASIS AND CORRECTED TO 7?5 GRAINS

WATER PER LB.

DRY AIR

E)_

5

BSNO2++

G/HP HR

198,21
14.88
13,50
12.4%3
11.71
11,24
11.25
11.09

9.71

201,95
10.62
11,00
10.27
10,10

9.89
10.21
11.39
14.45
721,17
54,07



PRUJECT '] 1=26L6Y-

nl

DATE UF TEST'2=1=72 TEST NO,L

ENGINE *CaT 1eC SERIAL wC.'lAayBIR
MODE  ENGINE  TORWUE  PHOWER FurEL ALR Ex4ausl FUEL
SFEEL FLOW FLOW FLOwW AIR
Rt LR=FT BHP LB/ AIN  LB/MIN  LB/MIN RATIU
1 bS G Uel J.N b ?.h0 ?.bh .00
0 1400 Gl 0.0 .13 15.28 15,41 .009
Bl w06 54.5 15.9 .U 15,43 16.13 .013
4 1%y 117.3 31,3 .27 lb.23 16,50 .0lb
- 1von 1?B.b 47.6 L34 lb.52 lh.8b .021
b 1400 23b.3  Hh3I.N S40 1b.48 lh.88 024
? 1%0u 297.h 4.3 .51 Lh.?% 1?2.26 .033
& 1%C0 353,k 94,3 .54 1?2.00 1?7.59 .38
a 1800 4$1%.9 11d.6 + b8 17,45 18,13 .038
10 1u40n $99,.7 i27.9 .’b 17.68 18,44 .0%3
11 hoi o N, 0 TR ?.55 ?.b1 .008
12 1900 Y% .+ Lib,3 .47 25.b4% 2h.be .038
13 19¢) 353.h i2?2.9 REL PI.H3 Pteb? «035
1 1409 InL.l lud.d .73 22.bN 23,33 .u3e
14 1904 254.8 91,8 kY 2.7 e Kl .029
16 1400 1949.6 72,2 .52 2N R? 21,34 .1es
17 1900 1+8,%  53.8 L5 Ai. 2 21.37 .Neil
18 1900 1nl.s  3%.7 .34 L4.b72 19.91 029
11 190y SH1.R 13,4 LK 2,51 2n.?8 L)LY
2 1400 Dl 0 ).N .2 2U.57 20.79 L1l
21 660 0.0 . .15 7.h0 ?2.h5 L0407
MUDE HC Cu+ NO++ WEIGHTED BSHL BSCO+ BSNO2++
PPM FPM PPM BHP G/HP HR G/HP HR G/HP HR
1 ab ¢he Sy 0.00 R R [
2 24 e?8 b2 0.00 R R R
3 b 187 146 .70 .UB 4.20 bo%l
4 4 103 e?l 1.38 .03 l.44% bel?
5 ] 77 Ye? 2.09 0% s b.S3
b 2] 50 53§ 2.?? .03 » 36 b.19
? in ?5 548 3.49 .03 .43 5.62
R 12 88 593 %.15 .03 -%3 Y¥.78
] 12 Y 553 4,87 .03 «3Jc 3.91
1n i 98 537 5.63 .02 «37 3.34%
11 1e 224 91 0.00 R [ R
12 =) 99 519 b.4% .01 %7 4,08
13 b 74 557 5.63 .ue .38 4$.,b%
14 b 75 549 $,.79 .01 4e 5.08
15 3 ) 507 4,04 .d3 «17? S. 4%
1e b 89 45k 3.18 .02 .70 5,83
1? ‘+ Q0 330 e.37 .02 .94 5,65
18 + 115 %0 l.62 U3 l,b4% 5.61
14 4 143 146 .81 Ub $.25 7.11
2n e0 237 81 0.00 R R R
el ?6 306 5% 0.00 R R R
CYCLE COMPOSITE BSHC = + %6 GRAM/BHP HR
BSCO+ = .999 GRAM/BHP HR

BSNO2++= 5,11b GRAM/BHP HR

BSHC + BSNO2++= 5,162 GRAM/BHP HR

+ CUNVERTED TU WET BASIS3
++ CONVERTED TO WET BASIS AND COURRECTED TO 75 GRAINS

WATER PER LB

. UL

RY AR

D-8



PRUJECT'11=2up9=0}

ENGINE

‘gar

LATE UF
SERIAL M

TEST'a=p=
N.' LAWAL

MDA 0D o G DD D D A EP D G 0 W D U S i e o m GD P S G =D SR D R Y T G Ge D G e G S TS SR o T G S

MOUE

ENGINE
SPEED
wPw™

FUEL
FLUR
LY/~ Ii

AlLR
FLOwW
LB/MIN

LAl Al LAl Al A L L LR R L L P E Y EY EEE YL R LY P EEY Y LY Y Y F T

14
2l
21

by
L4 0u
1450
L 2]
1404
L4000
100
1400
Leng
100
bW 0
1901
L90hi
19006
1904
14914
19460,
19uu
1900
19r¢
[CEX)

.05
L%
«20
'Pe
3t
.45
«5%
.h3
. 7%
.8¢
. N5
RS
.78
+ha
PR
«5U
43
.3b
QPq
.21
!5

.42
15.9h
lboll
iba1ll
l6.26
1b.SN
b2
1?.28
LR.05
18.80

beQP
23,85
¢e.?d
ce.2?
2l.5H
2l.15
.72
2n.510
20,55
2n,562

hhe9a

P T Y L T Y T R e Y P P P P L P L L P P L L R P R R L R L L

MUk

HC

PRM

WEIGHTED

BHP

BSHC

G/HP HR

-2 VAN Y Al R N N

Q
14
11
12
13
14
1S
lb
1?
18
19
eu
21

CYCLE COMPOSITE

+

1%
be
“n
3h
30
EL]
lb
1%
le
18
In
2%
ik
18
14
la
14
s
18
k]
e

NsC
TOMHE  POWER
La=rT 44P
e (LIPS 1]
f1e .0
bi.3 1h,3
12¢.5 32.7
18&.1 WU.S
a4%th.8 bS,.3
Ju4.,. 9 82,6
In. 4 Q3,8
$32.4 1iH,,3
Q)2 130,7
lig il UaoN
Ibli.b 130L,8
EP RN I R
2?3.1L 88.8
ee4.3 8.0
18041 b, 4
13b,h L
4,0 32,9
$w7.4 172.3
Nl e
ilalt b’}
Cue NO++
PPM PPM
333 3o
ELL 53
eee 1es
1%e 259
15 340
b3 445
8R 534
be 5eq
98 S01
13% 520
es3 21
i1l 485
128 448
113 $8Y
1e? wye
128 346
141 2b?
)68 200
ece 134
2?7 ?1
332 3b
B3NHC =
BSCO+ =
BSNOR++=

B8HC + HSNO2++=

CONVEKTED TU wET BASIS

0.00
6.00
.72
Loty
e.l%
e.90
3,63
$,33
5.07
5.75
0.00
S,?7%
5.0%
.35
3,65
2.90
2.1?
1,45
«?5
0.00
0,00
«110
1.385
w.?ls
“,B824%

R

R

.53

.24

Sl

.12

LUY

.03

.U3

.0%

R

.Ub

.Us

.Ub

.Ub

.U8B

.08

.12

.€9

R

R
GRAM/BHP
GRAM/BHP
GRAM/BHP
GRAM/BHP

77 TEST NO,2
8
EXHAUST  FUEL
FI_OW AIR
LB/MIN RATIN
.47 .006
16,10 .0N9
1b.31 L0113
ih.39 .aL?
1h.h2 .na2
16,99 .a0e7
17.265 .u32
1?7.88 ,037
1R.?9 L0411
19,62 LUsY
.97 Lu0?
2%.70 L 036
¢3.5b L34
22,9h L0310
e2.14 EL
21,65 .04
ei 15 Ul
2n.8h LULR
en.8Y 14
2n,?3 L01n
h,9H L0u?
BSCU+  BSNO2++
G/HP HR G/HP HR
.4 "
R R
S.B% S.%1
1.87 S.b2
1.03 5.7b
%3 5.50
.48 4,82
+30 $.15
42 3,53
«53 3,38
R R
«55 3.97
«b? Y.4¢2
.69 4,91
.49 S.57
1,10 %.92
1,59 4,93
2.80 5.48
?.10 ?.07
R R
R [
HR
HR
HR
HR

++ CONVERTED TO WET BASIS AND CORRECTED TO 75 GRAINS

WATER PER LU,

VDRY AIR

- D-9



PROJECT'11=2869=014

DATE OF TEST'2=9=-7¢7

NU. !

1a4%81

)

TEST NU.3

AIR
FLOW
LB/MIN

?7.97?
16.03
le.01
16.00
16,03
l6.23
k.57
172.03
i?.8¢
18.30

?.3¢
24.25
23.10
de.ce
fl.b6@
21.33
el.an
2l.be
2N.hs
c0.43

7.12

BSHC

G/HP HR

EXHAUST

Fi
L.b/

8.
16,
1k,
leb,
16,
lbh.
1?.
17,
18,
19,

7.
5.
3.
cd.
ee.
21,
¢l
20.
en,
2l.

7.

Ow
MIN

oe
16
21
27
349
b7
04
b6
54
11
37
1?
41
a3
24
Rb
44
98
93
15
17

BSCO+

G/HP HR

FUBL
AIR
RATIO
LU07?
.008
J01e
.017?
.022
.027?
.032
<037
<041
U044
.00?
.038
.35
.032
,U2y
.12k
.NeL
.01
JULY
L0l
LUN?

BSNOQ++

G/HP HR

ENGINL 'CAT DoC SERIAL
MODE ENGINE TORWNUE PuwEr FUFL
SPEED FLOW

RPM LB=FT RHP La/HIN
L b40 3.0 (teN .05
4 1400 .0 0.0 013
k) L4au b4.8 172.3 .20
4 1%00 12b.0 33,6 .27
3 1400 1849,) SO 4 .3b
3 1400 253.8 17,7 Y
2 1400 I1b.9 84,5 Y-
a2 L4600 38i.b 101.7 .h3
B 1400 t4t.2 117.6 .7e
1n 1400 $9..9 131.1 .81
13 by tia U el .15
1° 14900 378.1 13b,8 <42
14 1904 330.9 1149,.? . H1
% 1400 281.9 10¢f.0 .71
15 1A 23%.6 HY.,9 .he
16 1900 187,3 67.8 .5e
1/ 1Lq0vu I%¥3.6 51,9 JHY
17 1960 9% .5 3+.2 . 3b
11 1900 5.5 1h,.5 . ¢8R
el 18nu a0 Lot .2
- b0 n.0 n.n 1S

MNDE HC CO+ NO++ WEIGHTED

PPM PPM PPM BHP

1 ?b 33e 17 0.00
2 bb 318 34 6,00
3 48 318 l1¢ s ?b
4 L¥] 91 259 1,48
5 Gy ?6 429 c.2¢2
b by b3 Sbb 2,98
? 44 75 605 3.7¢2
8 44 be 588 $.48
] 42 98 Skl 5.17
iu YU )59 568 5,77
1 8N 253 ERS 0,00
le ee be 5§78 b.02
13 2o 494 590 5.27
14 18 25 S83 4,49
15 18 es 5119 3.73
16 20 38 4e? 2.98
17 24 2b 3eb 2.29
18 eY 51 2le 1,50
19 28 117 130 .72
20 be 197 b8 0,00
21 108 279 34 0,00
CYCLE COUMPOSITE BSHC = +165
BSCO+ = .953
BSNO2++= 5,123
BSHC + BSNUe++= §,.,289

+ CONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO 25 GRAINS
WATER FER LB,

DRY AIR

D-10

R

R

.59

.c?

.19

.14

.12

.10

.09

.08

R

.05

.08

.05

.06

.08

.43

19

47

R

R
GRAM/BHP
GRAM/BHP
GRAM/BHP
GRAM/BHP

HR
HR
HR
HR

R
R
7,78
l.16
b5
.41
40
-EB
o4l
.0l
R
30
«2b
.15
.18
.32
.CB

R

R
4,55
5.43
b.02
6,03
5,28
.41
3.82
3,587

R
4,57
5.09
5.6b
5.88
5,94
5,81
5,62
.12

R

R



PROJECT'11=2R869=01

L LI LR L L L L LY P Y T LT P Y T Y LT Y

DATE OF TEST'2-4=72

SERIAL N

FUEL
FLUW
LB/IMIN

+U5
.13
.19
.27
.33
-
.51
.bl
.71
.82
.08
.93
.He
.70
.k
.52
.43
.3b
.28
.22
.0S

0.' lA%81
AIR
FLOW

LB/MIN

8.0¢2
15.9¢2
15.93
15.92
15,90
16,17
lb.45
1?7.0¢
17.90
18.82

7.45
24.5¢2
23.¢2n
ed.3n
2l.88
gdl.4e
2n.9y
20.82
e0.83¢2
€l.07

?.35

WEIGHTED

BHP

BSHC

G/HP HR

0.00
0.00
.72
1.4%%
2.1lb
2,92
3,63
“.33
5.07
5,75
0,00
6,05
5.29
4,60
3.79
3.01
2.2b
1,50
.75
6.00
0.00
.185
l.082

ENGINE 'CAT DeC
MODE ENGINE TORGUE POWER
SPEEUD
RPM LR=FT tsHP
1 b4 0 Ja0 NL.0
I 14«00 U.0 0.0
J 140U bl.3 1b.3
4 1«00 122.5 3°2.7
b} l+0u 183,8 49,0
5] 1400 e+H.b bb,.3
? L4000 34,9 H2,.hk
B 1400 3h%,% 98,5
R 1400 $3d.4% 115,3
1 1400 Y490,2 130,7
li b4y e 0 0.0
12 lagu 3?49,.9 137.%
14 185ng 33¢.bp 1l20,.3
1Yy 190U 81,9 104.58
15 L1890 e3Iu. 1l 86,1
1k 14900 1849.1 bB.Y
17 1900 l%1.8 51.3
1A 190y 44,5 3v.e
19 L4900 “7.3 17.1
el 160n .0 .0
2l bY L lie0 t.n
HUDE HC CO+ NO++
PPM PPM PPM
1 Qe 306 3s
2 b0 ese Se
3 58 131 140
4 32 51 bl
5 3¢ eb Y40
b 3e eb S5%
? 3b ie b0b
8 EL es 600
q EL 3? 873
10 ae bl 587
11 Qe 145 5¢2
ie 3e 111 Sb4
13 ie lle 579
14 EL) lle 549
15 3b 127 487
16 38 140 38%
17 38 141 31k
18 3b 168 17%
19 Y2 19¢ 103
en b0 e?? 59
2l Qb 306 se
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2++=

+ CONVERYED TO WET BASIS
++ CONVERTED TO WET BASIS AND CURRECTED TO ?5 GRAINS

D-11

WATER PER LB.

DRY AIR

S.0bY%
S.24%9

R

R

.7b

.21

olY

.11

.10

.08

.07

.0b

R

.08

.08

.10

.12

.1b

.c1

.29

.b8

R

R
GRAM/BHP
GRAM/BHP
GRAM/BHP

TEST NQO,.%
8 .
EXHAUST FUEL
FLOW AIR
LB/MIN RATIOD
8.07 .00b
16.05 .008
l6.12 .012
16.189 .017
16,23 .021
16.519 .Ueh
16.96 031
17.63 .03b
18.61 .04%0
19.b4 SOy
?.50 LUU?
25.45 .138
c+.ue .35
23.01 032
2o .48 .0238
2l.94% Al
2l.4l N
21.18 .A017?
cl.)b TR
¢l.e29 IRE)]
2,040 L7
BSCO+ BSNOg++
G/HP HR G/HP HR
R R
R R
3.39 5.97
«b? 5,56
.23 b.30
.17 b.0L
.07 5.38
.12 $.,bY
.1b 4,00
.24 3.b2
R R
.54 4.51
.59 4,99
«b5 5.22
.87 5.50
l1.18 5,33
1,58 S5.71
2. 7% 4,68
b.35 5.8
R R
R R
HR
HR
HR
HR

GRAM/BHP



TEST NC,&

FUEL
AIR
RATIO

- U0k
.008
.0le
.0l6
L0021
.ues
.030
.033
.1139
. 0%5
L7
LU n
037
034
. 030N
026
e
RN
o113
Q31N
7
SENL vt

G HE

i’.lR

i

PR
v
oot

SE D e -2

wF F U o
s 3 = e .

[ES I ww R » I

[« <IN VRS~ S TR

PRUJECT'11=28b9=01 UATE OF TEST'e=-l1p=7?2
ENGINE *CAT DsC SERILIAL NO,' 1A4B1S
MUUE  FNGINE  TORJUE  POWER FUEL AIR EXHAUST
SPEED FLDW FLOW FLOW
RPM LB=FT BHP LB/MIN LB/MIN LB/MIN
L b40 a0 0.0 .05 7.78 ?.83
I 1400 {ia0 a.0 .le 15.97 16,09
} 1%00 54,5 15.9 .19 15.98 1,17
R 1400 119.,n0 31,7 .2b 16.98 lba.2%
) 1v00 178.6 $+7.6b .33 15.4956 lh.28
b L4040 238.) ©3,5 Pl lb.25 lb.bb
7 1400 299,4% 24,8 .50 lb.5¢ 17.0¢
B 1400 365.%  H44.7 .07 12,0686 1?2.6¢2
1 14%00 $ibe.? 11l b8 1?7.58 18.27
1y 1400 Y8M.4% 13u,2 .83 18.60 19,43
1. b4 { a0 1N AR 7.18 ?.23
L2 1900 “el.e 15°.0 1.00 25,08 ¢b.08
i 1460 Ipt .1l 131.7 .86 2347 24.33
1w 1400 3ib.1 1llv.n .?b 22.30 23,06
1% 1930 che.b 95,0 . hS 2l.4e ee.nN?
lh 1400 ellta. 1 ?baN .55 cli.98 2l.53
17 1490y 157.b 5?2.0 .us 2,58 cl.03
1H 1400 103.3 EXAN ] . db ell.5MN 2l.8b
14 1400 SR LR 4 .P7? T AT cltah?
2 1500 .0 u.n .21 eile?0 c.91
e h4U HeN g0 .09 ?.25 ?.30
MUDE HC Cu+ NO++ WEIGHTED BSHC BSCuU+
PPM PPMm PPM BHP G/HP HR G/HP HR
1 7e e?9 44 0,00 R R
2 b4 27?9 61 0,00 R R
3 bb 1?6 152 .70 .89 4,55
4 S8 Q] cbb 1.4%0 .39 l.22
5 38 b4 397 2,09 .17 .58
b 3t bY S?0 2.79 .12 44
? 36 ?5 6bl0 3,51 .10 42
8 32 88 bl? $.17 .08 .43
9 30 4 S76 4,89 0? .32
10 el 108 Se4 5.73 .06 .43
11 He ces bl 0.00 R R
12 cb 110 57% b.bq +Ub «50
13 Y Qq b0e 5,80 .06 48
14 eh lle 571 S.02 .07 .59
15 30 leb 583 4,18 . U9 . ??
1k EL 139 $57 3.3% .13 1.04%
17 I 141 EL 2.51 o l.3b
18 3b 168 256 l.b4 .27 2.4%6
14 40 cee i1bl .81 .59 be57?
eg ?6 330 106 6.00 R R
2l 114 356 bl 0.00 R R
CYCLE COMPOSITE BSHC = «178 GRAM/BHP HR
88C0+ = 1.225 GRAM/BHP HR
BSNO2++= &5,)178 GRAM/BHP HR
BSHC + BSNQO2++= §,.353 GRAM/BHP HR

+ CONVERTED TO WET BASIS

++ CONVERTED TO WEY BASIS AND COURRECTED TO0 725 GRAINS

WATER PEK LB, DRY AIR

D-12



PROJELT'L1=28m9=01

ST MNO.b

FUEL
AIR
RATIN

ENGINE 'CAT DeC

MODE  ENGINE TORW
SPEED

RP LR=F
i h40 i)
2 1400 (3
] 1%00 bl
- 1400 122
5 1%Nny 184
[ 1400 2%y
? l%Qn J0b
L 1400 364
9 1%¥00 LR
10 1400 $90
1 hY4 &
)e le0n 413
L3 1wy 3Ib?
1« 1900 313
i 14an Ph
) 1800 208
17 14901 157/
14 1804 105
1+ 149vuU 5
ci 14n¢C 1
L b4 3}
HODE HC CO+
PP~ PPN
L B4 3b
I 7?0 31
a 3b ce
4 30 9
5 c8 b
b cb ?
? ey ?
o} ce b
q en 8
10 1% 9
11 By e?
12 oY 11
13 24 11
14 30 ?
15 3n 11
1b 3b 11
17 3y 11
18 b e
19 %0 16
el b4 2b
2L 106 31

CYCLE COMPOSITE

BSHC + BSNO2++=

+ CUNVERTED TO W

UE  PUOKE
T BHP
.0 g.0
.0 0.0
.3 1b,.3
.5 32.7
. b 49,6
.1 85,3
.4 8l,7?
o 4 Q8,5
.2 115.7
.2 130.7
o i 0.0
«.c 1%4,5
L.h 133.0
POL I O
.4 a6, b
3 75,4
.6 85?2.0
.0 33,0
.5 19.0
-] .b
. . n
NO++
PPM
o] 3b
8 6e
3 145
1 210
4 457
b blY4
5 654
2 b3k
b 5S4
8 601l
9 5%
1 550
1 Sty
5 582
3 537
4 %53
S 370
9 ¢eq
9 1es
L 99
9 44
BSHC
BSCO+
BSNO2++

ET BASIS

DATE OF TEST'eg=l1l0-22 TE
SFRIAL NOJ' 1A4HIHK
R FUEL AIK EXHAUS T
FLOW FLOwW FLOW
LE/71IN  LR/MIN  LB/MIN
05 ?.92 ?.497
.1 15,85 16.07
o4 N 15.8% lholY4
s 1¢.93 1b,.26
. 35 lb.2- 1b.60
ol 1b.53 lb.94%
.- lb.48 1?2.50
bt 1?7.32 1?7.96
.73 1,08 le_8gl
.84 19.08 19,82
.05 ?.35 .40
.49 P eh, 4]
L H? 23,40 ex.?7?
.7b 2e.?8 23.8%
«hb ci.?h 2e.35
on4 2).12 el.h?
.4b i, 87 ei.33
-7 e, ?e 2l.nq
.8 2. ?3 2l.inl
.21l 20.98 el.1l4
N5 ?.7R ?2.83
WEIGHTED BSHC BSCO+
BHP G/HP HR G/HP HR
0.00 R [
0.00 R R
.72 47 5.78
l.44% .20 1.18
.18 .12 «57
c.87? .09 .5¢
3.5%9 .U? e
$.,33 .08 .30
5,089 204 «37
5.7?5 .03 .39
0,00 R R
6,58 .06 .51
5.85 +Ub .54
Y¥,.,99 U8 4l
Y.,21 .09 .69
3.32 .14 .86
2,51 +17 1,13
l.b? .2b 1,89
. BY% .58 ¥.92
.03 c¢B.2b 231.99
06.00 R R
= «15% GRAM/BHP HR
= 1.170 GRAM/BHP HR
= S.e7?5 GRAM/BHP HR
S.429 GRAK/BHP HR

++ CONVERTED TO WET BASIS AND CURRECTED TO 75 GRAINS

WATER PER LB.

DRY AIR

D

-13

BSNO2++

G/HP HR



24=72

EXHAUST
FLOW
LB/MIN

9,29
37.08
37.18
37,27
36,79
3k, 88
37.50
38,54
37.25
37,39

8,80
+9,3b
49,09
+7.59
43,87
46,50
46,79
47.28
PG, 4]
49,36

A b4

BSCO+

TEST NO.3

FUEL
AIR
RATIO

.008
.005
.0D8
.01l
.013
«017?
.020
.023
.029
.032
.005S
.N30
.027
.025%
.018
.01lb
2014
MUND]
.0ns
+N0b
. 005

BSNU2++

G/HP HR G/HP HR

l1a5.4%
148,31
3,69
l.12
.56
.27
.22
.38
2.b1
1e.51
128,119
2.90
«b?
.29
.49
.58
.78
l.%6
3.9¢2
45,83
lbl,65
HR
HR
HR

167,96
24b, %0
22.bb
19,15
18,27
19,n3
19,61
20,04
17.85
14,72
367,53
172,57
19.91
20,98
2l.?2
21.39
22. 42
25,77
39,51
215,50
359,55

PROJECT' 11=2869=01 DATE OF TEST! 10~
ENGINE'®' LM &V=21N SERTAL NO.' ooo0an
MODE ENGINE TORQUE POwER FUEL AIR
SPEED FLOW FLOW
RPM LB=FT HHP LB/MIN LB/MIN

1 Y40 5.3 W4 .04 9.25

2 1600 3.5 1.1 .20 36,88

3 1600 ?5.3 22,9 .30 3b.88

4 1600 l¥0,1 42,7 .39 36,88

5 1enn 2lft.l  bY4,0 W47 3b.32

b 1hOU PB3.,b6 8b,4 b3 36,25

? 1h00 355,4% 108,3 .73 3k, 7?7

R 160U 21,9 128.5 .88 3?7.b6

9 1600 449),9 149,19 1.03 3b.22
10 1600 553,2 168,5 1.17 Ik, 22
11 Y40 3.5 .3 JO% 8,76
1e 2100 Si%.? 205,R8 1,45 $?7.91
13 2100 456,92 182.0 l1.27 4$7.82
l4 cglan 38b,9 154,7 1,17 Yo, 42
15 2lon 32e.l 128.8 .88 48,499
1k 2100 ¢53.8 101,5 .73 46,77
17 2Lon 192,66 72,0 s b5 $bel4
18 210n 131.3 6&2,8% .53 6,75
19 210 hl,3 24,5 .38 49,03
2n 21no 7.0 2.f .28 4$9,0R
2l 40 3.5 .3 .05 9.59

MODE HC Ch+ NO++ WEIGHTED 8SHC
FPM PPM FPM BHP G/HP HR

L 96 2eb 18% .03 2b,?6

4 96 162 1b4% .05 44,05

3 Q8 87? EN-3 1,01 2.10

W 100 49 507 1,88 1,15

5 104 3? ?3b 2,.,8¢ .79

[ 106 24 1032 3.8n .60

? 116 Y4 1310 $,76 «53

B 122 48 1547 5,66 LY:

S 146 3949 lbbe b,59 .48
in 168 21%3 1536 .42 JUb
11 11¢e lb2 28B4 .02 Y% ,3b
1e 146 4519 1685 8,06 JUb
13 138 95 1708 8,01 .49
1% 132 36 1579 b,81 .54
15 126 48 1298 5,67 -1
ib 124 48 1081 Y. 47 .?5
17 124 49 854 3,39 .99
1R lee b2 bbe 2,31 1.45
19 1eb 4 453 1.08 3,35
ef) 132 99 283 .12 3p.7¢2
2l 112 187 253 .02 48,59
CYCLE CUMPOSITE BSHC = «??b GRAM/BHP

B3CO+ = 2,572 GRAM/BHP
BSNO2++= 20,43% GRAM/BHP
BSHC + BSNOZ2++= 21.211 GRAM/BHpP

+ CONVERTED TO WET BASIS

HR

++ CONVERTED TO WET BASIS AND CORRECTED TU ?5 GRAINS

WATER PER LB. DRY AIR

D-14



PROJECT®

11=2869=~-01

ENGINE' GM pv=71N
MODE ENGINE TORQUE PORER
SPEED
RP LB=FT BHP
1 w40 5.3 4
2 LbDo 3.5 1,1
3 1Lk00 71.8 21.9
0 1600 140.1 w4e,?
5 1600 213.6 bS.1
b lhun 281.,9 85,9
? lb00 355,4% 108,73
8 1600 $25.4 129,86
9 1h00 91,9 149,49
10 1600 Se0.2 1?0,7
11 440 3,5 .3
12 2lo0 521,7 208,k
13 2101 $S6,9 18e2,.7
14 210n 386,9 1647
15 2100 323,9 124,5
16 2100 2k2,b 105,00
17? 2100 1%92.6 ?7.0
18 210U 127.8 S1.1
18 2100 3,0 25,2
20 2loo 7.0 2.8
21 Yy 3.5 .3
MUDE HC Co+ NO++
PPM PPM PPM
1 88 213 252
2 a4 174 203
3 84 111 3bY
¢ g4 ?3 551
g 88 49 244
f 9y 48 8y
? 100 48 1221
] 11b By 1465
q 138 473 1b1lh
1n 132 2469 1491
11 108 226 2be
12 142 b23 1629
13 132 156 1640
1+ 130 59 l4%bb
15 130 48 1270
16 130 b0 1055
1? 128 b0 gae
18 128 A1 635
19 134 74 462
2o 138 99 291
21 116 187 252
CYCLE CUMPOSITE BSHC =
BSCO0+ =
BSNO2++=

RSHC + BSNOg++=

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO 7?5 GRAINS

O-15

WATER PE

R LB,

DRY AIR

DATE OF TEST' 10-24=-72 TEST NO,.%
SERIAL NO.' 00000
FUEL AIR EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN LB/MIN LB/MIN  RATIO
.04 9,34 9,38 L00%
17 36,23 36,40 .005
.27 36,57 36,84 .007?
.38 3b.20 3,58 .011
.50 36,30  3b.80 L0l
.b2 35,89 35,51 .017
.?3 35,96 3b,69 .020
.87 35,96  3k,83 024
1.02 35,83 35,85 ,029
1.20 36,27 37,47 L0373
.04 9,22 a.2b .005
1,46 47,84 49,30 .030
1,30 47,75 49,05 R
1,10 46,26  47.36 NED
.93 4b,2h 47,19 .020
.89  #9,95 49, 94 .018
.bb 46,50 47,16 L01%
.52 47,89 48, 41 .011
J43 49,01 4q, 4y .009
.32 48,96 49,28 .06k
.05 3,60 8, hS .N0S
WEIGHTED BSHC BSCO+  BSNO2++
BHP G/HP HR G/HP HR G/HP HR
.03 24,77  119.%9 232,53
.06 42,35  15b,%5 298,92
.96 1.8? 4,93 26,52
1.88 .96 l1.bb 20.42
2.86b .bb .72 18,18
3,78 .53 .54 18,07
4,76 L45 .43 17.8?
5,70 KT .b3 17.98
6,59 .45 3.06 17,17
?7.51 .38 14,26 14,14
.02 $5.01 187,62 357,04
9,18 L4y 3.87 1b.b3
8,04 L47? 1,09 19.03
b.81 .53 .48 19,39
5,70 .b3 .46 20.00
+,b2 .82 .75 21,69
3,39 1.03 .37 21.76
2,25 1,60 1.51 25,498
1.11 3.47 3,80 39,12
W12 32,06 45,69 221,59
.02 50,37 161,82 358,23
.?45  GRAM/BHP HR
3.087  GRAM/BHP HR
19.645  GRAM/BHP HR
20.389  GRAM/BHP HR



H0a?

TEST'
nongn

10=

AIR
FLOW
LB/MIN

T Deamam®ane

BSHC

32,b3
.33
L34
Lte
L
.99
.83
1.¢3
2.b4
25,43
40,30
GRAM/BHP
GRAM/BHP
GRAM/BHP

PROJECT' 11=2RHbA=01 DATE OF
ENGINME' LM bV=721N SERTAL
MODE  ENGINE TORWUE PURER FUEIL
SPEED FLOw

RPM LA=FT BHP .B/MIN
1 Y44 3.5 .3 04
2 160N 3,8 1.1 .19
3 leou ?3.5 ee.4 .30
'+ 1b0uy 141.8 43,2 %0
S 1600 elu,l b4 ,0 .5¢
b 1600 283.6 8Bb,4 . b4
? 1hu0 356.,4% 108,3 .75
8 1600 4+21.9 128.S .86
9 1hR00 495,44 150,19 1.05
10 1600 5¢8.5 170.1 1,21
11 440 3,5 .3 .05
le 210N 5¢1,7 208,b 1,47
13 2Lny ¥56,9 182,.7 1.31
14 2100 388,6 1554 1.11
15 2Lnn 3P7.4% 130,.9 .95
16 clon 59,1 103,¢% .79
17 etnn l192.6 ??7.0 . b5
1R 2L00 12?.8 S1.1 .54
19 eLng k3.0 25,2 - 40
20 2ln0 7.0 2.8 .31
2l 440 3.5 .3 .0b

MO HC COo+ NO++ WEIGHTED

PPM PPM PPM BHP

1 76 213 237 .ne
[ 80 149 207? .05
3 ?e 98 394 .99
4 4 b2 SR7? 1,90
5 74 49 800 c.82
] 78 48 1049 3.80
? 82 +8 1296 $.76
n g 84 1635 S.bh
Q 108 +468 17208 b.b4
1 1ny 2531 1577 ?.49
11 80 23R 247 a2
12 108 h?3 1703 Q.18
13 q8 155 17113 8,04
14 98 BY 1595 b,B4%
15 100 72 13by 5.76
1h lan 7e 108n Y.56
1?7 102 ?3 840 3,39
1A 1ne ?3 h48 2,25
19 104 87 449 1,11
2n 11n 112 28? .12
21 4 25 47 .02
CYLLE CoMPOSITE BSHC = .58b
BSCO+ = 3,223
BSNO2++= 20,539
BESHC + B3NQOP++= 21.12b

+ CONVERTED TO WET BASIS
++ CUNVERTED TQ WET BASIS AND CORRECTED TO 7?5 GRAINS

WATER PE

R LB,

DRY AIR

D-16

GRAM/dHP

25=72 TE

o xy an o= o em om on op

EXHAUST
FLOW
LB/MIN

ot W om W o e

8sCa+

HR
HR
HR
HR

ST NNO,5

FUEL
AIR
RATIO
D04
,005
.008
.011
+014
.018
021
Q024
.,029
+034
. 006
031
.nNeew
.023
.2l
«017
LY
.12
.NAR
NNk
L ONs

BSNOR++

G/HP HR



PROJECT' 11-28b9-01
ENGINE' INTERNATIONAL D407

DATE OF TEST!

SERIAL NO.' 54725

R FUEL
FLOW
LB/MIN

AIR
FLOW
LB/MIN

$=09=2?2

.03
.09
.15
.20
.25
.32
.38
o 4b
-1
.b%
.Ne
.78
b8
.57
51
L4
.35
.C8
.72
«17
.N3

4.97
12.02
12.13
12.10
11.84%
11.92
11.73
11.8%
11.80
11.5S

4.89
15,74
15.73
15.82
15.93
15,94
15,97
1h.02
16.0h
16,08

4,64

MODE ENGINE TORQUE POWE
SPEED
RPM LB=FT BHP
1 700 0.0 0.0
2 1800 0.0 0.0
3 1800 35.0 12.0
4 1R00 0.0 24%.8
5 1800 105.0 3b.0
b 1800 140.1 48.0
? 1800 175.1 60,0
] 1800 210.1 72.0
g 1800 245.,1 R4,0
10 1800 280.1 9b,N
11 700 0.0 0,0
12 2500 238,1 113.3
13 2500 210.1 100.0
14 2500 180,3 85,8
15 2500 15046 21,7
1b 2500 119.0 5b.7
1? 2500 89.3 42.65
18 2500 hl.3 29,2
19 2500 24.8 14,2
20U 2500 0.0 0.0
21 200 0.0 0.0
MODE  HC Co+ NO++
PPM PPM PPM
1 465 289 165
2 b0S 382 90
3 555 378 183
4 520 328 294
5 510 32% 397
b 545 374 565
? 580 +90 230
R 710 1024 933
9 915 2679 1123
10 820 7263 1239
11 545 2bb 171
12 1040 2204 14?1
13 860 1t42 1319
14 700 6?3 1091
15 705 514 863
16 730 425 b24
1? 700 Y42 +3b
18 ?n0 $57 313
19 730 485 212
20 780 489 119
2l 575 EEL; 180
CYCLE COMPOSITE B3HC
BSCO+
BSNO2++

WEIGHTED

BHP

BSHC

G/HP HR

0.00
0.00
.53
1,06
1.58
2,11
2.6%
3,17
3.70
4,22
0.00
%.99
4,40
3,78
3.158
2.49
1,87
1.28
.62
0.00
0.00
2744
7.80%
= 8,115

BSHC + BSNO2++= 10,859

+ CONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED 70 ?5 GRAINS

WATER PER LB

« D

RY AIR

D-17

R
R
?.50
3.52
2.2b
1083
1.5%
l.60
1,78
l.4%6
R
2.00
.l.-Bb
1.76
2.13
2.78
3.55
S.1b
11.08
R
R
GRAM/BHP
GRAM/BHP
GRAM/BHP
GRAM/BHP

TEST NO.4
EXHAUST FUEL
FLOW AIR
LB/MIN RATIO
5.00 .006
12,11 .008
le.28 .0173
12,31 <017
le.nq .22
la.e4 .027
17,11 .N32
12.30 0319
12,36 L0047
12.19 «0585
.91 004
16,52 «0%9
1b 1l .N43
16.39 .036
16,44 .032
16,36 .N2b
1k, 32 .022
16,30 .018
1,78 L0114
16,25 .010
$.7¢ .00k
BSCO+ BSNO2++
G/HP HR G/HP HR
R R
R R
l0.18 8.08
4,43 b.50
2.8? S.77
2.54% b.23
2.b0 be3b
4,60 b.89
10.36 7.14%
24%.22 b.?9
R R
8.45 9,26
4.93 9,35
3,38 9.00
3.10 8.55
3,23 7.78
$.4%b ?.23
be.?2 7.55
l4%,6b 10.51
R R
R R
HR
HR
HR
HR



PROJECT' 11=28b69=01

DATE OF TEST' 5=9

ENGINE' INTERNATIONAL D407 SERIAL NO.' 54725

MODE ENGINE TORGWUE POWER FUEL

AIR
FLOW
LB/MIN

5.13
l2.16
12,06
le.01
l2.04%
11.91%
1e.0b
11.79
11.88
11,40

4.89
15,81
15.88
15.76
lb.l2
le.10
lb.16
lb.18
lb.26
lb.1lb

5.256

BSHC

G/HP HR

-7

EXH
FL
Lb/

S.
l2.
le.
l2.
le.
le.

TEST NG.S

AUST
OW
MIN

15
25
2n
2l
30
3e

12,45
12,25
12,44
le.04

Y.

41

1b.5%
lk.b2

16,

31

16,60
16,51
16.50
1h. 47
1R, 48

lb.

32

5.27

B

G/HP HR

SCO+

FUEL
AIR
RATIO

.005
.008
.012
.01b
.02e
.027
.033
.039
«04R
<056
N4
.04%b
» 040
035
.030
N2k
.021
.018
LO014
+01n
L0004

BSNO2+t+

G/HP HR

SPEED FLOW
RPM LB=FT BHP LB/MIN
1 700 0.0 0.0 .ne
a2 1800 0.0 0.0 .09
3 1800 33.3 1ll.4 .14
4 1800 0.0 24%,0 .70
5 1800 105.0 36,0 .cb
b 1800 140.1 48,0 .33
? 1800 1?5.% b0.0 .39
8 1800 210.1 72,0 .46
q 1800 245,1 8%,0 «56b
10 1800 €80.1 96.0 «bY
11 00 0.0 0.0 .02
le 2500 2¢5.8 107,65 .73
13 2500 197.8 94,? .bY
1% 2500 1b9.8 80,8 55
1% 2500 140.1 6b6.7 .48
1h 25no l12.0 53.3 .41
17 2500 B%.0 40,0 .34
18 2500 56.0 @b,7 .29
149 2500 28,06 13,3 .2c
20 2500 0.0 0.n .1lb
el 200 0.0 0.0 .0c
MODE AC COo+ NO++ WEIGHTED
PPM PPM PPM BHP
1 415 254 lbh 0,00
2 57?5 335 95 0.00
3 545 320 163 .50
4 570 294 289 1,06
S 550 302 407 1.58
b S6N 333 536 2.11
? 610 +43 767 2.b%
8 ?60 986 910 3.17
q Q8Q 2869 1123 3,70
10 800 7232 1187 Y.22
1 5%0 2bb 196 0.00
12 1050 1864 1448 .73
13 B30 410 1281 $.l4
14 720 557 1047 3.56
15 60 434 809 2,93
1k 765 ERT 6165 2,35
1? ?50 383 437 1,76
18 ?es 398 3le 1.17
19 740 $13 el? .54
2n 285 416 159 0.00
21 b00 289 176 0,00
CYCLE COMPOSITE BSHC S 2.927
BSCO+ = 7?72.520

BSNO2++= 8,295
BSHC + BSNO2++= 1ll.222

+ CONVERTED TO WET BASIS

++ CONVERTED TU WET BASIS AND CORRECTED TO 7?5 GRAINS

WATER PER LB, DRY AIR

D-18

R
R
7.70
3.83
2. 48
1.90
l1.67
1.71
1.92
1.32
R
2.13
1.93
1.92
2.50
3.13
4.08
5.91
12.07
R
R
GRAM/BHP
GRAM/BHP
GRAM/BHP
GRAM/BHP

1
a2

1

HR
HR
HR
HR

R

R
9.01
3.93
2.?2
2.25%
c.4e
$.4%1
l.18
3,86

R

754
‘.22
2.9%6
2.84%
3.19
$.1b
b.4%?
J. 4y

R

R

R

R
?.5%
6.35
b.00
5,.,9%
b,8?
b.bA9
?.18
6,27
R
9.62
9,27
9,13
B8.7?0
8,22
7.78
8,34
11,57
R

R
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PROJECT' 11-28b9=01
ENGINE' INTERNATIONAL D407
MODE ENGINE TORQUE POWER
SPEED
RPM LB=FT BHP
1 200 0.0 0.0
2 18au 0.0 0.0
3 18n0 35.0 12,0
v 1800 70.0 24,0
g 1800 105.0 3b.0
b 1800 140.1 48,0
? 1800 175.1 60,0
8 1800 210.1 2.0
q 1800 24%5.1 B84%.0
10 1800 ?80.1 96,0
3l 200 0.0 0.0
12 2500 229.3 1049.2
13 2500 203.1 9b,.7?
14 2500 173.3 82,5
15 2500 1%3.6 68,3
16 2500 115.5 55,0
1? 2500 B?2.5 41,7
18 2500 572.8 27.5
14 2500 28.0 13.3
20 2500 C.0 0.0
2) 200 0.0 0.0
MUDE HC Co+ NO++
PPM PPM PPM
1 4bY4 27?72 188
2 6491l 347? q1
j 513 I44 151
4 592 317 268
5 563 314 IbY
b ble Ity 520
? 533 432 712
8 671 8b2 899
S g24a 2136 1088
10 730 b721 1186
11 592 2bs 163
12 888 1792 1481
13 7211 qnsg 1334
14 01 S44 1074
15 b51 421 834
1b 201 356 bl4
1? bY4e 360 %13
18 711 386 329
19 bbl 389 210
2n 553 368 16l
2l 3HS 254 153
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2++=

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS

D-19

WATER PER LB.

DRY AIR

DATE OF TEST?
SERIAL NO.' 5%
FUEL AIR
FLOW FLOW
LB/MIN LB/MI

.03 4.96
.09 le.l1?
.15 1e.33
.21 l2.16
b 12.42
.32 11.87
.38 11.79
.48 12.07
.58 le.ne
«hb ll.bb
.03 5.065
«?3 15.8¢2
b5 15,86
57 15.93
.49 16,02
.42 16.18
.35 lb.2b
.28 lh.2b
.23 16.08
217 lbe32
.ne 4.8h
WEIGHTED BSHL
BHP G/HP
0,00
0,00
«53 7.0
1,08 4.0
1,68 2.5
2.1l e.u
2.bk4 1,4
3.17 1.5
3.70 l.6
.22 l.2
g.00
4.80 1.7
4.25 l.b
3.63 1,8
3,01 2,0
2.%e 2.7
1,83 3.3
l.21 5.b
.59 10.6
0,00
0,00
2.b32 GRAM/
be922 GRAM/
B.18b GRAM/
10.818 GRAM/

G=}10=7?22 TEST NOQO.b
25
EXHAUST FUEL
FLOW AIR
N LB/MIN RATIO
4.99 . 005
12,26 007
le.,48 -01¢
12,37 ,017
12,69 .021
12.19 .027
12,17 . 032
12,55 . 040
le.b0 .,048
le.3¢2 .05b6
5.08 . 005
16,56 LO4b
lb.51 041
16,50 .036
16,61 ,031
lb.b0 .02k
lbh,bl . 027
1b.5Y4% .018
1,31 014
1b,49 « 11N
4.88 N0Y
pSCO+ BSNO2++
HR G/HP HR G/HP HR
R R R
R R R
4 9.39 be?b
3 $.29 S.97
? 2,91 5.5%
5 2s30 5,71
3 2,31 b.24%
Y 3,95 be??
Y4 8,43 b,.8S
4 2e.b8 b,57
R R R
8 7.15 9,70
0 4+.08 9.8%
S 2.8b 9,28
8 2.b8 8,71
9 2.83 8.01
8 3,77 7.12
5 bell 8.38
? 12,50 11.09
R R R
R R R
BHP HR
BHP HR
BHP HR
BHP HR



PROJECT' 11-28b9=01 DATE OF TEST! G6=11=22 TEST NO,?
ENGINE' INTERNATIONAL D407 SERIAL NO.' S4725
MODE ENGINE TORQUE POWER FUEL AIR ExHAUST FUEL
SPEED FLOW FLOW FLOW AIR
RPM LBR=FT BHP LB/MIN LB/MIN LB/MIN RATIO
1 700 0.0 N.0 .03 5.07 5,10 .005
2 1800 n.o 0.0 .N9 12.33 le.4e .008
3 1800 35.0 le.n «l4 11.86 1e.0n .012
L3 1800 0.0 24,0 .20 l12.18 12.38 .017
5 1800 105,0 3b,0 .2b le.27? 12.53 .021
b 1800 140,11 8.0 .32 12.10 l2.42 .026
? 1800 1?5.1 60.0 .39 le.15 12,54 .032
A 1800 210.1 7?2.0 4b 11.88 12.34 .038
q 1800 245.1 84,0 .54 l12.10 l2.64% » 045
10 1800 281.9 9b6.6 +b5 11.87 l1e.52 .055
11 700 0.0 0.0 .02 4.86 4,88 .004%
1e 2500 2e?.b 108,3 .72 15.84% lb.Sh .04%6
13 2500 20l1.3 95,8 .b? 15,98 16,65 . 042
14 2500 1?3.3 8e2.5 .Sb 15,93 16.49 035
15 2500 141.8 b7.5 .49 16.09 16.58 e
16 2500 113.8 S4.,¢e 41 16,089 16,50 .Nekb
1? 2500 B%.0 40.0 .34 l6.28 16,62 .21
1B 2500 7.8 27.5 .30 l6.10 1h.40 .019
19 2500 eb.3 12.6 .20 1b.07? 16,27 L0173
en esno 0.0 0.0 .18 l1b.19 lb,37 .01l
2l 70U 0.0 0.0 .N3 Y.b7 4,70 .NNk
MUDF HC CO+ NO++ WEIGHTED BSHC BSCO+ BSNOR2++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 563 e7? 161 0.00 R R R
? B2 9 358 90 0,00 R R R
3 b91 Iy 179 .53 9,13 9,65 ?.72
4 750 317 275 1,06 5.11 %.30 bol%
5 b32 %30 395 1,58 2.90 3,93 5.93
b ?58n 345 S4S 2.1l 2.5b 2.35 b.09
? h91l 478 ?81 cg.bt 1.91 2,63 7.05
R B49 938 939 3,17 1,92 $.23 b, 95
9 809 2l8l 1158 3,70 1,73 8.,b3 ?.53
10 59p ?106 1268 Y.25 1,01 e%.23 7.10
11 434 254% 162 0.00 R R R
12 730 1739 1422 4,77 1.47? b.99 9,40
13 582 858 1259 Y.22 1,33 3.92 9,45
14 533 534% 1017 3,63 1.4%1 2.80 8,78
15 513 411 765 2,87 l.b6b 2.65 B.12
lb 553 357 570 2,38 2.22 2.8b 7.50
1? Y74 360 %09 l.76 2.b0 3,94% ?.35
18 543 3be 284 l.21 Y.,27 S.68 ?.32
19 454 349n 159 «55 ?.80 13,35 8,93
20 572 381 129 0.00 R R R
21l 434 288 151 0.00 R R R
CYCLE COMPQSITE BSHC = 2,509 GRAM/BHP HR
BSCO+ = ?7.19% GRAM/BHP HR
BSNOe++= B.133 GRAM/BHP HR
BSHC + BSNO2++= 10.b%1 GRAM/BHP HR

+ CONVERTED TU WET BASIS

++ CONVERTED TU WET BASIS AND CORRECTED TO 7?5 GRAINS
WATER PER Lb. DRY AIR

D-20



PROJECT*11=28b6Q=01

ENGINE

MUDE

10
11
12
13
14
15
li\
17
1y
14
2]
="

MUDE

o ~dOT N F W -

0

10
1l
12
13
14
15
1k
17
18
)9
2n
2l

'JOHN DEERE b404
ENGINE  TURGUE PUWER
SPEFL

RP M Ls=FT BHP

800 0.0 0.0

1500 0.0 0.0

1500 5.5 13,0

1500 92.8 2b.5

1500 13b.6 39,0

1804 183.8 65e.5

1500 227.6 65,0

1500 2?7%.,9 78,5

150y 320.4 91,5

150u 357.1 10e.0

310 0.0 0.0

2200 323.9 135,77

2enu 287.1 1iel.3

2200 24b.H 03,4

2210l 2U0b.b 8b.5

2200 1b2,8 b6B8.2

2200 124.3 52,1

2cnun 80.5 33.7

2240 2.0 17,86

2eno n.u 0.0

ANU Jal V.0

HC Cu+ NU++

PPM PPM PPM

1256 499 Y2

3200 1320 8

2Y00 1072 41

1488 b40 1b2

1312 451 253

1296 459 34?

1280 494 445

1072 673 550

?36 1348 bS4
593¢e 2245 6?1l
528 590 112
bSb 488 1061
b40 Y14 ?96
656 239 597
688 138 490
b4 0 152 337
5Qe l66 2?1
?204% 258 188
?68 351 145
q99¢e S%3 59

1008 453 S5l

CYCLE COMPOSITE BSHC =
B8SCO+ =
BSNQO2++=

DATE OF TEST'3=3=-72 TEST NO.L
SERIAL NQO,'TRO3=3111nNn¢e
crecccegemer e —_——- .
FUEL ALK EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN  LB/MIN LHB/MIN RATIO
.05 6,30 b.35 .008
.13 10,74 10.87 .012
.18 11,19 11,37 .016
25 11.96 le,.21 .021
.31 12,45 12.76 .025
.38 13.07 13,45 .0e9
44 13,22 13,66 «033
.49 14,03 ls.52 «035
«bl l4%.65 15.26 .0%2
.bb 14,45 15,11 «0%b
.05 be30 b.35 .007?
.83 24.21 25.1% .0D39
.86 23,58 24 .45 .036
A 22.51 23.25 .033
.bb 2l.8% 22 .50 .0D3N
«55 19,79 20,34 .028
< 4b 19,02 19,48 024
.38 18.00 18,38 <021
.30 17.21 17,51 L7
.20 15.819 lb.08 .013
.04 5.98 b.02 .007?
WEIGHTED BSHC B3CU+ BINUR++
BHP G/HP HR G/HP HR G/HP HR
0.00 K R R
0.00 R R R
57 2?.70 24,65 1.57
1.17 9,05 ?7.7b 3.23
1,72 S.bb 3,88 3.57
2,31 4,38 3,10 J.B%
2,.8b 3.58 2.73 $.04
3.45 2.be 3.28 Y40
4,03 l.62 5.91 $.71
4,49 l.1lb 8.75 .30
0,00 R R R
5.97 1.60 2.38 B.50
5.29 1.72 2.2¢ 6.99
4.55 1.95 l.%1 5.80
3.81 2.36 . 9% 5.50
3.00 2.52 l.19 %435
2.29 2,92 l1.63 .39
l.4%8 5.086 3.b9 t.bb
«?? 1p.08 9.19 b,24
0g.00 R R R
0.00 R R R
3.939 GRAM/BHP HR
Y.b2b GRAM/BHP HR
S.449 GRAM/BHP HR
9.387 GRAM/BHP HR

BSHC + BSNUcC++=

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS

WATER PER LB,

DRY AIR

D-

21



PROJECT11=28b8=01
'JOHN DEERE b4YUY4

ENGINE

MUDE

CYCLE COMPOSITE

ENG [NE
SPEED
RP 4

22
22Ny
22uu
f200

g0

?3b
704
b40
b4 0
b5k
8le
784%

s o e o e e

TORWUE  PUWER

LB=FT BHP
Dol NeD
0.0 n.o
45,5 13,0
41.0 26.0

l3b.b 38.0

2?3.1 7%.0
318.b 91,0
3be.4 103.5

d.0 n.o

@D R oh D O R P D S D D D O (R e R S D e Y e P D T D D D P D D n D D S R W

82.3
bbebs 27.9
0.0 0.0
UJoll 0.0
Cu+ NU++
PPM PPM
A0b 90
56 3b
?83 71
Y81 161
307 256
304 354
3Ibb 4$Sb
489 Sh4
109% 6?7
e¢nle 824
359 1089
476 122$
3es 17
le2 b5e
100 S04
89 429
140 306
454 219
+82 161
570 80
453 b2
BSHC =
BSCO+ =
BSNOUg++=

BSHC + BSNOR++=

+ LCONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO 725 GRAINS
WATER PER LB,

DRY AIR

[)-

DATE OF TEST'3=b=72

SERIAL NO.'TRN3=311102

FUEL AIR
FLOW FLOW
LB/MIN LBR/MIN
DY bel?
ol 11.05
.17 ll.1%
.23 l1.23
.30 12.17?
.37 12.50
L 12.9?
.51 13,57
.60 1%.50
.68 15,37
L 5.83
. QY% 2%,.10
.85 22.82
.75 2l.92
b5 ?70.99
.58 20.51
47 18.93
.37 17.50
. 3% 17.27
.21 lb.2b
.04 S5.bb

WEIGHTED BS8HC
BHP G/HP HR
0.00 R
0.00 R

.57 le.72
l,1% b.80
l.72 Y.59
2.31 3.52
2.8b 3.us
.43 2.78
4,00 2.49
%.5S 1,97
0.00 R
5,9% 1,96
5.32 2.1l
4.58 2.2s
3,81 2.43
3.07 .81
2.2b 3.19
l.52 4+.38
1,23 S.47
0,00 R
0.00 R
J.bse GRAM/BHP
3.820 GRAM/BHP
5.972 GRAM/BHP
Q.b2% GRAM/BHP

22

EXHAUST
FLOW
LB/MIN

b.21
11,17
11.31
11,46
12,47
l2.87
13,.4%1
14,08
15,10
16,05

5.8?
25,04
23,67
22,.b?
2l.b4
21,09
19.4%0
1?2.87
17.61
b, 47

5.70

BSCu+

G/HP HR

e T L P Y I L L L R L PR Y P T P Y T Y

R

R
1?2.9¢2
S.58
2.58
l.9%6
1,98
2.32
4.78
B.20

2.32
l.67
.93
«bb
«?1
1.39
ba1l9
B.01

TEST NO,2

- P W w2 TS s R SR s G D WS D AR R WD N e S OD R Y

FUEL
AIR
RATIO
.007?
<011
.015
.021
.025
.0219
«03%
.037
«0%1
« 044
.0Q?
.an
.037
.034%
<031
.028
.02s
.021
.020
.013
.007?

BSNDE++
G/HP HR

R

R
2.b6
3.06
3,5%
3,75
$.0?
4,40
4,86
5,52

R
9,82
2.75
bol3
5,44
5,b1
5.00
4,90
+, 40

R

R



ENG LN

[o = 2RV B« RV AR N VRN A P

Fel

14
11
le
14
14
15
1k
1?
13
13
20
cl

MUDE

1

[
3
[y

L X0~ o ouU

)0
11
e
13
14
15
16
L?
18
19
2y
a1

PROJFCT'll=PHb9=N1
E '"JOHN DEERE b40Y4
FNGINE TOURUQWUE PUWER
SPEED
RP LB8=FT HRHP
80U 0.0 0.0
1500 0.0 0.0
1500 +3.,8 12.5
1500 9} .0 @2b,0
1500 138.3 39,5
1500 185.6 63.0
1500 229.3 k5,5
1500 2?1l.% 77,5
1500 318.0 91,0
1530 358.9 102.5
80U 0.0 0,0
22nn 3R2.1 13%.9
eeny 288,49 121.0
2200 24b.8 103,4
2204 208.3 87,3
2200 le4.6 68,9
220U 124.3 52.1
2200 82.3 3+.,5
2210 42.0 17?.6
22100 0.0 a.n
801 0.0 0,0
HC Cu+ NU++
PPM PPM PPM
7?68 495 b
1408 113b 9
1136 989 36
960 blY 137
928 438 ceY
476 394 Jie
lgve 494 415
1152 582 Sle
1200 1240 635
1056 22es 8lb
qie 399 8y
896 553 11119
880 452 848
848 340 b3
Blb 2bs 507
252 267 3?27
088 294 293
204 375 208
752 484 148
880 beyw 73
784 521 b4
CYCLE COMPODSITE BSHC =
BSCO+ =
BSNQ2++=

BSHC + BSNO2++=

+ CUNVERTED TO WET BASIS

++ LONVERTED TO WET BASIS AND CORRECTED TO 7?5 GRAINS
NATER PER LB,

DRY AIR
D..

DATE OF TEST'3=be?2 TEST NO,.3
SERIAL NUL'TRO3-311102
FUEL ALR EXHAUST FUEL
FLOW FLOW FLOW AIR
L8/MIN  LB/MIN LB/MIN RATIO
.04 5.99 bo03 .007?
.13 10.66 lo.7?79 .ule
«17 1n.7b 1n,93 .015
.23 11.4%? 11.70 .020
«30 le.23 12.53 024
.39 l3.10 13.49 «030
A 13.8e5 13,619 .033
.51 l13.62 l4.13 .037?
b0 14,40 15,00 .042
.69 l+.68 15.37 047
0% 5.99 bo03 .007?
-4 2t.2h 25,20 .031%
.85 3.2l 24,06 .037
o 7% 22.11 22 .85 IEL
.bb 2l.42 22,08 .N31
.55 19,57 ef.le .0¢c8
-49 18.658 14,07 .02hb
.37 17,70 18,07 .021
.30 16.95 17.25 .018
.20 15.60 15.80 .013
«U% 5.82 5.86 LOu?
WEIGHTED BSHC BSCu+ BSNU2++
BHP G/HP HR G/HP HR G/HP HR
0.,uU0 R R R
0.00 R R R
.55 13.11 22.?5 1.372
l.1% 5.70 7.27 c.b?
l.74% 3.88 3.b5 3.0b6
2.33 3.e8 dabY 3,43
2,88 2.96 2.?1 3.75
3.%1 2.7?? 2.84% .03
4,00 2.bl 5.38 4,52
4.51 2.09 8,78 5.29
0.00 R R R
5.94 d.21 2.71 9.03
5.3¢2 2.31 2,37 7.29
+,55 2.4? 1.9? b.05
3.84% 2.73 1,77 5.5%
3.03 2.90 2.05 4,75
c.24% 3,33 .83 $.63
1.5¢2 4,87 5.18 .65
.27 9.73 l2a.+8 b.25
g.00 K R R
0.00 R R R
3.b4S GRAM/BHP HR
$.747 GRAM/BHP HR
5.5495% GRAM/BHP HR
q.24%1 GRAM/BHP HR

23



PROJECT'11=2869=01

DATE OF TEST'3=6=72

SERIAL NO.'TRO3=31110¢2

FUEL
FLOwW
LB/MIN

AlR
FLOW
LB/MIN

EXHAUST
FLOW
LB/MIN

TEST NO.4%

FUEL
AIR
RATIO

.04
.la
W17
.eq
.30
.37
L4b
.52
.61
.bb
.04
.94
L84
.76
.67
.56
.46
.37
.29
.21
LU

5.498
10.7%
ll.02
11.72
11.97
l2.4%6
13.67
13.89
14,79
14,31

bel5
e¥ .43
23.18
2e.08
2l.br?
19.70
18.55
l17.62
16,93
lb.20

b.15

b.02
10,86
11,19
11,96
l2.27
le.83
14.13
1.4l
18,40
14.97

b.19
25.37
24,02
22,84
2e.29
20,26k
19.01
17.99
172.22
lbotl

hel9

.007?
+011
.N18
.020
«025
.030
«03%
.037
«0%1
046
.00?
.038
036
«03%
.031
.024
.0e5
«021
.17
013
.00k

ENGINE *JOHN DEERE b4%0Y4
MUDE FNGINE TURWUE POWER
SPEED
RPM LB=FT BHP
1 B0O 0.0 0.0
2 1500 0.0 0.0
3 1500 43.8 12.5
4 1500 91.0 ¢@2b.0
5 1500 136b.6b 3q.0
b 1500 183.8 52.5
? 1500 2eYN.3 65.5
8 1500 2?3.1 ?8.0
9 1500 3lB.h 91.0
10 1500 358.9 1ne.s
14 800 0.0 0.0
le ceon 325.b6 13b.4
13 eena 2B, 4% 119,85
14 2200 248.6 1N%,1
15 eauo 20b.b B8b.5
16 2200 lb%.b 8,9
17 22on 122.5 Si.3
18 220 8¢2.3 3%.5
19 2200 2.0 1?.6
20 eean 0.0 0,0
21l ¥No 0.0 0.0
MUDt HC Co+ NO++
PPM PPM PPM
1 ?68 538 86
2 1392 1180 28
3 115¢ 1003 bsS
Y 9?6 695 151
5 896 ¥ap 249
b Q44 497 351
? Loo8 520 448
8 1040 59¢e 559
q 1056k 1281 689
10 1008 2371 BbS
11 944 481 Bb
le 1024 b0Y 1228
13 Q44 465 913
14 928 339 ?00
15 B8O 265 53¢
lb ’8% esy 408
1? ?20 29s 291
18 7?36 379 210
14 ?5¢ 47?21 152
20 B8b% bl@ b6S
2l ?768 510 57
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2++=

+ CONVERTED TU WET BASIS

++ LONVERTED TO WET BASIS AND CORRECTED T0 ?5 GRAINS

WATER PER LB

. DRY AIR

[)-

WEIGHTED
BHP

0.00
0,00
Y
1.1%
1.72
2.31
2.88
3.43
%.00
4,51
0.00
6.00
5.26
+.58
3.81
3,03
2,26
1.52
.77
0.00
0.00
3.719
4.986
6.073
9.792

2.4

BSHL
G/HP HR

K
R
13.61
5.492
3.7
3,05
2.87
2.5%
2.3b
1.49%
R
2.51
2.50
2.69
2.99
3,04
3.52
5.07
9,71
R
R
GRAM/BHP
GRAM/BHP
GRAM/BHP
GRAM/HBHP

B8SCU+
G/HP HR

K
R
23.62
B.%0
%.0b
3.20
2,45
.88
S.70
S.11
R
2.95
2.4b
1.96
1,80
1.9
.87
S.15
l1é.13
R
R
HR
HR
HR
HR

BSNU2++

G/HP HR

K

R
2.50
2,49
3.39
3.71
.17
Y.4b
5.0%
S.4%b

R
9,87
7.92
b.b3
5,9¢
S.18
4.b5
Y.7?75
b,%1

R

R



PROJECT!

11=2359=001

CGDWD DDA ODD BT DD WD LD W P

ENGINE' MERCTOZS OMbIb
MODE ENGINE TORQUE PNOWE"
SPEED
RPM 1.3=F7 BHF
1 680 0.0 0,0
2 1400 0.0 0.0
3 1400 7.6 2. n
L] 1400 16.1 4.0
S 1400 22.7 6.1
b 1400 30.¢ 8.0
? 1%00 3?.8 10,1
8 1400 $5.3 12,1
9 1400 S2.9 1%,.1
10 1%00 60.% 16,1
11 ?00 0.0 0.0
12 2400 bl.? e8,2
13 2400 53,6 2%,%
14 2400 Y¥6,3 21,2
158 2400 37,9 17.3
16 e¥0o 30,9 14,1
17 2400 19.8 9.1
18 2400 15.5 7.1
19 2400 7.1 3.2
20 2400 0.0 6.0
el 200 0.0 0.0
MODE HC CO+ NO++
PPM PPM PPM
1 138 418 el3
e 138 337 b4
3 147 2ee 169
4 168 216 1949
5 189 2bb ehe
b 209 274 283
? 196 285 281
g8 176 291 295
9 140 303 2ae
10 241 1431 233
11 118 EL 19a
12 184 24%¢e8 292
13 eoe Y4h 333
14 256 403 340
15 328 Y18 304
16 196 454 el3
1? 206 291 151
18 230 317 119
19 cc4 318 78
e 161l va4 50
21 81 307 1ye
CYCLE COMPUSLTE BSHC =
B&CO+
BEMOR 4+
gLkl + BSHOZ++=
+ COMVERTEL 10 WET EASIS
++ COMVERTEL 10 WEY EBALSIS
WATER PEF LB, DRY AIR

O

1)

DATE OF
SERIAL ™

FUEL
FLOW
LB/MIN
.02
.03
.05
.08
.07
<07
.09
o1l
.12
14
.02
.2b
.20
.lq
.10
.15
.11
.10
.09
.07
.0¢

B R R el - L T

WEIGHTED
BHP

n.00
0,00
.09
.18
.2?
.35
A
«53
.b2
.71
0.00
l,2%
1.08
.93

.« ?b
obe
.40
.31
.lw
0,00
0.00
lenl9
%,358
Job4%e
Yabbl

CORFICTED TO

TEST!' 1 =)%=73 TEST NO,1
Q' B3IL,3%1=0149625
AIR EXHAUST  FUEL
FLOW FLOW AIR
LB/MIM  LB/MIN RATIO
1.55 1,57 .014%
2.92 2.95 .011
.93 2.99 .018
.91 2,96 .019
2.0 .97 024
2.85 2.9%¢2 026
.87 2.9b .032
2.8% 2., 9% .038
2.79 2.90 042
2.71 2,85 .05¢2
1.48 1.51 .012
.69 4,958 +0SS
4,68 4,89 2044
4,68 4,87 ROLS
.68 4,84 .035
4,78 4,93 2031
4,78 4,90 024
.88 4,99 022
$.79 4,87 .018
$.99 S.06 +O1%
l.5¢2 1.5% 012
B3HC B3SCO+ BSNO2++
G/HP HQ G/HP HR G/HP HR
& R R
R [ R
2,85 8,58 10.7?S
1.54% $.19 b.33
l1.22 PR A3 S.5%
1,00 2.be LI A
rd .20 3,56
.57 1.8? 3.11
.38 1,64 2. b0
- b,67?7 1,79
R R R
43 ll.21 2.2l
.53 c.34% 2,88
. 78 2. 44 3.38
1.2} 3,07 3.67
.90 $.17 3,21
1,47 4,13 3.53
2.1l 5,87 3,61
$.45 12,47 5.08
R R R
R R R
GRAM/BIIP HR
GRAM. DI MR
GRAM/ B HR
GRAM/BIIP HFP
V4 GRAINS



DATE OF TEST'
SERIAL NO.°®

TEST NO0,2

FUEL
FLOW
LB/MIN

FUEL
AIR
RATIO

.02
0%
.05
.08
.07
.08
loq
.11
.13
.l»
.02
.25
.28
.19
«17
.1w
12
11
.09
.07
.02

015
.013
.018
.020
.025
.029
«03%
.038
«045
.052
.015
. 054
«0%7?
0%l
« 035
.030
.025s
.0P3
.018
.014
.016

WEIGHTED

BHP

BSNO2++

G/HP HR

PROJECT' 11=2868=001
ENGINE' MERCEDES OMb3b
MODE ENGINE TORGUE POWER
SPEED
RPM LB=FT BHP
1 200 0.0 6,0
2 1400 0.0 0.0
3 l4a00 7.6 2.0
L) 1400 15.1 4.0
5 1400 22.? bol
b 1400 30.2 8.0
? 1400 37.8 10,1
8 1400 45,3 12.1
9 1400 S2.9 14,1
10 1%00 YU 16,1
11 700 0.0 0.0
12 2400 bl.,? 28,2
13 2400 53,6 24,8
14 2400 .3 21.2
15 2400 3?.% 17,3
le 2400 30.9 14,1
17? 2400 19.8 9,1
18 2%00 15.% 7.0
1 2400 7.1 3.2
20 2400 0.0 0.0
el ?00 0.0 0.0
MODE HC CO+ NO++
PPM PPM PPM
1 23l 606 154
2 l1b4 401 bY
3 149 es8l 137
4 147 ebY 15%
S 169 2?0 2le
b 1?26 e?l 2%1
? 1?9 296 2b8
8 172 318 ebo
9 le0 $21 24S
10 254% 148S ecY
11 162 423 2e9
12 130 1?01 eb?
13 166 45S 303
14 198 Y01 304
1§ 298 468 eb?
16 316 397 230
1? 376 3bb 143
1R 399 380 106
19 352 37e ?0
20 e7e 476 30
2l 14%0 353 138
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

+

BSHC + BSNOR2++=

CONVERTED TO WET BASIS
++ CONVERTED TO WET RASIS AND CORRECTED TO 25 GRAINS

WATER PER LB. DRY AIR

0.00
0,00
.09
.18
.27
.35
Sty
.53
Wh?
.21
0.00
1,24
1,08
.93
.76
.62
.40
.31
o1
0.00
0.00
1.221
5.297
3.286
4,506

D-26

1-0%=73
b3Ib.,A¥1=019625
AIR EXHAUST
FLOW FLOW
LB/MIN LB/MIN
1.54% 1,56
2.91 2.95
2.92 2.98
.88 2.9%
2.85 .92
2.85 2.93
2.80 2,90
2.80 2.91
2.88 2,01
2.76 2.90
1.51 1.53
4,68 4,93
$.66 4,88
4,75 4,95
4,75 4,92
.76 4%.90
4,86 4.98
4,84k 4.9?
v,.87 4,96
$.87 4,94
l.48 1.50
BSHC B8SCO0+
G/HP HR G/HP HR
R R
R R
2.88% 10.86
1,42 5,07
1,08 J.43
-1 2.59
.bb e.24%
55 .01
.45 2.36
.60 ?.03
R R
.30 ?7.8¢2
L .38
.01 2otb
1.12 3.50
1. 45 3.63
2.73 S.30
3,73 ?.08
7.11 1%,95
R R
R R
GRAM/BHP HR
GRAM/BHP HR
GRAM/BHP HR
GRAM/BHKP HR

R

R
8.b7
.87
4,51
3,80
3,33
2,70
2.26
1,74

R
2.02
2.bl
3,06
3,28
3,%6
3,39
3,25
b.61

R

R



PROJECT!
ENGINE!

MODE

e S R e R D e ST KD TR A TR D R R R e R A R e P O D G P W S R CD R T W e W e e D

DO ~dT N F WP

10
11
1e
13
14
158
1k
1?
18
19
2n
2l

MODE

R T L e R Y L Y Y P PR PR R R P L PR L R L R L g

el

11=2869=001
MERCEDES OMb3b
ENGINE TORQUE POWER
SPEED
RPM LB=FT BHP
?00 0.0 0.0
l%00 0.0 0.0
1400 7.6 2.0
1%00 15,1 4.0
1400 2e.? 6,1
1400 30,2 8,0
1400 3.8 10,1
1%00 $S.3 12,1
1400 S2,., 9 1%,.1
1400 b0.% 1lb,1
?00 0.0 0.0
2400 bl.? 28,2
e%00 S3,6 24,5
2400 6,3 21,2
2400 37,7 17,2
2400 30.9 14,1
2% 0o 19.8 9,1
2400 156.S 7.1
c4 00 7.1 3.2
2400 0.0 0.0
200 0.0 0.0
C Ch+ NO++
PPM PPM PPM
2?0 Y64 133
338 S67 4?7
eh? 2kt 126
eb8 2?3 1?71
237 220 205
240 28 3?7
236 23b 308
2le es8 293
20b 321 28?7
332 1581 245
152 294 209
136 2427 2?3
192 1027 294
210 Y722 310
ese2 406 29s
400 445 249
Y40 383 177
512 343 13¢5
S0y 395§ 8n
3ce 423 38
1?71 288 130
CYCLE CQOMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + B3NOD2++=

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO 25 GRAINS

D-27

WATER PER LB,

DRY AIR

DATE OF TEST' 1-05=73 TEST NO.3
SERIAL NO.!' 63b.9%1=019b25
FUEL AIR EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN LB/MIN LB/MIN RATIO
.02 1.54% 1.56 .013
.03 2.87 2.90 .010
« 05 2.87 2,92 .017
.0b 2.90 2.96 .021
.07 2.85 2.9¢2 .025
.08 2.82 2.90 .028
.09 2.78 2.87 .032
11 2.80 2.90 .038
.12 2.78 2.90 «045
olY 2.b8 2.82 .052
.02 1.53 1.58S .013
.25 $.54% 4,78 . 065
.23 4,66 4,89 .049
.20 4,70 4,89 .042
17 $.69 4,87 .037
.15 ¥.70 4.85 .033
.12 .70 .82 .026b
.11 4,84 4,95 .0273
.09 4.83 4.92 .0119
.07 +.88 %.95 «01%
.02 1.5n 1,51 .02
WEIGHTED BSHC BSCO+ BSND2++
BHP G/HP HR G/HP HR G/HP HR
0,00 R R R
0.00 R R R
.09 5,07 10,05 7.84
.18 2.b60 5.29 S.43
.27 1,51 2.79 4,27
«35 l.1l% 2.1b 5.8b
JHY .89 1.7? 3,75
.53 .bAq 1.63 3,04
.62 .56 1,74 2.55
.71 .77? ?.29 1.86
0,00 R R R
1,24 .31 10.8S 2,00
1,08 .51 S.%0 2,54
.93 .b4 2,87 3,09
«?b .94 3.02 3,60
.62 1,82 4,02 3,70
.40 3,09 5.36 4,07
.31 ‘.73 6,31 4,09
o1y lo,10 15.7% 5.23
0,00 R R R
0,00 R R R
1.5¢21 GRAM/BHP HR
5.937 GRAM/BHP HR
3,621 GRAM/BHP HR
S.04%¢ GRAM/BHP HR



TEST NO.%

FUEL
AIR
RATIO

- P W e SR R TS (G IO W TR O R D G W D 0 D O R D P R D A D P Y P D D R D e 4B W e W@

.012
.01l
,018
.021
.025
.028
035
.039
« Q45
.051
012
055
«0%q
«0Q4?
«037
.032
.027
.023
.020n
2014
SUBR

BSNO2++

G/HP HF

PROJECT' 11~2869=001
ENGINE' MERCEDES OMb3b
MODE ENGINE TORQUE POWER
SPEED
RPM LB=FT BHP
1 700 0.0 0.0
e 1400 0.0 0.0
3 1400 ?.b 2.0
Y 1400 15,1 $.0
S 1400 22,.? bl
b 1400 30,2 8.0
? 1400 32.8 10.1
8 1400 $5.3 12,1l
9 1400 2.9 1%,1
10 1400 b0.% 16,1
11 700 0.0 0.0
le 2400 bl.? 28,2
13 2400 S53.b 24,5
14 2400 6.3 21.2
15 2400 37,9 17,3
16 2400 30,9 14,1
1? 2400 19,8 9,1
18 2400 15.5 7.1
19 2400 7.1 3.2
20 2400 6.0 0.0
el ?00 0.0 0.0
MODE HC Co+ NO++
PPM PPM PPM
1 120 385 154%
2 133 279 60
3 162 265 128
4 183 267 1b4%
5 185 e48 ens
b en6 28% 248
? 19% e84 b3
8 lb% 2bl 287
3 200 4?70 ese
10 ebo 1486 244
11 131 339 181
12 112 2475 27?7
13 1?22 73S 307
14 198 413 32%
18 2R? u53 2498
16 380 496 e??
1? 488 373 186
18 11 379 136
1% 480 369 8b
20 358 $91 41
el 103 386 147
CYCLE COMPOSITE BSHC =
BSCO+ =
BRSNQOP++=

+

BSHC + BSND2++=

CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TGO ?5 GRAINS

WATER PER LB, DRY AIR

D-

DATE OF TEST' 1=-05=?3
SERIAL NO.' 836,94%1=-019b625
FUEL AIR EXHAUST
FLOW FLOW FLOW
LB/MIN LB/MIN LB/MIN
.08 1.52 1,54
.03 2.87 2.90
.0S 2.91 2.96
.06 2,.85 2.91
OU? aoal Poaa
.08 2.76 2.84%
.10 2.78 2.8?
.11 2.74% 2.85
.12 2.70 .83
«16 2.88 3,03
.02 1.49 1.50
.25 4.62 4,87
.22 %.59 4,81
.19 4,57 4,77
«1? “.57 ¥, 74
.15 4,57 4,72
.12 4,58 4,70
.11 4.68 4,749
.09 4,69 “,78
.06 4.69 4,75
.02 1.3¢9 1,41
WEIGHTED BSHC BSCO+

BHP G/HP HR G/HP HR
0.00 R R
0.00 R R
.09 3.1le 10,17
.18 1.74% 5.07
.27 1.16 3.10
.35 .96 2.54%
A o73 2.13
.53 .51 l.62
.62 .53 2,47
71 b5 7.36
0,00 R R
1,24 .26 11,25
1,08 <45 3,80
.93 .54 2.44
.7b 1.02 3.?8
.52 1.68 4,36
.40 3,.34% 5.09
.31 4,97 6.75
14 9,38 14,32
0.00 R R
0.00 R R
1,345 GRAM/BHP HR
5.802 GRAM/BHP HR
3,432 GRAM/BHP HR
4,777 GRAM/BHP HR

28

R

R
8,04
s.l2
.22
3,78
3,23
E-qB
2.18
1,98

R
2.07?
2.b1
3.16
3,81
.00
.17
3.99
5.48

R

R



T O . T & B = 0 = " = D EF D = W S T T ey P T e P D G Y R OE e e e

PROJECT' 11-2869=001
ENGINE' MERCEDES 0OMb3s
MODE ENGINE TORQUE POWER
SPEED
RPM LB=FT BHP
1 700 0.0 0.0
c 1400 0.0 0.0
3 1400 7.9 e,!}
4 1400 15.8 Ya2
) 1400 23,6 b,3
3 1400 31.5 8.4
? 1400 39,.4% 10,5
8 1400 $7.3 12.6
9 1400 55.1 14,7
10 1+00 63.0 1b.8
11 700 0.0 0.0
12 e400 b%.3 29,%
13 2400 56,5 25,8
14 2400 Y8.3 22,1
15 2400 40.% 18,5
16 e%00 32,2 14,7
17? 2400 €4%,3 11,1
18 2400 1b.1 2.4
19 2400 8.0 3.7
20 2400 0.0 0.0
2l ?00 0.0 0.0
MODE HC CO+ NO++
PPM PPM PPM
1 280 $77? 160
2 enk 34? 38
3 1727 c3b 91
) 165 173 b2
5 188 132 199
b 174 18 236
? 168 180 2bl
8 140 186 e5s
g 140 19h 250
10 20n 274 ele
11 108 336 143
12 120 1752 268
13 140 586 28S
1% 200 352 305
15 260 380 ebl
16 432 384 183
17? 376 ¢89 168
18 son 294 104
19 463 387 63
en ek4e 448 3¢
el 1458 349 106
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNQO2++=

+ CONVERTED TO WET BASIS
+4+ CONVERTED TO WET BASIS AND CORRECTED TO 2?5 GRAINS

HATER PER LB.

DRY AIR
D_

DATE OF TEST! 1=-08=73  TEST NO.S
SERIAL NO.' b3Ib6.9%1-019625
FUEL AIR EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN LB/MIN LB/MIN RATIO
.02 1.58 1.60 .013
.04 3.00 3.04% .0l%
.0S 2.92 2.97 .018
.08 2.90 2.97 L021
.07 2.89 2.96 .025
.09 2.88 2.97 .031
.04 2.92 3,01 .033
.11 2.83 2.94% .039
.13 2.9 3. 04 L 045
14 2.77 2.91 .051
.02 1,51 1.53 L0113
.26 4,85 4,91 . 055
.23 4,61 4, B4 L0449
.19 Y. 71 %.S0 .0%g
.16 4,27 ¢.93 .034
.15 4,77 4,92 ,032
.12 4,82 4,95 .026
.10 4,93 5,03 .021
.09 4,93 5,02 .018
.0? “.94 5,01 L015
.02 1.50 1.52 .01l
WEIGHTED BSHC BSCO+  BSND2++
BHP G/HP HR G/HP HR G/HP HR
0.00 R R R
0.00 R R R
.04 3,31 8,78 5,58
.18 1,54 3,22 4,94
.28 1,17 2,37 4,04
.37 .81 1.58 3,861
_46 .64 1.36 3,24
.55 .43 1.1% 2.57
.S .38 1,06 2,23
T L6 3,53 1,59
0,00 R R R
1.29 .26 7.b19 1.93
1.1% .35 2.89 2,31
.97 .59 2.05 2,92
,B1 .92 2.67 3,01
.65 1,91 3,38 2.79
.49 2.21 3,39 3,19
.32 4,50 5,27 3,07
.16 8,39 12,87 3,74
0,00 R R R
0.00 R R R
1.235  GRAM/BHP HR
4,2B1 GRAM/BHP HR
2.9b6% GRAM/BHP HR
4.199 GRAM/BHP HR

29



PROJECT' 11=2864=001
ENGINE'Y MERCEDES
MODE ENGINE TORGUE POWEK
SPEED
RPM LB=FT BHP
1 200 0.0 n.0
2 1400 0.0 0.0
3 1400 7.9 2.1
4 %00 15.8 Yo.2
5 1400 23.6b 6.3
b 1400 31.5 B, 4%
? 1400 39.% 10,5
8 1400 7.3 12.6
9 140N 55,1 14,7
10 1%00 3.0 16.8
11 200 0.0 0.0
le e bY%.3 9.4
13 24 N0 Sb.5 5.8
14 2400 $8.3 @e22.1
15 2% 0u Y0.4% 18.5
1b 2% oo 3e.e  14.7?
17? 2400 2%.,3 11,1
13 2%an 16,1 .4
19 ewan 8.3 3.8
el eHnu 0.0 D.N
2l 00 Ua0 0.0
MUODE HC CO+ NO++
PPM PPM PPM
1 103 412 116
2 109 310 58
3 133 294 98
4 132 ebY 134
5 i%0 242 195
b 151 eb0 239
? 132 c48 2?9
8 120 eBo 291
9 118 2bb 2bR
10 144 827 Q44
11 104 4es 181
le 96 1557 296
13 142 S86 317
14 180 381 331
i5 eho 383 296
16 300 332 239
1? Y04 317 189
18 53b 279 12l
19 532 32l ?7?
en 300 37e 40
21 130 cee 109
CYCLE CUMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2+e¢=

+ CONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS
WATER PER LB,

DRY AIR

[)-

30

DATE OF TEST! 1=09=73 TEST NO.b
SERIAL NO,' b3h.9%1=019625
FUEL ALR EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN LB/MIN LB/HMIN RATID
.02 1.5k 1.58 .013
.04 2.93 2.97 .013
.05% 2.92 2.98 .018
.0b 2.92 2.99 .022
.07 2.89 2.9b .02s
.09 2.8? 2.96 .031
.10 2.87 2.97 .034%
11 2.82 2.93 0%}
.13 2.81 2.93 .NYs
S1Y 2.73 2.88 L0453
.Ne 1.52 1.5% L0013
.28 4.59 4. 8% .05%
.00 4,57 4,79 049
.19 4.67 4,86 041
W17 4,67 4,84 N3k
15 Y.07? 4,82 L031
.1e 4,78 %,9) .02k
11 4.78 4,89 .nee
.n9 4.74 4,88 .n1q
.07 4,89 4,96 L0118
.02 1.45 1,47 LN1Y
WEIGHTED BSHC BSCO+ BSNO2++
BHP G/HP HR G/HP HR G/HP HR
0.00 R R R
0.00 R R R
.08 2.4%9 10,96 k.02
.18 1.2% ¥.9% 4,11
.28 .87 3.00 3.95
.37 .70 241 3. b4
J4b .49 1.8% 3,40
.55 .37 1.71 2,92
.b5 .30 1.39 2.31
oY .33 3,73 1.80
0.00 R & R
1.29 .21 bo?4 2.10
1.1% .35 2.86 2.5%
-92 .52 2.03 3.18
.81 -90 2.64% 3,35
.bS 1,30 2.86 3,38
. %9 2.36 3,68 3,61
.32 4.69 4,86 3,46
.17 9,06 10.91 4.29
0.00 R R R
0.00 R R R
1.119 GRAM/BHP HR
4,180 GRAM/BHP HR
3.198 GRAM/BHP HR
%.,317 GRAM/BHP HR



PROJECT!
ENGINE?

MOQE

N U W

q
10
11
le
13
1%
15
16
17?
18
19
e0
el

MODE

11=-2869=001
MERCFDES OMb3b
ENGINE TORQUE POWER
SPEED
RFM LB=FT BHP
700 0.0 0.0
1400 0.0 0.0
1400 7.9 2.1
1400 15.8 4.2
1400 23.6 0,3
1400 31,5 8.4
1400 39,4 10,5
l400 $?2.,3 12,6
1400 55.1 1%,?
1400 63.0 16,8
700 0.0 0.0
2400 6%,3 29,4
2400 S6.5 25,8
2400 +8,3 22,1
2400 40.4% 18,5
2400 32.2 14,7
2400 2%.3 11,1
2400 16,1 7.4
2400 8.3 3,8
2400 0.0 0.0
700 0.0 0.0
HC Cn+ NO++
PPM PPM PPM
?1 360 145
118 373 59
128 297 117
135 2bS 172
146 2b%S 206
180 274 249
132 260 2491
132 281 302
136 300 26l
202 931 230
102 359 149
84 1842 287
110 53b 288
180 426 317
232 17 3le
294 397 27
3722 363 194
Y40 220 122
408 369 ]
304 4b2 3k
144 309 103
CYCLE COMPOSITE BSHC =
BSCO+ =
BSNO2++=

BSHC + BSNO2++=

+ CONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO 25 GRAINS
WATER PER LB.

DRY AIR
D-

DATE OF TEST' 1=-09=73 TEST NO.?
SERIAL NO.' 53b=9%1=01962S
FUEL AIR EXHAUST FUEL
FLOW FLOW FLOW AIR
LB/MIN LB/MIN LB/MIN RATIO
.02 1,49 1,51 +013
0% 2.88 2,91 .013
.05 .88 2.93 .0118
.06 2.83 .89 .022
.07 2,81 c.88 .0k
N9 2.83 2,92 +031
+10 2.78 2.88 . 035
«1ll c.?8 2.88 .039
«13 Co?7? 2.90 047
ol4 .77 .91 .05¢2
.02 l.48 1.50 .016%
.25 Y.60 4,85 +054%
.23 .57 ¢ .80 .051
.19 Y.6b 4.85 .0%0
.18 $.66 “,.82 .035%
<15 $,7h 4,91 031
.13 “,76 4,89 .027?
.11 $.,77 4,87 022
.09 4,88 4,97 .018
.07 4,89 4,96 014
.0c 1.45 1.47 LO0lY
WEIGHTED BSHC BSCO+ BSNOP++
BRP G/HP HR G/HP HR G/HP HR
0,00 R R R
0,00 R R R
.09 2.36 10.90 ?.058
.18 1,23 4,79 5,13
.28 .88 3,14 4,08
.37 .b9 2.5Nn 3,74
46 48 1.87 EPL 3
.55 .40 1,69 2,99
+ b5 .35 1.Sbk 2.22
A .46 $,24% 1,72
0,00 R R R
1,29 .18 ?2.99 c.0%
1.1% .27 2.b2 2.32
.97 .52 2.4b 3.01
.81 . B0 2.886 3.5¢2
. b5 1,30 3,48 3,85
L49 2.lb 4,20 3.68
.32 3,.84% 3,82 I N7
«17? ?.09 12.77 3,92
0.00 R R R
0.00 R R R
1.033 GRAM/BHP HR
$.579 GRAM/BHP HR
3,234 GRAM/BHP HR
4,267 GRAM/BHP HR
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PROJECT' 1ll=PRh9=01 DATE OF TEST' 10=-11=72 TEST Nn,l
ENGINE' PERKINS 4,230 SERIAL NO.'23HUELA43
MODE FENGINE TORGUE POWEKR FUEL Alr EXHAUST FUEL
SPEED Fl.Ow FLOW FLOW AIR
RP M LB=FT BHP LB/MIN LB/MIN LB/MIN RATIO
- .- - - S > D - S P e W SR S e s DGR R P T D R WD P R SR RSP D G N GRS D D D D D e e v e
1 4N 2.b .3 .Nnl 2.b1 2.be 004
2 1450 2.b .? .0b ba4l bo4? .0089
3 50 °4.9 k.9 .07 b4l b.48 .01}
) 14580 $7.3 13,0 .10 b.37? b 47 «016b
[ 1451 20,9 19,6 .11 h,?8 k.39 .018
b 14850 93,2 25,7 .1b be?21 b,37 .02%
? 1450 119.5 33,0 .20 6.19 b,39 .033
8 1450 143,1 39,8 .23 b,0b t.29 .03R
q 1450 14,1 45,3 .29 heO1l 6,30 +O04B
10 1450 182.5 &0,4% .34 5.95 .29 .NG5A
11 B 2.b .3 .01l 2.5k ?.57 .003
12 24nu 165,4% 75,6 .50 9,67 16,17 .052
13 2400 145,7 kb, h .43 Q,59 1n.ne LO%4
14 2400 12%.,?2 §8272,.n .35 9,59 q,9% .037
15 24no 10P2.4% 46,8 .29 9,62 q,91 .031
1k 24nn g2,?7 37.8 .2b 9.68 3,91 .Ne?
17 2400 hlL.? 28,2 21 .h7? 4,RB .0ee
1R cH Ny 4N.? 18.n e17? 9,65 9,R2 .018
19 a4nn 21l.n 9,k .13 9,67 a9, R] N
20 2401 2.h 1,2 .09 Q.67 ].76 .0N8
el YN 1.3 .2 .01 2.43 2,44 003
M{NE HC CO+ NO++ WEIGHTED BSHC BSCO+ BSNO2++
PPM PPM PPM BHP G/HP HR G/HF HR G/HP HR
1 280 187 97 .02 3p,28 40,36 34,26
2 238 248 106 .03 28,03 58,28 40.8b
3 194 27?3 187 .3N 2.4%1 b, ?5 ?7.60
4 176 321 346 .57 1.15 4.18 7.40
5 162 25h 59) .85 .bb 2.20 8,35
A 140 182 847 1,13 o 4b 1,25 9.05
? 138 153 1248 1,45 .35 .78 10,42
8 132 1758 1550 1,74 .28 .73 10,66
4 112 bbl 19119 1,99 .21 2.4%2 11,52
1o 78 ¥621 1827 2.2? .13 15,18 10,13
11 252 227 138 .02 26,70 47,81 47,82
12 3R 3431 1966 3,33 .07 12,14 11,43
13 A6 264 1911 2,93 <17 2.98 le,4e
14 78 223 1611l 2.51 .18 1,02 12,14
15 108 214 1073 2.0b .30 1,19 9.82
15 132 2b4 803 l.6b Ltb 1.82 q,09
17 146 329 551 1,2% .b8 3,03 8,34
(] 180 357 355 .82 1.5 4,96 8,10
19 238 w7 e2? 42 3,21 .32 10,01
~n 328 337 1%6 .05 35,22 ?72.20 51,40
21l 34 264 107 Y 65,18 1n5,.88 70,59
CyCLE COMPQSITE BSHC = «576 GRAM/BHP HR
: RSCO+ = 4,976 GRAM/HBHP HR
BSNO2++= 10.bh7?9 GRAM/BHP HR
BSHC + BSNO2++= 11,255 GRAM/BHP HR

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS
#ATER PER LLB. DRY AIR
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+ CONVERTED TO WET BASIS

++ CONVERTED TO WET BASIS AND CORRECTED TO ?5 GRAINS

DRY AIR
D-33

WATER PER LB,

ST NO.2

BSNQ2++

G/HP HR

PRUJECT' 11=28h3«y1l DATE OF TEST' 10~11=72 TE
ENGINE®" PERKINS 4,23k SERIAL NO.'23hUF194%3
MODE ENGINE  TOWQUE POWER FUEL AIR EXHAUST
SPEED FLOW FLOW FLOW
RPM LR=FT BHP LB/MIN  LR/MIN LRBR/MIN
1 b4 0 2.6 .3 .01 2.b0 2.b1
2 1480 2.b . ? .04 h,28 k.32
3 1450 e4.9 b.,9 .07 6,35 h,4e
“ 1450 ¥?2.3 13.0 .10 be?h t.8h
5 1450 0.9 19,86 .12 b.28 R.%0
b 1450 43,2 25,7 .16 k.18 6,31
? 1450 119.5 33,0 .18 h.13 b,31
3 14580 143,1 39,5 .23 ho0? t.30
q 1450 14,1 45,3 .28 b.0N1 b.29
10 14540 1R2,5 S0,.% .33 5.99 b,32
11 Y0 2.6 .3 .0l 2.71 2.7
12 24nn 15,4 75,6 .50 9,62 10,12
13 24nn 145,77 6k, b .40 9,52 9.49¢2
14 2400 12%.7 57,0 .3b 9,52 9,88
15 240U 10,4 4k_8 .30 9,49 9,79
16 2400 B2.? 37,8 .o Q9,52 Q.76
1? 2400 k1,7 @&8,7 .20 Q,52 9,72
18 2400 40,7 18,k .16 9,55 9,71
19 24no 21.0 9.6 .10 9.62 9,72
20 2+0n 2.b 1,2 .04 9,65 9.h8
21 b4 1.3 .2 Nl P43 o4
HODE HC Co+ NOo++ WEIGHTED BSHC BSCo+
PPM PPM PPM BHP G/HP HR G/HP HR
1 320 315 bs .02 34,50 b?.b0
2 250 288 85 .03 28,79 bb,0D%
3 206 31l 182 .30 £.53 ?.62
+ 192 EER} 338 .57 1.33 4,62
s 178 268 515 .8b .77 2.31
b lbb 191 B82S 1,13 .54 1.23
? 152 165 1208 1,45 .38 .83
B 13n 223 1663 1,74 .27 .93
4 134 1018 2004 1,99 .25 3.72
10 150 48149 1423 2.22 .25 15,90
11 264 277 15% .02 29,62 bl.91
1e 50 3357 1961 3,33 .09 11.82
13 78 be? leb? 2.93 .15 244
1+ 70 269 1664 2.51 .ib 1.23
15 100 249 1168 2.0k .28 1,37
16 128 26S 557 1,bb JhH 1.8n
17 132 329 549 1.2% .b0 2,99
18 170 358 3392 .82 1,17 4,91
19 22k 336 2e’3 42 3,02 8.96
20 292 302 144 .0S 31.13 b4,23
el 288 252 1058 .01 57.90 100.78
CYCLE COMPOSITE BSHC = .585 GRAM/BHP HR
BSCO+ = 6,125 GRAM/BHP HR
BSNOZ++= 10,417 GRAM/BHP HR
BSHC + BSNO2++= 1ll.002 GRAM/BHP HR



PROJECT' 11=28k9=01 DATE OF TEST' 10=3i3=-72 TEST N0,3

ENGINE' PFRKINS 4.23h SERIAL NO.' 23bUEL9Y43
MODE FNGINE TORQAUE POWER FUEL AIR EXHAUST FUEL
SPEED FLOW FLOW FLUOW AIR
RPM LB=FT BHP LR/MIN LB/MIN LR/MIN RATID
1 f40 2.h .3 Nne 2.h5 2.b7? .N0b
2 L4805 c.h .7 .15 ha47? b,52 .07
3 146N 24,9 .9 .N8 h 493 b,57 .Nl2
4 1450 46,0 l1le,? .10 b.5h b.hb .015
5 1450 73.5 23,3 .13 k.33 b,%b 021
b 145y 85.8 26,5 1R b.2h h.%2 .026h
? 145y 11R.2 32,k .20 CI-L b.44 .N33
R 14580 143.1 34,5 .24 ho21 b 45 L03R
9 1450 166,4 4§ 7 .°8 b.15 b.43 LNHR
10 1450 186,44 81,5 REL b,13 Fo4? 055
11 Y1) 2.b .3 .01 2.7b 2.?7? I
12 24nn 1bb,8 ?7h,2 .51 9,68 10,08 L0054
13 24nu 145,77 &b,k 4 9,87 lou,29 L0043
14 24nu 12b,0 57.b .3b 9,90 1n,26 L0137
15 24%nn 1ns5.n 48,0 .1l q,9n lr, 21 .13
16 2406 85.3 39,0 .Pb 9,K7 .13 .02b
17? 2400 k3.0 28,8 .R2 9.9 1n,18 .Nnee
13 24nn 43,3 19,8 W17 9,96 10,13 L017
19 2400 2l.0 3.6 .13 9,96 lo,n9 .013
20 e4%iu 3.9 1.8 .10 10.00 10,10 LU0
21 Ry e.h .3 .01 2.52 7.53 L 0NG
MODF HC COo+ NO++ WFIGHTED BSHC BSCO+ BSNO2++
PPM PPM PPM BHP G/HP HR G/HP HK G/HP HR
1 316 2b3 85 .ne I _ 7?6 5?2.57 30,57
2 228 2?5 85 .03 272,05 65,00 32.81
3 L 336 201 .30 2.B82 B, 42 8,78
4 eee 359 304 .5b 1.54% 4,95 b.88
5 eno 2b? S48 .89 .84 2.24% 7.54%
b ense 20% 837 l.16 .b7? 1,30 8.78
7 148 1?7 1228 Lo4Y .39 .92 10,48
R 148 210 1470 1,74 .32 .9n 10,36
9 18% S41 1789 2.01 =L 2.00 10,89
In 100 %768 1943 2.chb L7 15,75 10,58
11 27?2 289 12% .02 31,12 b5,91 46,35
te en inol 2014 3,35 .iN 10,45 11,53
13 132 bba 1887 2.93 .27 2.72 12.60
14 39 246 1631 2,53 .21 1,16 11,78
15 98 e¢3? 1168 2,11 .28 1.33 10.73
1h 142 2819 823 1,72 .49 1,97 9,23
17 1%6 379 S36 1.27 .b8 3,52 B.18
1R 184 408 3%b .87 1.24 5,50 7.b%
14 240 385§ eel 42 3,33 10.66b 10,03
20 308 337 142 .08 22,81 49,77 34,46
1l 0y neg 104 .02 31,77 b2,.83 35,53
CrtLE CQOMPODSITE BSHC +b45S GRAM/BHP HR

BSCO+ Yoty GRAM/BHP HR
BSNO2++= 10,.bk21 GRAM/BHP HR
BSHC + BSNO2++= 11.267 GRAM/BHP HR

+ CONVERTED 7O WET BASIS
++ CONVERTED TO WET BASIS ANvU CORRECTED TO 7?5 GRAINS
WATER PER LB. DRY AIR
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PROJECT' 1l1e@8bamy] DATE OF TEST' 1n-13=-72 TEST NO.4
ENGINE' PERKINS 4,73h SERIAL NO.' 23hUELYY3
MODE ENGINE  TURQUE FOWER FUEL ALK EXHAUST FUEL
SPFEU FLOW FLOW FLOW AIR
RPY LR=FT BHP LB/MIN LB/MIN  LR/HIN RATIO
1 h4n °.b .3 .01 2.bb 2.bh7? .006
2 1450 2.b W7 .04 b4k b.50 .006
3 L4sn 24.a b.9 .07 b.39 hetb 011
4 1450 $7.3 13,0 .09 6,39 h,o48 .04
5 1450 0.9 19,k .13 6.3) b4y .021
b 1450 94,5  2h,1 .16 b.24 ho40 .026
? 1450 119,55 33.0 .18 .17 &,35 .0219
8 1450 143,1 39,5 .23 b.17 b0 .0N38
q 1480 16,8 46,0 .25 b0k b,31 MILYY
10 1450 185,1 81,1 L34 b.01 k.35 .057?
11 b4 0 2.h .3 .01 2.62 2.h3 L004
1e 2400 le%.1 75,0 .51 Q.71 10,22 .Ns2
13 2400 145,.7 bk, h .43 9,52 a,48% L 045
14 2400 127.4 S8,2 .38 9,62 10,00 04D
15 2400 105,07 48,0 .31 9,56 9,87 L0372
1k 24N 85,3 39,0 .25 9,52 Q,77 027
17 2400 63,0 28,8 .22 3.bp g, RY .03
18 2400 42,0 19,2 .18 9, he q,HD L0O1R
19 24N 2?.3 10,2 .13 q,b? a,RrN L1
20 2400 2.k 1.2 .n9 9,65 9,74 .ona
21 b 2.b .3 .01 2.50 2.51 .ans
MONF HC CO+ NO++ WEIGHTED BSHC BSCU+ BSNO2++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 320 250 101 .0e 35,31 55,00 36,58
° 2hi 238 91 .03 30,78 Sh.11 35,44
3 1R8 260 197 .30 2,33 b.42 7.96
4 196 29b 3R3 .57 1.29 3.87 8.21
5 194 231 65?7 .46 .84 2.00 9,33
h 202 155 41 1.18 .bS 1.00 9,98
? 194 130 1306 1.45 .49 .bb 10.86
R 146 163 1657 1.74 .31 .69 11,61
9 182 569 1998 .03 .33 2.01 11.83
1n 156 4744 1929 2.25 .2b 15.51 10,36k
19 240 213 121 .u2 2b.0S 46,09 42.9%
12 32 2890 1972 3.30 .0p 10.35 11,61
13 124 bSY 2027 2,93 .24 2.57? 13.08
14 8k 245 1751 2.56 .20 1.11 13,00
15 130 237 1183 2.11 .35 1.28 10,51
1k 16k 276 81§ 1,72 .58 1.82 8,83
17 1b0 392 5465 1,27 .72 3,52 8.04%
1R 198 407 347 .BY 1.33 5,47 7.b4
19 240 373 EEL 45 3,04 q, 42 9,38
2n 318 338 139 .as 34,07 72.06b 48,68
el 320 2849 CF .02 33,18 59,67 31,11
CYCLE COMPOSITE BSHC = .b51 GRAM/BHP HR
BSCO+ = 4.70b GRAM/BHP HR
BSNQ2++= 11.059 GRAM/BHP HR
BSHC + BSNO2++= 11.710 GRAM/BHP HR

+

CONVERTED TO WET BASIS

++ LONVERTED TO WET BASIS AND CORRECTED 10 7?5 GRAINS

WATER PER LB,

DRY

AIR
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PROJECT' 1l=-P869=01 DATE OF TEST' 1u=18-72 TEST NO.S

ENGINE® FERKTINS 4,236 SERIAL NO,' ¢3hUEL943
MODE FNGINE TORwWUE PURWER FUEL AIR EXHAUST FUEL
QRPEFT FLOW FLOW FLOW AIR
RFI1 LR=FT BHP LA/MIN  LR/MIN L#a/MIN RATTO
1 hY 2.b .3 .02 2.54 ?.5b .007
e 1450 2.6 .? .05 heS1 .Sk .007?
3 l4gy 23.b 6.5 .NA b.58 kohb .01e
4 L4510 48.b 13,4 .11 b.40 k.51 .017
5 1480 694.6 19,2 .14 he.?5 b.HA9 .02l
6 1450 95,8 26,6 .18 bel2 bo40 .29
? 1460 llb.9 32,3 .22 b.22 bot4 .036
8 1456 1372.9 38,1 .25 S.kb 5,91 S04
q 1450 165.% 45,7 .30 S.h4 5,94 .0813
10 1454 181.2 Su0.0 el be23 b.57 . 055
11 b4y 3.9 .5 .01 2.57? 2.58 . 005
ie 240y leb.8 76,2 .51 9,58 ln.09 .053
13 2400 145,77 bbb, h 42 9.71 10,13 L0413
14 auH0n 126,0 57,6 .36 9.h? 10,23 .N3?
15 240N 105, 48,0 .31 9,80 1n.11 .N3e
16 24nn K5.3 39,0 .2b 9,83 1n,u9 .027
17 e4nn k3,0 28,8 .23 a9, H7? 10,10 .023
18 24nn Y2,n 19,2 .17 9,87 In.n4% .17
19 guoo 2l.0 9,6 .13 9,90 in,n3 L0LY
20 240N 3.9 1.8 .10 9.93 in,03 .0l0
2l b4 e.hb .3 .02 2.52 2.54% .Nu?
MO0k He CO+ NO++ WEIGHTED BSHL BSCO+ BSNO2++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 320 27?5 b8 .02 33,75 57.8b 23.3b
2 302 288 78 .03 36,05 bB.4b 30,41
3 2?h 336 17?2 .24 3,72 2,01 7.82
Y 272 ELE) IR .59 1.7% 4.40 ?.30
5 2bb 280 570 .85 l.¢2b 2.64% 8,83
h 2b0 16k 921 l.16 .53 1,08 9,63
? 254 152 1216 1,42 .b? .80 10,50
& 150 242 1680 1.67 .31 .99 11,27
u ele 1265 1936 2.01] .37 4,33 10.88
1in 148 5247 1930 2.20 .26 18,13 10,98
1 250 250 118 .03 17,76 35,44 27.49
12 h0 3276 1874 3.35 .10 11.¢%1 10.72
13 150 Sen 1829 2.93 .30 2.08 l12.02
14 9y 2ll 1494 2.53 .e° .97 1l1.24%
15 110 226 1178 2.11 .31 1,25 10,72
16 152 289 797 1.72 .52 1.9 8,91
17 164 353 517 1.27 .?b 3,25 7.83
18 1488 370 326 .84 1,37 5.09 ?.34
14 ebn 34 208 42 3.59 9,565 9,40
2N 320 337 138 .08 23.53 49, 4@ 33,09
ol 3oy 31% 9?7 .02 33,90 bS5, 42 33,35

CYCLF COoMPQSITE BSHC = . 739 GRAM/BHP HR
BSCO+ = 5,288 GRAM/BHP HR

BSNO2++= 10.4%99 GRAM/BHP HR

BSHC + BSNO2++= 11,238 GRAM/BHP HR

+ CONVERTED TO WET BASIS
++ CNOHVERTED TO wWET BASIS AND CORRECTED TQO 75 GRAINS
WATER PER LB, DRY AIR

D-30



PROJECT' 11-28b9-01 DATE OF TEST' 10-18-72 TEST NO.b
ENGIME® PERKINS 4,236 SERIAL NOD.' 23hUELQ943
MODE ENGINE  TOROUE POWER FUEL AIR EXHAUST FUEL
SPELED FLOW FLOW FLOW AIR
RP M LB=-FT BHP LB/MIN LA/MIN LB/MIN RATIM
1 b4 u 2.k .3 .01 2.52 2.53 .005
e 1480 ) .7 .04 b.50 h.54% .007?
3 1480 24.9 6.9 .07 ho43 k.50 L011
4 145U 46,0 12,7 .10 b 45 b.55 .01l6
5 1450 8.3 18,8 .13 b3k b 4? L021
b 1450 95,8  2b.5 .18 b.2? b, 45 .0239
? lssn 119.5 33,0 .23 b.18 b4l .037
B 1450 10,5 38,8 .26 bol% h.40 La%e
3 1450 1hG, % 45 7 .29 b,10 b, 39 LO4R
10 14510 18l.e¢ 50.0 L34 S.92 be?b .053
11 b 1.3 .2 N1 2.7n0 2.71 .004
12 24an 1bS5.4 75,6 .51 9,61 10.18 .0651
13 24Ny 1472.1 ®?7,°2 43 q,27 9,70 .N4%b
1% 4Ny l27?7.4 58,2 <37 Q.37 S,74 0349
15 24Nn0 105,00 48,0 .31 A, k7 9.98 .032
16 e Re,? 37,8 .27 9.bh7? a,9y N8
1? ennn hi,? 23,2 .2l 9,80 In.ny .nee
18 e4nu “2.u 19,2 .18 3,83 ic.nl .N18
19 eunn 21.0 9.6 .13 9.an 1e.03 .N13
2u esnn 3.9 1,8 .na 9,90 9,99 .anAa
2l b4 2.k .3 LNl ?.51 ?.57 .NN5
MmODE HC Co+ NO++ WEIGHTED BSHC BSCU+ BSNUR++
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR
1 31k 263 68 .02 33,08 S4 80 23.32
2 298 275 b8 .03 35,50 b5, 34 26,52
3 272 EED 1749 .3n 3,39 8.35% 7.29
4 2be 346 317 .56 1.79 4,20 ?.06
5 254 268 S48 .83 1.15 2.42 8.12
b 256 191 854 1.1b .82 1.22 8,99
? 246 17?5 1305 1.45 .b3 .89 10,95
R 182 303 1778 1,71 T 1.31 12.67
9 254 1227 2038 2,01 47 4,52 1e.3¢2
1 196 5326 1991 2.20 .32 17,54 10,77
11 232 251 130 .01 51,87 111,87 9% .81
12 b2 18%b 2039 3,33 L1l bS50 11,78
13 160 801 2023 2,96 .30 3,04 12.61
1% 108 233 1668 2.56 .CH4 1.03 12.08
15 122 213 1217 2.11 .33 1,17 10.93
ik 150 2b% 857 1.66 .52 1.82 9.73
17 168 I4] 534 1.24 .79 3,119 8,20
18 208 382 372 .84 1,43 5.23 8,36
19 270 ELX:! 231 e 3.72 9,55 lo,42
en 310 ale 149 .08 22.72 45,56 I35, b4
21 314 276 Q8 .0? 32.b8 §7.25 33,44
CYLLE COMPOSITE BSHC = .?757 GRAM/BHP HR
BSCO+ = 4.7l GRAM/BHP HR
BSNO2++= 11.112 GRAM/BHP HR
BSHC + RSNO2++= 11.870 GRAM/BHP HR

+ CONVERTED TO WET BASIS
++ CONVERTED TO WET BASIS AND CORRECTED TO 75 GRAINS

WATE

R PER LB. D

RY AIR
O
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APPENDIX E
GRAPHICAL PRESENTATION OF

EMISSIONS FROM GASOLINE ENGINES USED
IN FARM, CONSTRUCTION, AND INDUSTRIAL APPLICATIONS

E-1
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FIGURE E-3. HYDROCARBON EMISSIONS FROM A JT.CASE 1596
ENGINE AS A FUNCTION OF LOAD AT FOUR SPEEDS
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FIGURE E-2.HYDROCARBON EMISSIONS FROM A HERCULES G-2300
ENGINE AS A FUNCTION OF LOAD AT FOUR SPEEDS

8000~

7000}~

6000 ~

5000~

4000

Hydrocarbons, ppmC

3000}

2000 -

0 L Il 1 1 L
0 25 50 5 100
Percent of Full Load

FIGURE E-4. HYDROCARBON EMISSIONS FROM A WISCONSIN
VH4D ENGINE AS A FUNCTION OF LOAD AT FOUR SPEEDS
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FIGURE E-6. CARBON MONOXIDE EMISSIONS FROM A HERCULES G-2300
ENGINE AS A FUNCTION OF LOAD AT FOUR SPEEDS
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FIGURE E-8. CARBON MONOXIDE EMISSIONS FROM A WISCONSIN
VH4D ENGINE AS A FUNCTION OF LOAD AT FOUR SPEEDS
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APPENDIX F

TABULAR PERFORMANCE AND EMISSIONS DATA
ON GASOLINE ENGINES USED IN FARM,
CONSTRUCTION, AND INDUSTRIAL APPLICATIONS



ENGINE|OBSERVED (FUEL | TEMP, °F |RESTRICTIONS MANIFOLD| FIA (NDIR [NDIR {NDIR [NDIR |C.L. {C. L. [POLAR.
SPEED| POWER, | FLOW, [INTAKE EXHAUST INTAKE, [EXHAUST | VACOUM, | RC, | wne, o, [ CO,, NO, | NO,, | NO, 0.,
MODE | RPM|  bup bef, | AR RO lin Hg | in Ha | ppmClPbm Gl % /4 Pho | phwe | b A
LS 22 | b | 4281 0.0) B0 19.0 | (200] 336|195 | 2.6R| V95 | 72 | ©6 | 2.1
|2 [400 —— | 7.2 | 12 | &£G| 0.7 | 0.0 19.2 [12,000] 584 | 6.52 | 7.50( 122 | GO | 50 | V.7
| _ 3 1400 Q2 002 1L elA ) 04 0D 171.9 | 4600 2)3 | 5.4V | 9.02( 2\7 | 245|227 | 1.7
4 [vaon | an 9 ) TR BAT 0L 0N | L) 14700 199 | 542 | B92 | 416 | 344 | 231} L2
5 {1400 PR R 801 32 0.7 0.0 12,8 [ 42001 105 [ 508 | 912 | 466 | 440 (42D | 1.2
6 (140D 25.6 |17.4 T4 9RT ) 0.0 H_-_() 200 | 126 | 4.60 | 9.69 | ©15 | baL | Gl | 1.2
7 |14np| 1.8 [19.4 76 {1949 1.4 | 0.0 9.8 | 2250| 126 | 4.29 [ 989 | 878 | 827 | Tv0 | L.
8 |1400| 8.2 [2232 | 77 (408 1.3 | O 7.4 {2900 115 | 284 [inzo| 129 ] 990 | 969 | 1.1
9 haon| 444 224 79 1170} 1.8 | O 54 12250 9 | 206 [10. 131236 | 1165 | 4z | 1D
10 1400 52.8 |28.0 &1 (1225 2.8 | 0.7 2.1 |2s00| 86 | 2.9 (105 vitz ey | nae| 1.0
1) | ©60 2.1 78 | 722 | 0.1 ] 0.0 19.2 {6000 284 | 7.17 [10.65] 122 ] 701 5| W9
| 12 {2100] 70.4 [27.7 76 (1274 4.8 | 04 3.1 [ 2200 147 [ 2.29 1023900007 (1946 (12734 0.8
13 {2100 58.8 |20.1 T7 {12321 25| 02 700 | 2300 75 [ 208 [10.74] 1610 11490 | 149 | 0.7
14 12100 504 285 | 77 (W6 1|30} 02 9.0 | 2450 51242 "10.G1 {1500 | 1279 [ 1326 0.B
15 2100] 472.0 |25 T |1e4| 2.2| 0.1 1.2 12950] 95| 2.87[10.47| 14942 11210 1128 | 0.8
| 16 [2100) 2.6 {204 | 7 |12 w3 | O 120 12100 115 | 4.08 (1018 | 1264 | 114D | 1075 ] OB
17 |2100] 242 |'B.4 16 (1025 13| O 15.4 3250 | 136 | 4.29] 9.87 [ 013 | 32n| 827 | OO
18 12100 16.8 [15.08 78 [ 989 | 0.9 0.1 Ve 5 500010 V22 | 48] 995 182 | 9% | (43 0.9
[ 19 (2100 84 (12.0 T7T {92210 06| ©0 (8.5 | 2200] 126 | 493 | 943 266 | 243 222 1.2
20 |2100 9.7 T 82 0A L OO 19.5 {2ooe] V19 | 5.08] 8.80] 156 | 120 | 112 ] 2.1
2V | A | — 3.2 77 1716 0.0 | 0O 19.7 | 7000{ 320 [ 2.7y | 9.87] 89 Gl | 56| 2.3
22 (1450 | —— | 33 82 422 (0.0 1 5.0 74 |2z o0 zaeo] 208 6.071 93 11091 6.8 B.G
23 [2150 2% 721412 1 0.0 o o raeal ot 2011400 22 | 5| 4811042
ENGINE _FORD 5000 paTE _8/28 /12 WET BULE TEMP., °F _ 5G
RON__ 1 DRY BULB TEMP, °F _ 7|

BAROMETER, in Ho 29.08




ENGINE[08SERVED | FUE L | TEMP, OF [RLSTRICTIONS [MANIFOLD] FIA |NDIR INDIR |NDIR [NDIR |C.L. |C. L. [PoLAR.
SPEED| POWER, |FLOW INTAKE| . |INAKE [EXRAUST| VACOUM, | HC, | WC, | €O, | €O, | NO, | NOy, NO, | O,
MODE | RPM| bhp  |BeAu| AIR RO Jin Hy | in Hg | ppmClbbmCl % | % | Pbw | Phm [ bb~ | %
\ %10 £ GG ent] nn N 19 4 G550 VY | Z7.22) 9R8L ) BY 16 o 2.3
2 {1300] —— | 7.1 o7 | @i 6o a0 194 {11,100] 290 | %.24] .52 BRR 5 57 1.9
3 11400 6 | B) | 70| 1] nz | e 17.9 | 4970] 242 | £4G| B3| 211 | 1R | 184 | 15
4 {1400] 13.3 | 701 2471 4 e Mo b | 4400 178 {1 202 B.GT| 2779 | 248 | 244 | .G
5 114001 20.0 {144 Yl SN2 oK o 13.9 129000 o | 4| B4 £94 | 203 1 4BG | Ls
6 [1400| 26.6 [l62 | T2 | WE| oo | 7 Ve | zaee] 1071 4491 9021 G2 1 EBY ) Sl S
7 11400} 232 |18 TV nZop w2 | 9.3 | Zien] 126 | 4.04| 935 %20 | 755 72% | 1.5
8 [1400| 229 [22.5 T4 | vips| VG i 7.2 12600 NG | 260 97211202 1 960 | 929 | 1.4
|9 1400 466 [245 1ol BTN Oy 4.7 N 96 | 206 {1002 11220 11220 | VIRB ] v
1O | LA0D] 52.8 |27 7o v 2 | 04 2.0 [2600) 9% | 2.02 1012 108) [1122]1047 ] 0.9
1y | 00 3.0 151 7441 o\ 10 19.7 000|225 | 2.35] 1.92 89 70 LS| w7
V2 t2400] 703 (347 76 (12011 AR | N 2.2 950 76 | 2.2V [ WS 19K (1BT17 118341 0.8
| 13 12100 2.0 |25 | 79 [1259] %8 B L0 f 21000 76 | 293 11048 | 19T | VI9T 11297 07
L4 (2100 %30 (2751 24 {1199 |29 | 00 .1 12200 76 | 345 (10,09 o3 | vAu | 1280 1
15 {2100, 44.1 (244 T7|V6d |22 N7 ‘09 27001 RS | 2.69 [10.07 [ V46 {1240 | 1278 | 07
16 |26 122 |29 73 (110G | v.7 K 12.4 | 2900| 95 | 4.01 [0.04 | 1260 | VT V145 | 0.7
17 700 268|192 ] 72 (1053 12 | ag 14.8 | 3100 | 114 | 4.2 | .63 071 | 9B4| 963 | O
v 12100 B | vMe ) 72 1972 ) on | oo 1.9 2550 135 | 479 | 9.35 | B4 | 20| 459 | O
[ 19 | 2400 B9 (V2.0 | 7 | BI9 fk | o 1R.5 | G900} 156 [4.69 | 9.28 | 440 | 394 | 38G | 0.9
20 |7100 9.0 A RAN S o 700 17000 244 | 507 1 8.44 ] 132 ] 108 9 | 17
2V | b2 — | 24 Ti | 6ol | o0 { V0.5 BALCL 408 | 270 | 9.46] 89 59 561 2.3
22 [\As0 | — | 2.4 82 (428 | 2.0 .C U4 158,50010 26301 2.56 1 5010 93 V0.9 2] 18
23 |2150 3.0 T4 [ 401 | b0 o 74 4 178,200] 4040 | 1.94 | 284 | T 8.2 4.7 102
ENGINE FORD G 5000 DATE /20 /i WET BULR TEMP., °F G2
RUN 7 BAROMETER iy !:,331_01 DRY BULB TEMPE, °F _ 72




ENGINE|OBSERVED |[FUEL | TEMPB, °F [RESTRICTIONS [MANIFOLD| FIA [NDIR |[NDIR INDIR [NDIR [C.L. [C. L. [POLAR
SPEED| POWER, | FLOW, [INTAKE EXALST INTAKE EXHAUST | VACOUM, | HC, | HC, Co, {CO,, | NO, | MOy, | NO, | O,
MoDE | RPM| bhp |®ef,| AIR WRO Lin Hy | in Hg | ppmC bbmCo| % | % | Pbm | bPm | bbm | %
I | G55 321 710788 O.v ] 0.0 V9.7 {1 9000 226 | 2.16] 10.40( B9 78 ( 10 | 2.7
|2 1400 —— | 7} | 10 | 6322 | 0.7 0.0 19.8 [12,700| 450| ®. 71| 7.80| B7 551 49 | w7
| 3 [1400 6.6 | 90| 70| 722; 02| 0.0 18.3 | 4950 210 | 5.55] 9.20] 22} {9} |13 | 1.0
|4 1400 4.0 p 7| T B2 04 0.0 16.5 | 42001 197 {4.89] 9.68] 427 | 383 {283 | 1.\
5 |1400| 20.0 | ¥4.0 71| 891 | 07| 0.0 14.0 1 4000| 165 | 4.6} 979 563 1528 |5V} | LI
© [1400] 27.0 f12.4) 173 | %3 | VO 0.0 12.7 |3550|155|4.40110.00) 6% | 751 | @48 | 1. |
| 7 {1400} 23,2 | 19.2| 74 045 4] O\ 10.2 {2950] 122 | 3.94 [ 10.2)| 862 | 789 | 157 | V.|
8 11400 29.9 {245] T3 (1109 | LT O 1.7 {2850] 115 | 3.39 | 16.64| 1122 [ 1060|1027 | 1.}
[ 9 |1400 ) 46.6 | 24.2) T5 w172 19| 0. 5.1 (2700 105 | 2.84 [ 10.07[1208 [128511210 | 1.0
10 11400 ] 52.8 | 26.3] 76 |1194 | 2.7 0.2 2.4 |2650] 95 | 2.25/10.94| 9580 (1069 | 940 | 0.9
iy | 6585 2.0 75| 83G| 0.t ] 0.0 V9.9 | 8950| 3\6 | 2.A5(|10.50] B9 68| G4| 2.2
| 12 |2100| 744 [33.9] 6 |1273] 46| 0.4 32,2 12200 96 | 2.7 [\.33]2035 [ 1905 [\R5Y | 0.7
| 13 [z100| 62.0 [32.4] 78 |1259| 39| 03 5.9 |2150] 76 | 3.00 {1093 | {407 (1450|1407 | 0.6
14 |z\00| 53.0|28.11 78 [1\97 | 28| 03 8.9 |2300] 15 | 3.20[10.65] 1475 | 1371|1339 | 0.k
15 [2100] A4.1 252 B0 | W67 | 23| 0.2 VL 12650] 75 | 2.57(10.42 1 142311317 [ 1251 | 0.6
16 |2100| 35.2 1224 78 [V1\V1 | w8 02 12.9 |2850 95 | 2951102212571 1154 [V 1v V| 0.6
T_\7 2100 26.B {\B.7| 7B [1032] L2 | A 6.0 123200114 1 4.45] 999 992-| 895 | B52| OF
18 {2100 V7.8 ['S6| 7B | I8V 09| O\ 16.9 3500|114 (4.8 9.62. 779 | €40 | G30| 0.7
| 19 {2100 3.9 |V2.4| 78 1 98| 06| 00| 18.2 [2700|13514.90|9.51| 475 | 426 | 384 | 0.3
20 |2\00| — | 93] I8 | HB74| 0.3 | 0.0 20.1 | 6500] 290 [ 516 | B65| 143 | 115 | 110 ] 1.6
2\ | 55— | 3.2 71|69 0.1 0.0 20.1 | 9000| 50\ | 2.88{ 9.79( T7 | ©\ EG | 2.5
22 V450 | — | 34| B2 |44z o.e| o0 4.4 36,000 2440 247 | GO5] &9 (V0O | B8] 1.8
23 {250 241 74140y | an| .0 2.6 |24,2000 5830] 2.12( 3.83 71 8.5 5.0 9.7
ENGINE __FORD G5000 DATE _2/30/72 WET BUL® TEMP,, °F _G3
RUN 3 BAROMETER, in Hq 2899 DRY BULB TEMP, °F_74




ENCINE[OBSERVED [FUEL | TEMP, °F [RESTRICTIONS |[MANIFOLD| FIA |NDIR [NDIR {NDIR |NDIR {C.L. 1C, L. |POLAR.
SPEED| PowER, |FLOW, INTAKEL |INTAKE EXHAUST| VACOUM, | HC, | HC, | €O, | Oy, NO, INOy, | NO, | O,
MODE | RPM | bup |™wf.| AR RO Fin Ny | in Hy | ppmibbmCo| % | % | Phm | bhw | b | %
i ] 7100 22 ©3 149 | .| 0.0 19.2 | 8400| 227 1.9V | 227 | 10} w2 { 55| 36
|2 |1400 ©9 | ©2|622| 07| 0.0 192 h72,6000 523 (677|722 81 | 48| 4y | 2.3
|3 {1400 6.6 87 ©3 732} 22 ] 0.0 V8.1 | 50000 336 | 5.42| 854223 | 113 1164} 1.2
4 (14001 14.0 1] ©4 | 798| N4 0.0 Ve.2 | 4400] 210 1 4.93 | B.91 | 440 | 300 243§ V&
5 {1400} 200 {135) ©5 | B70| 07 | 0.0 | 142 |A000] VT8 AT A4| 581 ] 4991472 | 1.4
6 (1400 | 27.0 [ 16.b| o | 941 09| 0.0 1L | 2700 126 {4.44] 9\ TI6 | 29| 602 | V.2
7 {14000 22.2 1B.9 1 @) [0S | LB 0.0 7.9 ] 3000) V37 [ 2.90] 926 | B74| 708 700 | V3
8 11400] 299 | 2071 OB 108G | LG | G| 75 | 2850| 106 | 2.52) 956 991 | 920 90b | V.2
9 |1400] 46.6 | 238| B 11155 1.8 ] 0.1 5.1 2550 96 | 3.08] 996 [1206 | 1136 1125] .}
10 (1400 529 | 272 70 1172\v4) 2.8 0.3 2.2 128500 76 |3.24{10.12110801014] 974 0.9
Y O8RS 301 a0 | 8221 0.1 1 0.0 V9.8 | BLDO| VB2 |2.32] 9.14 90| 3} G@O| 2.2
V2 {2100 72.4 | 322 10 {12461 4.8 | 0.5 3.1 | 2200] 76 | 2.00 1136 1981 [1877(1845] 0.9
13 12100 620 312} 4 11284} 3.7 | 04 | ©2 123001 05 | 2.9710.60] 15491297 1276) 0.3
:‘5‘_, 2100) 520 [ 274 76 (1201} 2.8 03 1 90 125500 76 | .19 1104811497 | 1286 [ 1223 0.8
15 [2100] 440 1248 | 75 |NeB 2.3 02| 1.4 |2800| B85 | 2.61{10.25|1424] 1285|1285 0.
LG |2V00) 2352 (2201 £ [\09 | V.8 | 02| 12.9 |32000]\04 [ 4.10[10.03[1257|1144]1047| 0.8
| V7.12100)  26.8 | 183 ] s£ [W0z0 ) 124 O] \L.O 122001114 14411 9.8211038 | 897 | 854] 0.3
18121000 118 | 15,5 ) 76 | 982 | 00 ) 04| 1] [2600 | 146 |AI5] 9.26| 726 | @42] 621 | 0.8
1S J2100) 89 (129 UT {96 & | 0.0 186 12700] 155 | 502 925 265 284| 33)| 1.0
20 [2V00] —— | 9.0 | 3 | BIV | n.? 0. DO 6000] 244 {506 3.5V 1221 103 96 | L7
R G| — | 2.0 71 3201 on 8.0 200 | 7001 BLB L 2.61 ] 999 89 0| 54| 2.8
Do lhacol —— | 320 1 azz| .ol coo | v [oeo] 2920] 218 | 5.85] 92 | wol 7y | 71
B iﬂ\g{fi_:«—- 55| 7447 00 o0 2077 14,0000 4190 208 4G 7Vl a8] sl 9.2
= o yrtRD . G 5000 pavE /ot WET BULE TEMP °F 03

PULE TEr:




ENGINEIOBSERVED [FUEL | TEMPB, °F |[RESTRICTIONS [MANIFOLD | FIA [NDIR [NDIR |[NDIR |NDIR |C.L. | Q. L. [POLAR.
SPEED! PoOWEP, | FLOW, INTAKS EXHALST INTAKE |EXRAUST | VACDUM, | RC, | nC, | €O, | £O,, | NO, | ND,, | NO, + Og.
MODE | RPM | pLp | Al AR VRO Tin By b in By [ ppmClbbem Co| % | Yo | Phw | bhw | PP~ | U
| 700 20 72 22010 O 0,0 20.7 | J200| 56V | 2.37 ooy &9 A | =11 2.9
-2 1400 S L un4 o2l 0.0 i7.8 4,400 769 | 6.8) | 7.c0f 76 | 52| 431 2.0
2 D490 GG | RA TT U920 0.2 O YRS A0 | 2V9 | 2| 82| 198 [ 144 144
4 [1A0N ) a2z oG] LI 8D aa | ol Ve 2 1 ARDOY V9B | 524 9.22| 288 | 241 | 219 ] 12
L5 (14001 20,0 BT U7 922 A o) VAT 36001 T 419 9234 577 | 512 491 1]
6 140D 26.6 | 16| 2 1 9RL | 0.8 ) ng 12.4 {2200 156 | 4.26| 9.83| G71 | 41| ©31) 1.2
7800 222 | 10T /4 [0SRz 02 102 | 28000 1251 3.81 110,23 923 | 802 | 770} 1.}
B [1AnD) 29.9 | 2v00 h fu22 g 6| 03 1.6 | 2700) 105} 321 110,471 1167 | 117011031 1.0
L9 MADD Al 2z b 9T 22 p 04 ) 4.0 122000 92 | 2.80 [10.89 | 1410 [ 126711246 0.9
10 1400 52.8 28.210 10 W19 | 2.9 0.4 2.6 122000 V67 | 2971106681222 [ 1053 967 | 1.0
1y 1 7100 2210 70 | @30 | 0.\ N0 20.0 | GROO| 2251 2.21 | 9.95| 100 10 51 2.¢
| 12 [Z2100) 7V (544 1) 11294 1 47 4 0.6 2.6 {2200 76 | 2.27 (1432119351720 | {720 0.7
13 12100 2.0 [ 2271 77 |1222] 37| 04 6.8 |2450{ B5 | 3.05[10.67 1565|1428} 1252 0.7
LA 2000 520 (2720 11 [WIE] 29 ] 03 9.2 12700| 95 | 231 [10.47 (1495|1252 1245 0.7
[ 15 12100 44.1 244 76 1128 | w8 | 02 V14 {2000 V15 | 2.53 11044 | 139) {1264 1253| 0.8
16 |2100] 352 22.5| 72 |W062| 1.7 ] 0.2 12.4 2200 | V15 | 4.0 }10.02 | 1193 | 1079 | 1058| 0.8
17 121001 268 189 ) 7T 1 992 p v | oV 150 | 3750] V35 | 446 | 9.82 | BYZ | 854 | BS4| 0.8
VB |EAN00 s A A ) 9200 0.9 0 0.V 1760 14050) V45 | 484 9.51 | 723 | 597 580| 0.5
19 (700 B9 |2 b A P Rd ) o | o PRG 14200 1199 14095927 | 426 | 268 255] 09
20 12:00 Q2 JA IRl | 02| o S0 | 67100 314 1523 BET] V32 9% | 90| z.0
2y | @IS — | 3.2 | )4 | 5\ | oy e V9.8 [ho.000] 412 | 16k 551 9o 3| GO | 3.\
22 V450 —— | 23| 82 | 427 | 6.0 1. 71,4 34,0000 2840( 2.42| 592| 87 110.4] 70| 8.0
23 {2\50 3.3 74 | 410 T 210 122,600 4180 2.06| 292 59 1.6 4.9 9.8
ENGINE __FORD G 500C pATE _2/2V/72 WET BULE TEMP., °F G4
RUN__5 BAROMETER, in N4 22.18  DRY BULB TEMP, *F_ T3




ENGINE{OBSERVED |[FUEL | TEMP, °F [RESTRICTIONS [MANIFoto| F1A [NDIR [NDiR [NDIR [NDIR [C.L. [ C.L. [PoraR
SPEED| POWER, | FLOW, {INTAKE INTAKE, [EXHAUST| VACUUM | BC, | nC, | €O, | CO,, | NO, | NO, | NO, | Oy,
MODE | RPM | bhp B/ | AIR EXMUSTi“*\zO in Na | v Ry [ppw € (PP Ce| % Yo | PP | kb | Bpw | U
b | ©50 221 74 | 299 N0 os.0 20.2 | ©300| 225 206 982 B9 | B | (I | 30
2 11600 73] 16 | £55) 0.0} 0.0 20.5 | B400| 247 | .26 9431 B) + 54| 53 30
3 |1600 14.4 (v2.8] 76 | 480 N2 | 0.0 17.0 | 4600 V9B | 5311 B.6Y| 2L !28\ 2731 1.4
4 0| 216 03] 77| 9%7| 6| o1 123 | 36200177 | 4.41] 9.45] 152 | 041 | 24| 11
s liern| acc |z09] 78 gl 2] ea| 7 | 2900] 122 | 5491005 1672 | 975 | 921] 1o
6 {1000 604 (275 7% (\I8B | 2.0 0% 2.2 27001105 3.307).25 1072 | 964 | 952 | 0.9
7 | 65 230 78| 890 00| 0.0| 20.2 | 7100158 | 248 10.05] V13 BG | 7L | LB
B 1900 7.9 324 B4 1264 201 N 2.7 | 28000 1L | 2.0% '0{‘}9;“‘?5;937 722J 0.8
9 1900} 522 |2s5.8 ) B2 [11R4L 220 0S B2 [ 7R0D) 05 | 248 110.241129) | 856 | B2 6.3
10 1900|342 [1B.2] BI 1006] 10| 02| 122 [ 2600) 05 | 420 940 178 1 783 | 461 o8
1y 1900 166 | 1os| 72 9231 oS o 12 (4160105 | 568 BeT| 256 | 2001 1781 vB
12 900 ——— | cal 7 | oni] no | 00| ana jcorolime a9 el 98| 56 |z 2.9
fg 3 1620 —— | 22| y4lce2] oo Gn AN | 7400 293 280! 9401 88 52 L4902
ENGINE FOKD G5000 DATE >/21/I2 WET BULE TEMFE, °F (8
MAPPING RUN M-1 BAROMETER, in Hy 79.083 DRY 80LB TEMER, °F  7¢




eNc,»NcggSERVED FUEL | TEMP, °F |RESTRICTIONS |[MANIFOLD| F1A |NDIR [NDIR |NDIR [NDIRIC.L. | C. L. |POLAR
SPEED| POWER, | FLOW, INTAKE EXHAUSTINTAKE, EXhAUST| VACUuM | HC, | nC, | €6, | CO,, | NO, ' NO, | NO 0.,
MODE | RPM | bhp  |Bm/e| AIR W0 [in My | n Ry [bbm C BpwCe| % | Y | Phm | bbr | Bpe | %
1 G50 A2 T4 517 0.0 0.0 19.5 8100} 292 | V.85 | 7.B4 39 54 5y 3.0
| 2 VOO — | 1.7 | TA {104} o1 OO0 19.4 14,0000 491 | ©26 | 7.90 ] 9B | 52 | 47 | 1.®
|3 |1000 148 11221 76 ) BLOL 0.4 00| 1.} | 4400 286 64V} 9.09 | 286 | 214 | 297 | 1.O
& [1et0) 204 1090 | 70 1009 29 02 ) W13 | 3650 VBG | 477 958 6671 627 | 5951 1.0
5 1600|448 250) T8 [11E6| 13| 04| 65 | 2700] 136| 35310.22(1010 | 962 | 951 | 0.9
o {1620 SR8 | 223 18 |1225| 2.4 0.6 2.3 | 2350 15 | 3.09 \0‘54!\07“\037 995 | 0.8
7 ©50 2.0 8]0 akb 0.0 0.0 9.5 B6O0| 329 1 2.48 | 9.97 100 54 51 1.9
8 19500} b5 [ 220 B4 1248 4.2 OB 2.4 | 2400 56 | 3.09 |10.64 1356 | 1091 | 1070 ] 0.7
| 9 |19001 508|275 88 VO 28| 07| 78 | 2700 35 1 3.90110.10,1098 1002 | 960| 0.G
| VO 1900 342 1199 88 |1032] 2.4 | 0.2 | 12.3 ) 400,103 | 4.76| 9.85 BS71 668 | G2b) 0G
1y 11900 V7.1 [ Y%z 83 | 921 0.) | 0.2 6.0 | 4000| \24 ) 5.36| 9.02; Sl 4151 361 | 0.6
12 1900 8.6| B8 | 827] 04| 01| 194 [wn00] 347 [ 595|840l 1191 o | S8l 12
13 | eso] —— | 27| 87595 00 ] 00| 198 | 96o0] so1 [4.96] 913! 10! 441 40! 7
ENGINE FORD G5000 DATE 2/3V/72 WET BULB TEMP, °F _G8&
MAPPING RUN ™M-2 BAROMETER, in Hy _29.08 DRY 80ULB TEMP, °F TG




ENGINE|OBSERVED|FUEL | TEMP,°F [RESTRICTIONSIMANIFOLD| FIA |NDIR |NDIR [NDIR {NDIR |[C.L. | C.L. |[POLAR
SPEED| POWER, |FLOW, [INTAKE|EXH - |INTAKE[EXxnAUST] VACUUM,| HC, | B¢, | €O, | €Oz, | NO, | NOx, | NO, | O,
MODE| RPM | bhb  [®m/h, | AIR |AUST [0 in g | tn Wy [ppwe [bpmC| % | % | bbw | Fpm | Bbw | %
| | ©00 28| Bo | 549| 0.2] 0.0 191 |5900] \68 | 5.27|8.09] 39 | 24| 29| 2.5
2 1450 ©3| BB | 5% 0.3 0.0 19.3 |3500] 73 (3.29)w0.67] 79| 12| 70| 1.}
3> 1450 ©9 | 88| 87{727| 04| 0.0 V6H |2900| 98 [4.52]10.15] 145 [\36 | 132 | 0.8
4 [1450| 3.7 [12.8| BD | 824 0.7] 0.0 14.5 |3800| 88 |4.94| 9.50| 259 [ 255 | 238| 0.D
S [1450| 205 |15.5] 87 1901 09| 0.0 12.2 {3750] 108 |[5.03]9.25] 325|324 203| 0.9
6 |1450] 27.0 [17.3]| 88! 9563 1.1| 0.0/ 10.0 |3600[ 118 {4.90] 934|392 |406 | 294 | 0.8
7 1450f 33.4 [19.9| 88| 984| .3} o.| B.1 [3500] 107 |4.6) 996 440 | 467 | 4406]| 0.8
8 11450] 39.4 [24.83| B7 [I106\] \.B| 0.} ©.2 |3200] 107 |4.53]9.89| 616 |59 | 58G| 0.6
9 1450| 45.8 |25 87 [1099] V& | o.) 3.7 [3050| 98 |4.6b!9.53| 544 190] 747 0.5
10 {1450| 533 [33.2| 85 |1109] 0.0 0.] 1.7 [2B50| \16 | 7-11 | 8.43 1422 380 | 259| 0.9
11 | 60O 2.7 841475 0.2 0.0/ 8.9 |9600| 22} |6.59|6.80| 9| 25| 18] 3.\
12 |2400| 75.60 |38.7| 85 [1226| I.2| 0.) 2.3 |1B50| 71 [3.54(10.51[1084[\0\5] 982| 0.5
13 {2400] ©4.8 {356 88 {1235 2.3 | 0.} 4.2 |2050] 8O [4.13 {10.46| 891 914 892 0.4
14 |2400] 564 [32.1| B7 {1188 24! 0.} ©.2 |2200] 89 |4.53] 9.791 7105]| 703| (71| 0.4
|5 [2400] 45.6 |27.3] 87 [1147]2.2{ 0.1 8.4 [2200] 98 [4.59] 9.19| 666 | 6O7| 575 0.6
16 |2400] 27.2 (239 87|30 .8 | 0.1 10.4 [2500] 98 |4.83 [108]| 531 466 | 458| 0.4
\7 {2400| 27.1 [22.0] BY |W063| 1.4] 0.0 12.6 |2450] 98 |4.83]10.20]| 53| 4(9| 459| 0.4
I8 {2400 185 [18.2] 88 [1009| 1.2 | 0.0 14.3 |2700| 80 {5.46| 9.12| 238 | 255]| 238| 0.4
19 |2400| 9.0 [14.2] 86 | 946|0.®5| 0.0] 16.4 |2650] 71 {5.20/9.22|176 | 53| 145| 0.5
20 {2400 10.0| 86 | 912|0.6| 0.0 8.7 [2700| 69 |5.28 [10.24] 108 | 96| 90| 1.2
21 {600 |—| 2.4| 84| 561/ 0.3 0.0| 190 |7000{ 276 |5.76| 7281 39| 30| 24| 2.7
22 1400 — | 28| 80 |368/0.0| 0.0{ 210 |54,000/3538|2.62| 2.85| 52 | 83| L8| 10.6
23 {2450 26| 91 {5532 0.0 0.0{ 20.9 43,800/2196(0.94|2.82| 42 | 74! 3.1/12.9
ENGINE HERCULES G-2300 DATE ©/16/72 WET BULB TEMR,°F _70

RUN

-z

BAROMETER ,in Ha _23.05

DRY BULB TEMP, °F 706



0T-1

ENGINE|ORSERVED|FUEL | TEMP, °F [RESTRICTIONSIMANIFOLD| F1A [NDIR {NDIR [NDIR [NDIR {C.L. | C.L. |[POLAR,
SPEED| POWER, |FLOW,[INTAKE/EXK- INTAKE[EXRAUST| VACUUM,| HC | RC, | €O, 1 €0z, | NO, | NOx | NO, | Og,
MODE| RPM | bhb  [®m/fe| AIR [AUST |WRD|tnBg | in Ry [ppwC (bpmC| % | % | bpm | Pbm | bbw |
| | GO0 -1 32| 81 |A26| 0.0] 0.0 186 |5750 \56| 583| 805 57| 32| 27| 2.6
2 1450 59| 81 |672{ 0.0/ 00 18.9 | 3850 8®| 3.81/1065 96| G4 63| .2
511450 6.9 | 95| 8V | 7135| 0.0| 0.0 166 [4250) 9042210321836 | 153 (148 .2
4 11450 139 |[12.57 RY | 822 os5! OO 144 |4350) 1551 4.90/10.10] 279 | 2232 | 205 W3
5 11450 203 |ib.be| B2 1831 1.0| 0.0 12.314000]| V55 | 5.02] 9.91] 333 | 2132|2832 1.3
I o |[1A50| 27.0 |15 21959 21 0.0 9.9 3500|125 | 5.0110.20] 286 | 379 | 316 | V.|
7 l1as0] 3404 |25.4] 23 |997] 15] 00| 7.5 2450145 [a67]001]457 | 571497 1.0
8 11450| 40.6 |22.5| 85 [1043] 1.5| 0.0| 54 |3050] 99 |A.6310.48] 512 | 523|494 | 1.2
S 11450| 474 276 85 06| V6| 0.0 2,2 [3150] 97 |4.5410.68| 803 | 801| 716 | 0.9
10 [1450] 54.0 | 32.8| 86 11095| 0.0] 0.0!. 14 [|3350/105 | 6.54| 9.24| 341 | 256]| 314 0.8
it | 600 20| 85| 550| 0.0/ 0.0 8.4 |7400| 207 | 6.65| 72.72| 38| 20| \9| 2.4
12 [2400] 762 | 39%5| B4 \26B| 1.0| 0.0 2.0 {2300 ©} {3.4710.88]|1217]1126]'030| 0.7
13 2400 66.0 | 37.5| 86 {1224 2.2| 0.0 2.7 127200 70 |4.11]10.53{1001 | 995] 932 0.6
14 [2400] 564 |332] 87 {1196} 2.V | 0.0 (0.0 {2800 B0 14.29 041| 832] 794| 7140 0.6
15 |2400| 48.0 | 285 86 {1158 2.0] 0.0 8.2 [3050| 88 |4.50|\0.V3] 714 6l4]| 583 0.6
16 |[2400] 378 |24.2| BB |Wn1Z2] .8 0.0] 103 [3150] 97 |4.06[10.28] 549 | 516 | 464| 0.6
\7 {2400] 2B.8 |21.3| 89 [1067]| 1.5]| 0.0 V2.0 {3200} 97 |A4.79[10.20| 479 | 422| 390] 0.6
{8 12400 19.2 [ 16.8| 90 [1014] 1.0 0.0 4.\ |{3400| 52 |5.03[10.09| 279 | 249 228| 0.7
19 12400] 10.2 |40 90 | 94| 08| 0.0] 160 |3600] 70 {5.17]| 9.54| 185| 16\ | 152 0.7
20 (2400 10,0 9} | 91V | 0.5] 0.0 183 [3000| 52 |4.76|9.40| 105| 85| 81| 12
2l @O0 —— | 3.32| 89 | ©35| 0.0 0.0/ 188 |1000{19B |5.65/7.87] 48| 33| 27| 2.7
22 1400 — | 33| 8D | 405] 0.0 0.0| 209 |53600[3649]3.02|4.19| 71| 87| 27| 96
23 12450 26| 92 | 443| 0.0] 0.0{ 20.9 [37,200{2335|0.89|3.\16| 42| G.6| 3.3|12.7
ENGINE HERCULES G-2300 DATE ©/19/72 WET BULB TEMPR,°F 67

RUN

3

BAROMETER,, in Ha

29.04 DRY BULB TEMP, °F 74




11-4d

ENGINE|OBSERVED|FUEL | TEME, °F [RESTRICTIONS/MANIFOLD| FIA INDIR [NDIR |NDIR [NDIR [C.L. | C.L. [POLAR
SPEED| POWER, |FLOW, [INTAKE|EXNW- [INTAKE|EXRAUST| YACUUM, | RC, | BC, | €O, | €Oz, | NO, | NOy, | NO, | O,
MODE| RPM bhd ‘b"‘/}u‘ AR | AUST [ B inHy | in Ry [pbwC ibpmC | ¥ | b | e | Bbw A
I |©00 330 823 | 467] 0.0 0.0| 8.7 [©aoo| 129 | 5.68] 726] 48| 34| 29 2.9
Z 1450 0.V] 83 | 630| 04| 0.0 19.1 | 2400] 71| 3101048 97| TG 72 1.2
3 1450] G.1 | 9.5 84| 744 05| 0.0] 1715 |3550] B9 |32.69]'0.12] 187 | 154|150 L2
4 |1450] 13.8 |125] 32 | 810 05| 0.0] 14.6 [2950/ 118 [4.72] 9.07| 359 | 321|303 | 1.2
5 1450| 20.6 [16.4] 87 | 900 ©.7] 0.0] 12.2 |2700] 127 | 5.01] 9.02| 460 | ADY | 349} 1.2
6 1450 27.2 |\8.7] 87 | 959 10| 0.0] 9.9 [3500 118 |4.83]|9.14| 426 | 437|405] 1.2
7 11450] 23.7 119.9] 90 j1003| 1.5] 0.0 7.5 |3200] V27 4.43]953| 58| |491] 459 .2
8 [1450] 40.6 [2V.8| 8% [w63] L6 | 0.0 5.2 |3000 71 /4.47]9.60] 705|544 | 511 1.0
% 11450| 47.5 |27.2| 8B |1087] \.6| 0.0] 33 |2900] B9]4.47]95)| 852 785%] 778| 0.9
10 11450| 52.6 |34.4] 9) |108Y) 0.0 00| 17 |3100] BB | 6.228.52| 422465 39} 0.7
bt | ©00 32| 89 | 527 0.0 00| 18.7 (8000 16b|1.26]079| 48| 27| 21| 2.3
12 |z400] 74.7 [38.8 ] 95 [1240] 1.0 00| 2.} (2350 81[3.91/9.22[1062] %2937 0.7
12 [2400] ©6.6 |275! 93 [vaLl 20] ool 2.4 [2300] 71 [4.23]902 ] 1ins sl emal g
14 {2400| 56.4 |21.6| 95 |1176] 2.3] 00| 6.4 |2800| 80 |4.79|8.73 | 083 | 0o4| 43| 0.6
1S |2400] 4B.0 |29.0) 99 |W\40] 2.0] 0.0 7.9 12950] 80 (5.24|8.69] 519|490 | 437 | 0.&
16 |2400f 27.8 12500101 {1112] L7| 0.0] 03 |3100| 8Y |5.08|8.96| 496 | 502 | 465 | 0.
\7 [2400| 28.2 |22.2{100]1070] V4| 00| 122 |3100] 87 ]4.97|8.63]474| 4060 428] 0.7
'8 [2400] 19.8 |'8.7| 971013 V.1 | 00| 14,1 [2300| B89 [5,22|8.62] 303 | 321|295 | 03
19 {2400/ 10.2 [14.1] 96| 965| 0.7] 0.0] 163 [3450] 89 |5.41]8.50| 197 | 166 | 162 0.7
20 |2400 10.0] % | 98| 0.5| 0.0 185 |3300| B\ |4.82|B.A7)107 | 85| 78| 1.6
2} {600 |—— | 2.6| 95| 500| 00| 0.0| 8B |B400| 44 |£72|6.54|265| 30| 24| 3.2
22 1400 | ———| 35| 93 | 420 0.0| 0.0| 209 [48,800/2733 [3.27]/4.74| 81| 12| 45| o5
23 12450 2.5 871|755 0.0 0.0 21.0 [46,400(2179|0.8712.98| 42| 76| 2.8 |12.7
ENGINE HERCULES G-2200 DATE ®©/19/72 WET BULB TEMR,°F (B

RUN

4

BAROMETER ,in Ha 29,03

DRY BULBE TEWMP, °F

76



[4 St

féﬁ@@t&E‘@%&Eﬁ\d@ Fugt | TEME °F IRESTRUCVIONS MAMIFOLD F1A [NDIR [NDIR NDIR INDIR O L | LLh (PO el
m’i?EEQ POWER | FLOn) INTAKE |EXR - WNTAXE[ERAuST] YVACUUM | RO, | BC, | €O, | &0 | NG, | ROs, | NO s,
MUDE| RPM | bhb [P | AR [ AUST [ R in Bg | in By [BbmC [ppm G| % | % | P | ¥bw | phe | %
b BoG 3.0 18 | 425 0.0} 0.0 1.7 | 7200] 165 | 48] 7.97 57| 24 27| 2.0
Z 1as50 .31 18 | 622] 0.4} 0.0 1B.9 {4000] 97 | 322|015 96| ©B]| 6h | 1.2
3 1450 ©.9 | 95| 80 |70 04| 0.0 1o.4 [4200] 115 |442[1057] \B4 | 160|147 | 1.0
4 hagpl V2.8 (v2.5] 80| 821 0.5 0.0 14.6 {4000| 134 [4.82[10.44| 277 | 252|235 | .2
5 11450 20.7 Jib. | 8Y {92Y] 0.7 | 0.0 12.2 [4050| 14414 .95(W0.05) 331 | 2582 302 W2
6 1450 27.2 [1%7| B) | 963 0| 0.0 9.9 |2750] 152 |4.64]10.44( 43) | 514 483 | W)
7 V450] 33.9 2.0 81 [w2v] L4 0.0 2.9 [2950| 142 14.7610.54] 476 1441 1410 | 0.9
8 14206| 420 |25.2| B3 [w08i]| %7 ] 0.0 5.0 [2450] 144 |/4.40/11.04]| 6\ [ 587 | 545| 0-B
5 11460 47.) |27.2| 82 (120} .7 | 0.0 2.4 [23400] 106|453 10.45] 109 | 673 | 652 | 0.8
10 1450 54.0 (2.8 83 [1104] 0.0 | 0.0 L7 |2700] 115|075 9.38| 328 | 223 | 270| 0.8
1l | 600 3.1 82| 528 0.0 0.0 8.6 [BI00] 2327 1 678/8.01| 27| 20| 22| 2.4
{2 |2400| 75.6 |40.2| BZ {1275| .0 | 0.0 2.0 {2700] 52 |3.27010.33[1193 | 1669[\1058| 0O.§
13 |2400| ©6.C 136.8| B7 |1242] 2.1 | 0.0 3.5 13100] O\ [4.69]| 956| 847 | 763| 71l]| 0.B
14 2400/ 57.0 |32.74 90 ju1iB7| 2.2} 0.0 55 {3100] 79 {4.09] 9.65]| 740 | 57| ©i5| 0.7
15 [2400| 47.4 |20.4| 92 |1\44]| 2.0 | 0.0 7.6 |2400] 87 |5.08 [10.06| 500 | 462} 420| 0.7
16 |2400{ 37.8 |26.7] 93 |1110] 1. | 0.0 9.8 [»150| 97 [4.80] 9.54| 564 | 518 | 498 0.8
\7 [2400! 28.2 |21.8] 90 1072| 1.5 | 0.0 | ‘2.1 (3300|107 |4.98[9.53] 424 | 28i| 359| 0.B
18 {2400 19.2 |V7.9 ] 88 (1013 1.0 | 0.0 | W43 3500|106 | 510952 | 279 | 249 237 0.B
19 2400/ 960 (147 B8 | 949/ 0.7] 0.0 | V6. [3700! 106 |5.40[9.49 | 154 [ 139|135 0.8
20 |2400 10,0 89 | 892, 0.5 0.0 184 13000] G) [494 9.1 8| 171 72| 4
21 |00 —— | 27| 88 | 630] 0.0 | 0.0 | 187 |B400| 208 {5.73|7.62| 28| 33| 26| 2.9
22 NA00| — | 3.6| 92 | 420| 0,0] 0.0 | 209 [5,200{2065)|3.32|4.30| 82| 12| 4.5]| 9.5
23 {2450 2.8 85| 528| 0.0 0.0 | 209 148,000/2074}1.05|2.32! 42 | 8.1! 3,2]12.2
ENG|NE HERCULES G-2300 DATE ©/20/72 WET BULB TEMPR,°F 70

RUN

5

BAROMETER, in Ha

DRY BULB TEMPR, °t 76




-4

ENGINE[OBSERVED |FUEL { TEMP, °F [RESTRICTIONS [MANIFOLD| FIA [NDIR (NDIR [NDIR [NDIR | C.L. | C.L. [POLAR
SPEED| POWER, |FLOW,|INTAKE INTAKE, [EXHAUST| VACUUM, [ HC, | WG, | €O, | COz, | NO, | NO. | NO 0.,
MODE | RPM | bhp |Bm/o! AIR ST, B0 lin Ny | v By [ppw C ppmCe| % Yo [ Phm | B | PP~ | %
I | ©00 32| B2 | 416 | 0.0 | 0.0 19.0 5200|129 | 579 6.54] 58 | 34| 27| 2.
2 50 7.9 83 | 652| 0.5 0.0 19.0 2200 90 {3.03]9.50b| 128 | 99 1.5
3 V150 150 [14.2) B84 | 17| 0.7 0.0 14.7 [3550| 1{8 |5.09|8B.71| 215|274 | 265 | 0.9
4 750] 31.9 |205]| 85| 970] V.2 | 0.0 V0.2 |3200| 127 |4.79]9.07| 593 (556|524 | 0.9
5 V150 477 {269| 86 [ws8| 2.0 | 0.0 59 (2800|127 |4.72| 915 7123 602 | 598 | 0.8
6 (V7150 ©3.0 {355 B7 [1i34] 1.0 | 0.0 2.0 [2300/107(5.72/8.99| 625|603 | 508 | 0.
7 | ©00 330 90| 5% 0.0 0.0 8.8 |©900/\77|7.21|623| 48| 26| 2\| 2.2
8 (2100 71.9 [26.8] 91 [V90) 1.1 | 0.D 2.0 (2200 98 {4.97 880 721 | 64\ | ©0O% | O.6
9 |2100] 53.6 |21.0] 91 (14322 0.0 59 |2550/108 474|891 7487711728 O.7
10 |2100] 357 |24.1] 91 096 V.6 | O.O| 0.5 [2850| 62 |4.86|B.73| 595|578 | 557 | O.B
1y {zAw00] 1.8 (a5 91 | 969 6.8 | 0.0 | 15,0 [3150] 80 [5.24| B38| 326| 270|253 | 0.7
12 |2100 8.7 99 [ 862 64| 0.0 18.8 |3200] 90 [4.16|83)| 98| 76| 71| 1.9
13 |00 | — ! 2.6] 89 |453| 0.0 | 0.0] 1B.9 |©GO00|150|5.48| 6.13| 49| 3) | 23 | 3.7
ENGINE _HERCOULES G-2300 DATE _©/29/72 WET BULB TEMP, °F 08

MAPPING RUN _M-1|

BAROMETER, in Hy 29.03 DRY BLLB TEMPR, *F 75




¥i-4

ENGINE|OBSERVED [FUEL | TEMP, °F [RESTRICTIONS IMANIFOLD| FIA [NDIR [NDIR [NDIR (NDIR[C.L. | C.L. |POLAR
SPEED| POWER, | FLOW, [INTAKE EXHAUSTlNTAKE, Exnpgsy| VACUUM | WG, | e, [ O, 1 Q0. | NO, | NO, | NO, | O,
MODE | RPei| kb  Ba/o| AIR 1,0 [on Wa | 0 By (b @ fopwCel % | %o | Phm [ bbe | bbe | %
600 34| 921 A50; »0) 00 18.7 | Gooo! 99 15|35 5| 35| 28 ) 24
2 [1750 7320 92 | 651 0.4] 0.0] 191 12150[1t09! 3144906 1\ | B, B3| .3
3 1750 15.8 {14.1] 90 | 835 0.6] 0.0| 14.7 [3900]198 | 5.37| 846|304 | 270 | 244 | 0.9
4 {1750 31.5 |24 91| 974| t.4] 0.0 10.3 [3300[{178 | 5.1V B4B| 535 537| 526]| 0.B
5 (V750 47.2 |26.1| 90 [W074| 1.9 0.0 6.\ {2800]107[4.8V{815| 750 709 | 677| 0.6
6 (17150 620 355 9} [1119] 6.5] 0.0 2.1 (2500|147 6.20| 8.08{484 | 490|427 0.5
7 1600 2.6 93| 53] 0.0/ 00| 8.8 [7200,288 (6053|622 38| 2| 2}{ 3.2
8 {2100] 70.9 |38.2] 97 M%7 1.0} 00 2.2 (25001128 15.3y| BA7| 632 611|558 0.9
9 12100 536 [30.5] 99 {1t42] 2.1| 00 59 2800 \08]4.98) 874723 686} ©33| 0.0
10 [2100] 357 [23.7] 97 [1080] 16| 0.0 10.3 (2950|128 |4.Bl| B.75| 24| 6OI |580] 0.6
1y 2100 18.4 [V\6.7| 94| 96b| 09| 0.0 14.7 13200137 {523 ] 8.64| 349 | 308 204 | O.6
12 [2100 8.5] 92| 873| 0.4 00| 190 2200/ 72 |[4.14|8.89| 98| 4| 19| 4.4
13 (@O | —— | 3.V | 91 {472| 0.0 00| V9.1 |©450{18959%| 97| 48 | 34| 27| 2.9

ENGINE HERCULES G-2300

MAPPING RUN

M-2

DATE _©/20/72
BAROMETER, in Hy

WET BULB TEMP,°F 65

29.05 DRY BULB TEMP, °F

a5




S1-4d

[Encine DBSERVED [FUEL [ VEMP, °F |[RESTRICTIONS [MANIFOLD| FIA [NDIR [NDIR [NDIR |NDIR {C.L. | C. L. JPOLAR.
SPETD| Powe®, | LOW, INTAKL HAGST INTAKE JEXHAUST VACOUM, | BC, | vC, | €O, | CO,, | NO, | WDy, | NO, | O,
MODE | RPM | bup  |™ejfu] AR RO i By L in N [ ppeClpbm Co| % | Yo | Bbw | Bhw | Bbw | %
! 350 2.7 67 35| 08 @) 1 6.6 12501 196 | 5.50110.719 46 78 15 |
2z 1400 — T 6% | Ge5) 2.9 0.\ V7.0 | 5520) 27321 7.771 824 46 | 18 75 | —
| 3 |1400 4.0 8.4 T4 | 1291 32| o0 1.5 | 5400 273 195 | 824 93 54 | 54 | ——
|4 [van0 8,2 9.51 82| 802 4.4| 0.2 14.8 149001 286 | 7.60 | 84} | 147 B5 | 84 | —
5 | 1400] 2, | 104 BG| B4B| 57| 02 V2.6 [ 4850) 210 | 7.30 | 8.62| I®Y | 113 [ VI3 f—
© (14001 16 | 12.5] B | 892) @3] 04| V1.2 |4700f 310 [ ©.99 | BB} 224 | 158 | 134 | T
7 {14001 2032 | 13.B) BB} 95| 85| 05| 9.4 |4150| 298 | ©.27 | 9.37| 37) | 254|250 | ——
|8 (1400 245 1 153] BY | 99807 o6 | 7.0 139001 287 | 613 | 957 349 | 263|263 | T
|9 1400 282 | V6.3 B9 11028120 0.8 | 4.7 | 2850} 287|580 976|470 | 65|36} |
{0 (V400 327 18.21 91 1067 16.4| 10O 2.4 |3350| 24| 5.61| 92971424 ] 349|349 |—
i1 | 470 2.1 91} 761 12 0 18.6
| 12 [2100] 42.0 | 24.1] 88 (1181 [23.9) 1.5 55 | 2200} 144 | 560 [10.14] 580
| 13 |2100] 2¢8 {23.0] 88 1168 |21.9] 12 ©5 | 2200 166 | 58| 9.84 | 425
14 12100 2y.2 19.7 91 11105 [16.3] 0.8 8.9 2500 197 | @.33] 937 ] 226
| 15 2100} 2¢.72 10.7] 92 1066 |13.4) 0.6 VA3 13700) 207 | .55 9.27 | 340
| 1 G ztob 213 15.8| 92 11038 [10.4] 0.5 12.1 3800| 230 [ ©.55] 9.28 | 319 —
17 |2000 oy | 122 9 | 991 82| 03 ‘4.2 13800 24} | ©92 | 891 | 239 | T |~
18 2100 102 [12:2] 96| %8| ©7| 0.2 | 154 |3850| 228 | 768 | 9.9 | 160 | — | — —
19 | 2100 5.0 1.3 10 951952 .V o) | 159 [2850( 228 | 7.58 | 9.00 | 160
_;D,‘ 2100 | —— 10.8] 90| 944 | 28| ot | 1e2 |2900] 219 | 756 | .21 | 109
2V | 500 —— | 2.4 97| 756| 1.4 0 189 |ss550| 289 | 706 | B.O2| 170
22 | ¥ —
23 - T Y T
ENGINE _ 2T CASE 199 G pATE /9 /72 WET BULG TEMP,, °F _55
RUN 2 BAROMETER, (n \.\5 29.40 DRY BULB TEMP, °F 75




91-4

ENGINE[OBSERVED [FUEL | TEMP, °F |RESTRICTIONS [MANIFOLD| FIA [NDIR |NDIR [NDIR |[NDIR [€.L. |C, L. {POLAR.
SPELD] POWER, | FLOW INTAKE| JINTAKE [EXRAUST| VACOUM, | Q. | KC, | €O, | CO, NO, | NOy, | NO, | O,
MODE | RPM| bhp  |'eAl| AR RO in He | in By [ ppmC|PbmC| % | Y% | Phe | bPm | Bbm | %
1 470 26| B4 722| 1.4 0 17.9 1490 243 | 7.272| 7.2 87 44 | 42 | 1.6
|2 Ao | T | .0 82 L] 2.2 0 17.4 | 5900 242 | 812 | 671 72| 67| 64 | V.5
|3 [l400 4.2 | 7.0| 82| 6% 2.1 o 16.> | 5350] 24\ [ 793 17.08 | V00 | 77| 74 | L.2
|4 1400 8.2 | 92| 80| 786| 45| 0.1 14.5 [4200| 219 | 7.4\ [ 187 | 1>»Z |23 [ 119 | 1.O
5 1400} 12.Z 11031 82 ) 825) 56| 0.1 | 128 3900|197 | 7.00 | 195|189 | 165 | 162 | 1O
6 [1400] 164 | 16| 82| 89| 68| 0.2 | 10.6 | 2650|197 [©.78 | B.20| 240|178 | 178 | 0.9
7_|1400 1 203 1 12.9| B2 933 B.If 0.2 | 9.0 13450 194 | .51 110.24) 36T | 383} 319 | 0.9
|8 [1400 245 ) 14.7] 83 285| 99| 04 |  ©8_[2200) 191 | 728 110.53] 396 | 280 | 359 | 0.9
|9 [1400| 284 1 163] 87 11024 1127 0.5 1 4.} 2100 VT1 1 6.97(10.57) 5B) | 044 | @36 | 0.9
10 [1400] 224 1177 8B [1047[14.3 | 0.7 2.2 [2900 V19 | 583 | 1.44| A55 | 458 | 450 | 0.8
IV 1490 26| 90| 63221 13| 0. 18.5 (4800 | 125 | 7.37 | 1.2¢6| S2 | 45| 40 | V.9
| 12 |2100| 407 122.9] B4 |20 (230 | 1.5 56 |2550]134 | 549 | 9121 63) | 639|021 0.6
| 13 12100 308 (206 | 87 [114) 192 | v2 T\ {2600 114 |5.88 | BI5 | 425 | 486 | 486 | 0.7
141200 205 1188 | BB (11137163} 10 | BY 2700|135 | 603 | 876 | 409 | 383 | 375 | 0.8
| 15 |2100| 262 |17.2| B9 {1088 ]12.6| 0.8 | 10.5 [2850|155 {615 | 8.6 | 250 | 345 | 34| | 0.3
16 2100 210 [14.8] 91 [1045]10.2| 0.6 12,2 |2850(124 }0.22 | 867 | 387 | 374 | 566 | 0.8
17 [2100( 158 |13.01 91 11014 | 88 | 04 | 136 |2800(145 6,26 | 850 | 51> |25 | 302 | 0.8
'8 [2100| 105 |17 | 89 | 983 | 6.8| 03 | 149 [2850(12> |6.78 | 830|183 | 170 | 166 | 0.5
[ 19 |200} 52 L1} 8o | 958 5.9] 91 157 {2950 124 |7.22 | 7.87| 134 | 102 | 101 | O.}
20 {2100 0.4} 85 947 56| 0.2 16.2 2950} 1\4 1733 [ 7199 | 121 93 | 93 | 0.9
z\Vv [ s — | 2.4 88 |74\ | 4| o 18.9 {45001 199 [©.70 | 1,39 | 7 | 45 4\ | 2.2
22 (1388 —— | 2.9} 79 |A2)1 ] 05 0 206  [54400]|3246(32.48|4.25| 36 | | 3 519%0
23 (2060 3,11 85 [254|05| o | 207 [152000c480]1.75[247] 66 | 8| 3 l13.7
ENGINE _J. 1. CASE 159 G pATE _2/10 /12 WET BULR TEMP, °F _59
rRUN 3 71

BAROMETER, in Hq 2255 DRY BULB TEMP, °F




ENGINE|OLSERVED | FUEL | TEMP, °F |RESTRICTIONS [MANIFOLD| FIA [NDIR [NDIR |[NDIR |[NDIR |C.L. jQ. L. [POLAR
SPEED| POWER, |FLOW INTAKE | |INTAKE [EXHAUST| VACOUM, | HC, | KC, | €O, | COq, NO, [NOx, | NO, | O,
MODE | RPM| bhp |'Pefu| AR RO T Hg | in N | ppmCibbmC| % | Yo | P [ bhe | Bpm | %
I | 490 261 1) | 570 141 O I8.7 | 5000 85 | 665|748 o7 | 45 | 43> | 2.4
| 2 V400 —— | 3| 78 | 638| 2.3 O 179 {©100/18¢ | BOL T2 | 92 | 4 | GO | 1.5
|3 1400 4.0 7.5 B4 1737 291 o V6.7 5600104 | 7721777 1 V20 | 93 | 89 | .1
4 |1400 80 | 89| B |80 | 44| 02 5.0 45801103 [ 722|842 | 155 [ 138 | 134 0.9
| 5 [1400] 12.2 [10.2] B2 221 54| 02 12.6 {4400 | 154 | 7.08 [ 8.29 | 197 1170 [ 168 | V.5
6 1400} 16\ | 114} 84 |8B2| 03] 0.3 | 1B 14200] 164 | ©.85/856 | 2)\ | 216 | 208 O9
7_[\A004 205 | 12.4] BG | 937 | 8.7 | 04 | 9.} |3750) 165 | ©.08 | 9.04 | 226 | 400 | 392 | 0.9
| 8 [1400] 24.7 | 14.6) 85 |100] |10.2 | 05 | 7.0 [3500 124 | 588|922 | 425 1408 | 404 | 1.1
|0 |1400] 284 1162} 88 |W025|12.3| 06 | 48 |2400|155 |550/942 | Glo | T04 | 704 | 1.1
10 11400] 32.4 |18.0] 85 |1057}11.5) 0.8 25 | 200|135 | 543195V 552 5\ | 511 ] 0.B
1y | 50 2.7 ®7 | 742 1.5 0 V9.0 5100155 | 7.2V [1.89] A0 | 50 | 4% | |, B
| 12 |2100] 41.8 |23.32] 90 |43 22.2| 1.5 £.5 1290|155 | 5.6 | .58 | 549 701 | 70V | 0.8
13 12100) 368 | 2071 9Z |1155(19.9 4 12 15 {3050 ] 93 |63 [9.19 [ 424 | 509 | 509 | 0.7
14 120001 231.5 [19.5] 91 |1133 1167 1.0 8.8 350 [ 115 | 619 1900 [ 413 [ 407 | 407 | 0.7
15 121001 26.2 |77 90 [1094 [13.5] 0.8 10.4 3250 | 124 | 0341 9.0) | 263 (37| | 361 | O.B
16 [2100( 21.0 [16.) | B8 |1057(10.8| 0.6 12.) 3200 | 114 | ©.34]9.01 | 239 (4032 (282 | 0.8
17 |20001 1.0 11421 B7 1024} 951 0.4 | 1233|3200 134 1027 |9.01 |40} 1403 {402 | 0B
18 {21001 108 | 1Z.1 | B85 11000 | 7.2 1 0.3 | 153 [3200]125 6.83 880|205 |197 [188 | 0B
[ 19 {200 4.7 112 87 | %!\ | 58] 02 | 163 |2350 104 |7.46 8.28 | 114 | 109 |10S5 | O.B
20 | 2100 0.7 1 88 | 949 | 56| 02 1.5 2200|104 | ©7% 825 114 {107 | 106 | 0.9
2\ 490 —— | 2.8) 90 | 181 | v.3 0 19.) {4950 [ 176 | .50 119 | 47 53| 47|20
22 {1400 | — 29 86 | 404 | 0.5 0 20.5  |52,800{13B75 | 3.70 | 4.3 | 49 9 5 | %6
23 {2080 32| 95 | 426 0.5 0 20.9 |B4,006(8340 ] 1.62]1.90 |120 8 3 113.9
EMGINE _J: 1. CALE 159 G DATE 2/VV /12 WET BUL® TEMP,, °F _ 58
RUN__4 BAROMETER, in Hq 2229 DRY BULB TEMP, °F_T72




RUN

5

BAROMETER, tn Hq 2898 DRy

BULB TEMP, °F

Je

ENGINE[OBSERVED [FUEL | TEMPR, °F [RESTRICTIONS|MANIFOLD| F1A |NDIR [NDIR [NDIR |[NDIR {¢.L. |C. L. |POLAR.
SPELD| POWER, | FLOW INTAKE | [INTAKE [EXRAUSTI VACOUM, | HC, | HC, | <O, | CO,, NO, [NOy, | NO, | Os,
MODE | RPM| bkp  |™-Ay| AR RO Lin By | in N | ppmClpbmCol % | % | bbw [ BPwm | bpm | %
1| 480 28| 90 | ©GO4| 1.2 0 17.6 | G0} 2ot | 6.9 | ©97 7| 4B | 43 | 2.4
|2 [1400 57| 90| 644 22| O 18.0 10,200 198 | 8.99 | 06| 46| 38| 2B | 1.8
|3 |1400 4.2 64| B89 | 48] 2.4| 0. 1 7.3 | 8200f 209 | 9.07| 6.26| Ge | 46 | 29 | 1.2
|4 |1400] 82 | BT 8Y | TI6| 43| O 14.5 1 5500 197 | 8321 699 1 107 | 83 | Bl | 1.0
| 5 ]1400f 122 | 96} 92 | BZI0| 56| 02 | 12.8 | 5700| 218 [ ®27| 7.5} 127 [ 104 | 100 | I.O
© [1400f 161 1LY 91| B84} 15| 0.3 10.6 | 5500 219 | B.04 ) 7.24 | 149 [ 132 | 128 | 0.9
7 [1400| 205 |39 95| 936} B9 | 04 | B84 4950|242 | 720 | T9) | 240 | 200 | 19 | V. O
|8 1400 245 [15.6) 9519821108 0.5 ©.\ [4050( 19D | 7.05]B.01 | 270248 | 247 | 1.}
9 |1400 | 284 1'7.5) 96 10211135/ 0.7 | 28 [4200] 199 [©.33] 854 | 52) |46l | 462 | 1.0
10 [1400) 218 [ 17,9 ] 95 1037 16.3]| 0.8 2.2 14050] 187 | 6.44| 8.52| 351|320 | 307 | 0.9
1Y | 510 2.2 97 | 86l| 3] Ol 8.6 |©200) 200 | 7126} 716 ] 0| SO | 44 | 2.0
| 12 [2100| 420 |24.0] 91 [1145(24.8] LG 4.0 12200 115 | 564] 917 | 625556 | 556 | 0.8
| 13 ]2100] 30.8 12281 95 1164|179 L4 | 58 2300 N5 [ €03 | 88Y | 419 | 470 |449 | 0.6
L4 12160 215 119.8 | 99 11313 L) | 8.3 25500 145 | ©32 | 8.8 | 307 1290 | 286 | 0.7
| 1521001 262 {105 95 (1092113 | 0.9 | 0.0 4200 198 {©IB | 8.10 | 307 | 265|248 | 0.8
16 {2000) 213 1162 | 98 11052 96 | 0.6 | 114 [4200| 188 | 7.00 | 7.95| 322 | 29} | 279 | 0.8
17 |2100) 158 |13.8 1 96 [1012| 76| 0.4 | 133 14750 VGG [ 729 15| 255 | 23} |23} | 0.8
18 [2100] 10.8 |11.7 4 9B | 959 | 57| 0.2 | 148 |4800( |1 | B27| 715107 | 85| 85 | 0.9
[ 19 21001 58 1031 9% | 912 | 4.3 ] 0.2 | 165 |ALO0| 145 | 847 7.00| 94| 77 [ 72 | 0.9
20 {2100 8.1 95 |1 901 | 2.4 | o.) 19.4 |1,000]1268 | 7.22}1 658|109 | 87 | ®Y | V.5
zZ\ 500 — | 2.2 9 | 722 3 C 20.1 «100] 271 | ©.04| ©.BI 544 42| 35 | 3.7
22 W4os| —— | 3.1 | BO | 337] 0.4 0 20.6 |52,800|2945 | 3.42{4.68! 49 | 15 7183
2% {2080 | 3.0 92 {422 04| C 2 1.2 |vi12001€435) 2.60{2.4\| 58 | 9 4 2.9
ENGINE _2.1. CASE 159 G pATE _2/15 /72 WET BULG TEMP. °F _57




61-4

ENGINE[OBSERVED [FUt L | TEMP, °F [RESTRICTIONS|MANIFOLD| FIA [NDIR |NDIR [NDIR [NDIR [C.L, [C.L. [POLAR.
SPEED| POWER, | FLOW INTAKE|  |INTAKE, [EXRAUSTI VACUUM, | HC, | WC, | €O, | CO,, NO, | NOy, | NO, | Os,
MODE | RPM| bhp |®ef,| AR RO i Hy [ in B | bpmClPbmCol % | Yo | bbm | b | B | %
I [ 510 26 BT a3~ | L3 0 19.6 | 7000] 180 | ©.09 | 6.63| 54 | 40| 36 | 3.5
|2 [v400 470 80 ey L9 o 9.2 1 9500| 188 | 799 {645 ©0| 29| 36| 2.\
3 |1400| 40D | 5] 79 | GBI | 2.6| o1 174 | 6400 175 [ 846 | 6.84| BO| 67| ©2 1 1.3
4 11400 ».0 18 [ 84 | 717V | 39| 0.1 126 [5200] B4 B0 | 729120 106|100 | 1.2
L5 [1400 1 V2.1 1105 ) B 1837 541 02 | 12.C 14700) 124 1 758 | 704 | 162 | 149 | 149 | 0.9
© |1400] €3 |16 | BS | Ron] 6.2] 03 1.2 1450]{ 124 | 741 | 181 ] 190 [ 185|174 | 0.8
7114001 203 V241 By 94 ) BAY 04 | B) 14100 | 125 1 0.5) | 950 | 228 | 241 ) 3221 09
L © (1400 245 148 ) 8% |05 1101 06 | 6B 2800|133 16,09 | 851|247 1 350|337 | 09
9 ]1400| 285 | 17.0 | 88 104l 1201 08 | 42 |3550] 133 | 576 ) BBT| 592 |591 | 591 ] 0B
1O [ V400 | 1.8 | 1719 85 V052 [ 15.8] 09 2.8 23420 124 [ 594 | 9.03 | 456 | 458 | 458 | O.7
iy | 520 241 B® | 841 | .4 0 19.9 | eE00| 157 |45 | 80| 54 | 46 | 39 | 3.3
| V2 12100 29.% | 240 B2 jviBg 1229 1.5 5.1 |3150] 95 |595 98759 |575]|562| 0.8
[ 13 12100 346 | 2V7| 82 |46 [18B.1] 1.2 ©5 33001124 | 6A4 8501417 (292379 | 08
1421001 289 [1921 8 1104 }115.8) 1.0 82 |3450|124 1680|8241 313 1290|2085 | ©0)
|15 [2100) 244 |17 B} jioey 120 08 | 9.9 |2550) 155 | 088 | 816 | 327 | 506 | 298 | 09
| 16 |2)00] 200 {152 | BI [1041 [10.1] 06 .o |26501155 16.719 | 8B40 | 249 | 340|319 | 0B
| 17 {2100 ] 4.4 1301 B2 11002} 8.0} 04 | 134 |3650/154 17.25 804 175 | 187 1178 | 0.8
[ V8 12100} 10.2 | 12,0} 85 | 950 | €2} 02 | 146 3650|134 1774 1763 | 124 1109|109 | 08
19 [2100) 50 | 9B | 8% | 92| 5.0} 0.\ 1.2 14300134 |7.92 [73) [ 107 | 87 | 76 | L
20 |2100 T2 BT | BV 2.91 04 1%.2 14,200| 783 | 740 { .10 | 109 | 78 | €9 | 2.6
2y | 500 —— | 25| 86 | Gb3 | 1.4 0 VS 00| 267 @35 077 54| 40 | 35 | 3.6
22 [1400 — | 3.0} &1 | 2t} 0.4 O 20.5 [55,200|4530 | 3.0 | 4.19 | (64 13 51| 88
23 |2085 2.9 94 | 414 O. ¢4 0O 212 8500|7235 2.67|2.51| 5® 10 5 2.7
ENGINE 9. 1. CASL 159G DATE 2/16 /12 WET BULB TEMP, °F _59

RON

©

BAROMETER, in Hq 2919 DRY BULB TEMP, °F_74




0C¢-4a

ENG'NE[OBSERVED |FUEL | TEMP, °F [RESTRICTIONS IMANIFOLD| FI1A |[NDIR INDIR |NDIR [NDIR |C.L. | C,L. [POLAR
SPEED| POWER, | FLOW, |INTAKE EXHAUSTINTAKE, Exnaust| VACYuM | RC, | WG, | €O, | €Oz, | NO, | NO, | NO, [ O,
MODE | RPM| bhp  [PmAe| AIR n B0 i Ny | i Ny [bpm € [BpeC| % Yo | Phw | bbw | Bpw | %
| | 625 3041 89 |452 | 0.5| 0.0 19.% | 6650| 272 | 5932 | ©0.45] 47 29 32 | 3.6
2 V600 | —— 1 ©3 1 89 |00 | 1.5 | 0.0 18.7 | B200| 262 | B34 |6.29| 4G | 46 | 35 | 1.8

3 |\600] 84 | 97 9 |805| 5.0 03 15.6 | 55001 233G | 7.9517.02 1107 | 107 |v02 | 1
4 [1600] 16.8 (120 93 |89) | 66 | 0.4 | 116 |4600/362 | 7.39 |7.21 [ 128 | 142 [139 | 2
5 |1600| 24.83 |16.2| 92 |987 | 10.8 | 0.6 1.8 | 4000|328 | 6.77 | 7.87 | 206 [ 274 [ 257 | 1.0
6 |[1600| 332.¢ [22.5] 98 [1189 [18.0] 1. 3.2 12700({3227 [4.95(9.14 | 508 [ 6Bl |560 | 0.4

7 | ©20 29195 [«03| 05|00 | V9.2 [6100[254,4.70 5.3 42 | 3| 25| 5.8

8 (1900 29.9 [24.0] 92 113 |22.0| 1.6 2.5 125501329 [4.83 932|477 |788 | 1715 0.4

9 [\900| 218 [18.4] 97 (103176 10 | 6.2 [3300]289 | 618|845 270 [4\9 |355 ! 05

| 10 1900 22.3 1521 99 |01l |10.0 | 05 10.4 1340022 | 675 |8.01 | 248 | 212 | 299 | 0.6
[ 11 oo | 100 [11.9] 98 [897] 5.0 02 | 150 [4000|124 | 7.84 (740 | 94 106 | 97 {08
12 ({1300 7.1 96 | 181 | 2.0} 0.0 18.6 | @OOG| 198 | B05,6.88 | GO | 6O | 5V | 1.3
13 | 700 |—— | 2.7]/100 | 518 | 05| 00 | 195 |7100|208 |5.78 674 | 47 | 48 | 35 | 29
ENGINE J.I.CASE 159 & DATE _3/11/12 WET BULB TEMP, °F 56

MAPPING RUN

M-\

BAROMETER, in Hy

29.06 DRY 8ULB TEMP, °F

R




12-4

ENGINE|OBSERVED |FUEL | VEMP, °F |RESTRICTIONS |MANIFOLD| F1A [NDIR INDIR |NDIR ND\R‘[C.L. C.L. [POLAR
SPEED| POWER, | FLOW, |INTAKE EXHAUST\NTAKE, EXHAUST| VACUYUM | BC, | B¢, | €0, | COz, | NO, | NO, | NO, | O,
MODE | RPM | bhp |Be/e! AIR R0 Hin No | v Ny [ppw ClBpwCo| % | Yo | Ph™ | kb | Bbw | %
I | 640 27 1100 | 429 | 0.4 | 0O 19.8 | 9000 324 | 3.33 |B0O5 | 4B | 52 43 1 4.0
Z 1600 | = | 5.0} 98 | bbb | 1.4 OO0 | 199_|8000| 427758 691 | ©7 | B} | 2) | 2.1

3 11600} 84 |10.01 98 | 7951 34 |03 \55 15400) 299 |8.18 | 731} 80 | 98 | 90 | v7
__4 |!600| 17,0 |'44 99 [ 902 | 1 0.2 | 121 14250 264 | 2.59 | 149 \3;5__1_7_\ 153 1 0.8
5 11600 | 26.0 |17.0 |10Z |10V} [13.2 | 0.6 7.2 3800 265 |©.60 | 8.26 | 219 | 207 | 299 | 0.8
6 [1600| 23.6 {213 {106 [1V59 [20.1 | 1.6 35 2900|222 [4.49 |9.79 |—— 796 | 752 | 0.0
7 1800 |—— | 2.0 |06 | 76l | 0.4 | 0.0 19.5 16450283 |5.78 [6.74 | 47 | 43 | 35 | 3.5
8 1900 | 394 2271105 1200 |21.5 |16 | 26 [2900|2334.24 972 581 |84) | 798 | 05
9 1900} 31.4 19.9 {107 (1090102 | 0.9 7.0 |5500] 198 16.45|8.42 (284 | 37( | 359 | 00
| 40 1900} 218 |le.6 | 107 {1020 |10.5 105 10.6 3800|165 [©.89 [ 817 1219 1311 ) 303,07
| L) |1900) 109 |12.1 1103 | B92Z | 551 01 | 14.8 4400 86 | 618 | 728 | 100 110 | 98 0.8
12 [1900 |——— | 7.0 | 104 | 803 | 2.1 | 0.0 | 187 |7000]2v9 [857|6170| 59 | 50 | 41 | u)
13 760 |—— | 2.8 | 104 [ 525 | 0.4 | 0.0 | 198 |G900] 295167 | 6.65] 47 | 28 | 32 ;3.5
ENGINE J.I.CASE 159 G DATE 3/17/72 WET BULE TEMP, °F 506

MAPPING RUN _M™M-2 BAROMETER, in Hy 2906 DRY 80ULB TEMP, °F 73




¢4

POLAR.

ENGINE|OBSERVEDIFUEL | TEM P, °F [RESTRICTIONSMANIFOLD| F1A [NDIR [NDIR [NDIR [NDIR |C.L. | C.L.
SPEED| POWER. |FLOW,[INTAKE|EX - [INTAKE[EXRAUST| VACUUM,| HC, | B¢, | €O, | €O, | ND, | NOy | NO, | O,
MODE| RPM | bhb [P/, | AIR [ AUST [ RO in Mg | tn Wg TppuC (bpmC| % | % | ¥~ | Pbm | bbw | %
I | 890 3.1] 73] 6% | 00! 0.0 14,500 945|022 23 1 27| 9 |0.39
Z [1700 4.8 73| 750] 0.0| 0.0 — 14,0000 — | 9.56| ©.35] 12 | 27 | 23 |0.36
3 [1700] 2.8 571 7241 7951 0.0 0.0 |— 9,780 —— | BA9 | 7.24| 29| 52| 48 | 0.36
4 1700 5.7 6.7 73| 890 00| 00| — {6,700, —= | 575 9.07| 169 [ 167 [ 162 | 0.7
5 h700{ 8.5 | 85| 72]950| 07| 00| —— | 6420 — | 59% | 0887 | 256 238 | 235|017
6 [1700] 11.3 9.2 751010 09| 0.0| — | 6,3200— | 5.88|9.06| 227 | 295| 295 |0.17
7 {1700 14.2 [10.6] 76 [10B5] 1.0| 0.0 —— 5,900 — | 5.77|®.71| 298| 256|356 | 0.19
8 700 t7.0 (VVO| 7B (1110 LB | 00| — {5220 — |5.24! 9.21| GOB | 583 | 5B3 | 0.15
9 {1700] 19.8 1271 76 |1200| V.9 | 0.0 | — |4,2000 —— | 4.0 9.55|1244 {1205 {1195 0.19
10 |V700} 22.7 14.61 77 |v205) 2.0 0.0 —— 14,000 — | SV 9.31} 738} 183 772 | 0.10
11 | 900 2.8 76| ©10] 0.0| 0.6 — 13,000 — | 7.87| 2.2y| 47| 3| 26|0.59Y
{2 12800 32.7 | 2vi| 727 [1»20| 521 03] — | 4,650 — |4.02| 9.80|1228 |1208|1205]| 0.%2
13 12800| 28.6 1 18.6| 76 |13260| 4.5] 03| — | 4,050 —— | 2.86|10.0V| 1477 1469|1469 |0.26
14 [2800| 24.5 {17.8| 76 {1310} 3.6| 03| — | 3900 — |4.82] 9.53}1043| 988 | 988 |0.18
|5 |2800] 204 [ 16.4| 76 1260 2.7| 0.2 | — |4,040, — | 5.3V | 9.1\ | 824 | 780| 780|0.16
16 |2800| 16.3 144 75 (1210} 2.2| O | — |4,820| — | 5.70| 8.90| 538 | 526| 530| 0.09%
\7 12800] 12.2 |12.6| 7% |1050! t.6| 0.0 | —— |6,0000 — [5.91| 8.51} 342 292| 292|0.37
'd (2800 B.2 | 10.8]| 73 [1040| 1.2 | 00| — [6500|— | 6.19| 841| 248 | 204| 196[0.32
19 {2800 4.1 8.3 74 [1000| 0.7] 0.0 | — 16,500 — | .1\ | 8.59| 157 121 | 121 |0.206
20 {2800 73| 74| 990| 0.5 00| — |2,7200| — | ©.10}| B.6B| 126 92| 9210.2B
2.\ 900| —— | 2.8| 74 | 700/ 0.0| 0.0 —— 10,040 —— | 581} 7.93| O | 42| 37 |0.4\
22
23
ENGINE WISCONSIN VH4D DATE 11 /24/72 WET BULB TEMP,°F 55
RUN I BAROMETER ,in Ha _29. 11 DRY BULB TEMP, °F _70




£€Z-4d

ENGINE[OBSERVED|FUEL | TEMP, °F [RESTRICTIONSIMANIEOLD| FIA {NDIR [NDIR [NDIR [NDIR {C.L. | C.L. |[POLAR
SPEED] POWER, |FLOW, INTAKE[EXH- [INTAXE|EXRAUST| VACUUM,[ RC, | B¢, | €O, | €Oz, | NO, {NOs, | NO, | O,
MODE| RPM | bhb  [®mffe | AR [ AUST |0 BD|in g | tn By [bpwC bbmC| % | % | bbw | bbm | bbw | ¥
Y | 925 24| To | 640 | 0.1 | 0.0 ©400| 242 | 7.0V | 7.B2| 59 28 | 3} | 0.42
Z |1700 547 76 | 780 0.2 | 0.0 | ——— 14400 179 | 6.53| B3| 83| 59| 5) |0.63
3 (1700 2.8 55| 78 | 830 0.2 | 0.0 | —— (3420 169 | 588 | 885| W07 | 90 | 90 | 0.54
4 11700 5.7 ©S5| 78 | 80| 0.4 | 0.0 | —— |2900] 159 | 573 | 9.05| 194 [ 177 | \77 | 0.5
5 [VI00) 8BS 7.8 78 | 940} 0.7 | 0.0 | ——— |2780)| 160 | 5.22| B.64} 276 | 258 | 258 | 0.5)
6 {1700 1.3 94| 79 [w020] 0.9 0.0 | —— 2750|159 | 6.16 | B.6b | 212 | 307 | 207 | 0.40
7 (VI00| 142 1061+ 79 [10BO| 11 | OV | ———— [7680] 150 | 579 B4 | 4D7 | 405 | 405 | 0.50
B8 [V700) 17.0 1.4 1 79 tnWaD | 13 | 0} | ——— 2420 3B | 554 9.06| 574 | 572 572 | 043
3 [h300]| 9.8 4.0 B\ (1290120 ) 0.2 | —— |\B800 ) y19 1498 | 9.49 112006 | WIB {1198 | 0.66
10 V700 | 227 55| 8 {1250 2.8 | 0.2 | — [17100] 109 | 5.54{9.25] 124 | 682 ©B2 | 0.51
1] 925 231 81 | 190{0.) | 0.0 | — |%400| 2321 | 7.25| 772 | 41| 43| 35|\
12 {2800f 2.7 [20.2| 8) {1370 5.1 | 0.4 | —— [1750| V10 14.42] 974 1221 | uigl {1171 0.6Y
13 {2800( 278 {184 | 8l {3501 4.2 (04 | —— 1520 93 {4.29| .95 (1408 |l425|1403] 0.09
14 |2800| 228 [17.6] B! [1300{ 33 | 0. | — |2080| 9] ]5.36]9.08| 946 | 953| 931|058
{5 2800 19.8 [16.7] B} |[1250} 28| 0.2 | — [2510 91 |5.64(9.0V| 705 709| 709|{0.53
16 |2800| 15.9 |14.6 | 81 [1200]| 2.0 | 0.2 | —— |3180]/ 109 | 6.02 | BT | 401 | 455 | 444 0.44 |
\7T [2800| 1.0 [12.6{ 8} {110 V&5 |02 | —— {3260{ 129 {©30|846| 299 | 290 | 281 |0.43
'8 (2800 29 |1 | 81 [1050] 12 | 0.2 | ——— |4100] 129 |6.46| B.37| 207 | 194 | 191 |0.4)
19 |2800 4.0 89| B [1000|/08 | 00 [ — {4200 | 129 | 646 [ B.27| V31| 122] V19 |0.67
20 |2800 7232 BY | 980} 0.6 | 0.0 | — |4800| 169 |6.02{B40| 95| 90 86 |0.76
2.\ 950 — | 2.5| 8V | 700/ 0.1 | OO | — |BOOD| 276 | 7.26 | 1.4 47 | 40 32 16.84
22 —
23

ENG|NE WISCONSIN VH4D

RUN

2

DATE 1V /27/72

BAROMETER,, in Ha

WET BULB TEMR,°F (O

28.90 DRY BULB TEMP, °f 74



¥Z-4d

ENGINE|0OBSERVED|FUEL | TEM P, °F RESTRICTIONS/MANIFOLD| FIA [NDIR [NDIR [NDIR [NDIR |C.L. | C.L. |POLAR
SPEED| POWER, |FLOW, INTAKE|EXH- [INTAKE[EXRAUST| VACUUM, | RC, | RC, | €O, | €0z, | NO, | NOx, | NO, | O,
MODE| RPM | bhb "=/, | AIR | AUST |RD inHy | in Wy bpwl bpmCl % | % | bbme | Pom | bbw | % |
! | 900 24| 75 | 650 0.2 | 0.0 7100 | 266 | 6.B0 | 7.95] 35| 47 | 26 | 0.834
2 (V700 4.2 75 720 03 | 6.0 | =™ {7900] 279 | 84| 7.33| 4 47 36 | 0.97
3 [A700| 2.8 5.2 75 | BOO| 0.4 | 0.0 | — [4L0OO| 170 | 6.05| 8.52| B3 | Bb | B2 | 0.80
4 1700| 5.7 60| 76 | 870! 05| 0.0 | — | 3900 V6! | 5.28| B.27] 203 | 201 | 200 | 0.92
5 {1700 8.5 7.7 76 | 930) 0.7 | 0.0 | —— |4050| 170 | 577 | 8.92| 3236 | 209 | 305 | 0.62
6 {1700 1.3 9.1 | 76 11010] 0.8 | 0.0 | —— [3560| 110 | ©.19 | 8.71 | 256 | 242 | 34{ | 0.7}
7 (1700 4.2 [10.3] 76 [w70| 1.} | 0.0 | ——— [3400| 12) | 5.90| 9.08 {470 |464 | 456 | 0.49
8 \700] 7.0 [1v.A] 76 [ n30| W3 | 00 | — [2960] 129 | 550| 9.2t | 608 | ©6iB | ©IB | 0.45
9 1700 9.8 13,0 | 77 [1200( v8 | 0.2 | —— [2550] 110 | 4.89{ 9.65[1192 | \\84| 19| 0.36
10 {700 227 (14.7| 77 |1250| 3.0 | 0.2 | — |2450) 91 | 512 9.54| 895 | 929 | 924 |0.25
11 | 900 24|77 | 680 0.2 | 0.0 | — |6300] 210 | 095! 8102 47| S)| 43062
12 {2800 21.0 [|z0.4]| 77 [13B0| 54 | 0.6 | — (2700 111 | 4.02110.02|1367 [1297 [ 1276 | 0.20
13 |2800] 272.2 [18.6| 79 [1250[4.0 | 04 | —— {2260| 92 | 398 | 9.84{\519 |1497 [ 1497|049
14 (2800 23.3 17.2 ] 79 120033 | 04 | — |2450| 92 | 504 9171068 |104] | 103} | 0.28
IS5 |2B00! 194 |16 | 79 [1260] 27 | 0.3 | —— |2650] 9} [ 527} 9.05| 854 | §09| 809 | 0.22
16 [Z800| 154 14.01 79 [nso| 2y | 03 | —— | 2320130 [ 5739 | 874 | 503 | 497 | 484 | 0.20
\7 |2800| 9.3 1.8 79 [1080]| V.3 | 0.2 | —— |4000| 130 { G.14| 844 ] 209 | 294 290 |0.24
'8 {2800| 7.9 9.7 719 [1030] V2] 02 | —— |40 129 | 6.2)}| 844 | 215 | 214 | 213 | 0.28
19 {2800 a0 B8 | 79 [1000} 0.8 | 0.) | —— |4250]| 150 | 595 | B.37| 12V | 136 | 132 |0.6!
20 {2800 ©9 ] 79 | 990]06 | 0.0 j — |5300| 13} | 525|848 108 | 97| 96 |0.69
2V | 900| —— | 2.6 79 | 700{ 0.\ | 00 | ——— | 7600| 278 | 98| 7.62| 4\ | 43| 38 |0.59
22 '
23

ENGINE WISCONSIN VH4D

RUN

-3

DATE ! /28 /12

BAROMETER , in Na

WET BULB TEMP,°F 52

29.46 DRY BULB TEMP, °f 70



§¢-4d

ENGINE[OBSERVED|FUEL | TEMPE, °F [RESTRICTIONS|MANIFOLD| FIA |NDIR [NDIR [NDIR [NDIR {C.L. | C.L. |POLAR
SPEED| POWER, |FLOW,|[INTAKE{EXH- [INTAKE[EXRAUST| VACUUM,| AC, | RC, | CO, 1 €Oz, | NO, [NOx, | MO, | O,

MODE| RPM | bhb  ["m/f | AIR | AUST [nRD|in Ry | in Ry |ppwC [ppmC| % | % | ¥~ | PP~ [ bbw | %
1 | 900 27 76 | 5% | 0.2 | 0.0 w, 100 267| 8.30| 7250 29 | 21 | 26 |0.18
2 117100 A3 7 | 130 03 | 0.0 | ——— | 1,600 251 | B.00| 7.4 4L | 49 | 4l | 0.4
3 [\700] 2.8 50| 7% | 790] 04 | 0.0 | —— | 4,950 189 | ©.59(892| 6| 83 | 1Y |0 14
4 [V700| 5.7 3| M Bb0| 0.5 | 0.0 | ————— [4,100] 179 | 56| 9.55| 213 | 204 | 204 | 0.02
5 {1700{ 8.5 R.2( I8 | 90| 07 | 0.0 | —— {4,220 179 | ©.08|9.14 | 279 | 302 | 294 | 0.04
© |V700] 1.3 9.4 718 | 020| 09 | 0} | ——— [4,180] 16) | .00 | 5.0) | 240 | 251 | 241 |0.14
7 {11200 14.2 10,4 | 79 [0 vy | 0V | — | 3950 158 | 587|925 | 453 | 453|353 |0.17
8 [W700] V2.0 V2 9 [(v40] 1.3 ] 02 | —— [ 3,180 158 | 560 9.6 | (27 | GIB | GIB [ 0110
9 1hv00]| 19.8 1360 79 [1290] 1.8 | 02 | —— | 2650] 138 | 4.86]10.02 | 114 [ 1170|1163 |00
10 |00 227 15.01 79 [1240{ 2.9 | 0.2 | —— |2,680| 129 | 5.60( 9.66| 604 | G112} 6OY | 0.0)
i1 {1000 26| 79 | 760| 0,2 | 0.0 | —— [6,600| 240 | 7.12 | B.6O| 40| 52| 42 |0.08
12 |2800| 310 {z0.3| 78 |[1270| 53 | 05 | ——— |2,620] 202 [ 4.23| 959 | 1389 {1352]1352 |0.23
13 (28001 27,3 |i8.7]| 78 |1360[4.3 | 0.5 | ——— (2,220} 130 [4.07 | 990 | 1512 [1512{1490 | 0.)S
14 (2800 23.3 |v2.8| 79 {1210( 34 | 0.4 | — [2490| 130 | 5.24| 9.41 {1042 {1030 {1008 | 0.09
15 12800 194 1o | 79 [1260] 28 | 0.3 | —— [2,500] 129 [5.63|9.09 ! 822 | 80v| 183 ]0.09
16 [2800| 154 1331 19 12001 2% | 0.2 | — 3,160 129 [0.03 ] 8.87 ( 514 | 534 | 513 0,09
\'7 (2800 9.3 151 79 (w0 ] 12| 0.2 | — {3520 110 |[6.48 | 8.69 ] 200 | 291V | 282 |0.07
18 12800 7.9 0.8 ] 79 {040 1.2 | 6.2 | ——— |3,890| W\ | 6.54| BAT| 240 | 229 | 228 | 0.08
19 2800 4.0 87| 79 (1000|088 | 0.1 | ——— [3940] 1\9 {046 | §.ob| 150 [ 149 | 141 | 0.08
20 | 2800 7.6 | 19 990 0.6 | 0.1 | —— |5000] 149 | 6.0\O | BIT7| 95 | 99 | 95 [0.14
21 1000 —} 2.5 7Y 670 0.2 | 0.0 27,1000 23\ | 7.4\ | 194 a7 4% 1 37 10132
22

23

ENGINE WISCONSIN VH4D DATE 1) /28 /72 WET BULB TEMR,°F 54

RUN

a4

BAROMETER, in Ha

29.44 DRY BULB TEMP, °f 72



9¢-4A

[EN(,M OBSERVED [FUEL | TEMP, °F REHRlCT\ONﬂMAMFOLD FIA [NDIR INDIR {NDIR [NDIR |C.L. 1 C L. |POLAR
SPEED| POWER, |FLOW, [INTAKE EXWSTINYAKE, ExhausT| VACuuM | KRG, | WC, | €0, 1 COz, | NO, | NO, | NO, | O,
MODE | RPM| bhp  |®/e| AIR R0 [n Wo | v By (ppm ClbbmCel % | Y | Phm | Bbm | Bbw | %
| 1000 2.5 75 1 MO} 0.2 | 00 6200 276 ] ©.93 | B.10 29 49 39 10.83
2. | 2000 52] 75 | 780 0.3 ] 0.0 | —— | 5700 '8y | .34 B3| &) 5| 60 059
3 12000 G.5 700 151 910 0.7 [ O} | — {4150 169 | 5.8 | 9.16| 240 | 252 248 |0.63
4 [2000( 13.0 11,0 75 (1060 12 | 0.V | — [ 3BI10| 169 | 582 9.07| 433 | 447 | 440 |0.50
5 {72000) 9.5 13540 75 [\90) +.B 1 0.2 | —— 12960 159 {1 510 9.7t 94L | 921 | 916 {043
6 2000 26.0 66| 70 [1280| 2.2 | 03 [ —— |2400| 129 | 470} 9.94 {1090 | \\I5 | 1115 10.24
7 (1000 26, 7 {130 02 | 0.0 | — 5500 | 254 6.3 8§12 2% 49 4) {0.50
8 (2400 29.6 1851 7B 11240 | 4.3 | 0.4 | ——— 2400 14) | 4.63 |10.14] 1247 | 1252205 |0.36
9 (2400 22.2 1591 78 | w280 | 2.7 | 0.2 | —— 12580 | 128 | 5.35| 9.58|1038 | 1080 [ 1076 0.%3
10 |2400] 14.8 12.41 78 | 1150 ] 1.6 | 02 | ——— [3500]| 719 | 5.74| 9.27 ! 543 | 552 548(0.25
1Y [2900| 7.4 931 75 |1 950 08 | 0.8 | ——— |4440 | 231 | 7.05| 8.52| 239 | 2v9 | 219 {0.76
\ 2 |2400 54 75 [ 880 | 03 | 04 | —— [5200| 254 .10 | B.B6! 83 82 80)0.57
13 (1000 —— | 2.6] 75 | S0 0.2 | 0.0 | —— [ 7800 322 71.26!{ 1.9V | 29 4) 34 10.65

ENGINE WISCONSIN VHA4D

MAPPING RUN

M-

DATE V1 /29/72
BAROMETER, in Hyq

WET BULB TEMP,°F 54
2940 DRY 8ULB TEMPR, °F 70



Le

ENGINE|OBSERVED |FLEL | TEMP, °F RESTRICTIONS [MANVFOLD| FIA TND\RIND\R [NDlR [ND!RTC.L. C.L. |POLAR
SPEED| POWER, | FLOW, |INTAKE INTAKE, [EXnausY| VACUUM | WG, | WG, | €O, | CO,, | NO, | NO, | NO, | O,
MODE | RPM | bhp |/ | AIR FHRAST B0 fin Ny | 0 Ny ppm C PP Co| % Yo | Phm | bbw | Ppm VA
| %00 2.6} 74 | 570 0.2 | 0.0 10,600( 299 | 798| 7.22| 29 Y 27 {0.49
2 | 2000 5.3 74 | 1790} 03 | 0 | — 6,280 22v | 692 8.26| 7t 63| G0 [0.08
3 12000 6.5 7.5 75 | 910} o6 | 0 | — | 4,290] 18O | 590 B.BS| 247 | 244 235 |0.07
4 120001 13.0 0.8 75 1650 1.2 | O | — | 3,586| 159 | 5.83| B.9B| 498 29| 435 (0.09
5 12000 193.5 13.7] 75 [v210) 1Y ) 0.2 | —— | 2,680 147 | ©.25] 9.59] 925 | 942 926 {0.02
o {2000 26.0 163 | 76 11270} 2.4 | 0.3 | —— [2,90] 129 | 495 9.93 1069 |1048 | 1044 0.0}
7 110DD 2.7) 7 | 7% 0.2 | 0.0 | ——— [12,800] 221 | GB5| B.2) | 47 51| 41]0.08

B8 2900 296 1B.9 | 76 11240 4.3 | 04 | —— | 2,480 150 4.48/10.08 1263 11200 {1200 [ 0.0}

9 {2400 22.2 [15.9] 77 (1270 27 | 0.3 | —— | 2650] 129 | 5.23| 9.0 (V126 (10941081 [0.03
10 |2400( 14.5 12510 77 (6o b | 0.2 | —— [340| 16y | 575]| 917| 574 | 557 | 551 [0.03
1V 12400 1.4 86| 77 [1000] 68 | O\ | —— [ 3,750 V19| G331 | 8.6 233 | 233 231 {0.03
12 2400 56| 77 ) %00 03 | 0 | — |4,500] 16} 5951 9.06| 82| 83| 718 |0.07
13 (1000 —— | 25| 77 | 710 0.2 | 0.0 | —— (2400 200| 64y | 8.14| 35| 4| 3, | 0.09

ENGINE WISCONSIN VHAD
MAPPING RUN _M-2

DATE 1 /29/72
BAROMETER, in Hq

WET BULB TEMP, °F 56

29.36  DRY BOLB TEMP, °F 12




APPENDIX G

COMPUTER-GENERATED DATA PRINTOUTS
AND CALCULATION OF BRAKE SPECIFIC EMISSIONS

FOR GASOLINE ENGINES USED IN FARM,
CONSTRUCTION, AND INDUSTRIAL APPLICATIONS



FORFD 6L ENLINE NO E1BHBS3
P3~MOLE EMISSIUNS TEST RUN 1 3/e8/7¢

UYNA, MAN, FukL kAle WET CONCENTRATION
FOLE SKEED L0ap HP  VAC, LB/HR GM/HR ALDE. HC co coe NO
1 hoL non 0 19.u 3.2 1452 -0 ®900 1,962 9.75 ’3
e 140 0o 0 19.2 2.2 3248 -t 12000 b.S572 7.56 bl
4 1%qQn 1840 & 17,9 1l0.¢ Y22 -y %b00 S.460 3,09 24?
L% 372.0 13 15.9 11,4 5393 -0 4200 S5.4%6S 9,01 3t6
Loool4nn 54,0 19 13.8 15,1 bB5Y% -0 %300 5.217 .20 Y44
b l4nn ?3.0 26 11,9 17.5 7915 -0 3500 4.637 9,?7? 650
7 tsp 91.0 32 9.8 19,4 #8049 -0 3350 “.421 9.97 83%
& L%uu 104.0 38 7.4 22.3 10106 -0 2900 3.872 10,38 998
G L4 ne 1272.0 44 5.1 25.% 11503 -0 225U 3.18b 10.82 11?5
Lr L% 151 ..U 53 2.1 28.b 1245% -0 2500 3,017 10.8% 1177
1 h5I N.o 0 19.3 3.1 1397 -0 bDOO 2.18% 10,73 70
1g 1400 Nen 0 21.% 3.3 14?9 =0 32500 @2.21% b.l? 11
13 P10 144,10 70 3.1 37,7 37?119 -0 2200 2,312 11,49 1963
1+ dlno 152,10 59 7.1 30.7 13935 -0 2300 3,101 10.83 1503
15 2lon by SU 9.0 ¢8.5 12914 -0 2450 3.450 10.?0 13491
tb  &l0t KN, U 42 1l1.2 25.1 1138S -0 2950 3,907 10.5b 13el
Ly elun b o0 3% 13,1 20.% 9263 -0 3100 4.110 10,27 11%4
is  elnn TR0 2% 15.% 18,4 83b4 -0 3350 4.b29 9,95 Bb5S
149 2inu Ae.0 1?7 1b.5 15.8 21449 - 3600 4,848 9,83 202
2Ll ihJh 8 18,5 l2.0 5452 -0 3250 4,977 9,56 346
2l el n.n U 14.8 q.7? Y404 -0 $000 5,119 §.87 131
eF b5l N0 no19,7? 3.2 14b1 -0 7000 2.728 9,95 be
e elnmn e li v 2l.3 3.3 1488 =0 30500 2.1%9 4.07? 5
CAaLCULATED GRAM/HR WT. WEIGHTED GRAM/HR
HODE ALDE. HL Cu NOZ2  FAC. HP ALDE. HC co NUR
1 ot RU, ? Yoy 2.8 ,0b? n.o 0.n S.38 30.9 .2
Y n.i 254%.,¢2 2812 4.3 ,04qQ 0.0 U.0 10.17 1l1ie.s .2
3 hol 1%).b 3395 25.2 .0%0 .3 0.0 S.bb 135,.8 1.0
4 . 15¢.d 3498y Y1.7  .0%0 .5 0.0 6.08 159,49 1.7
5 oo 14K, b 4RE? bB.U  .L4%0 .8 0.0 ?.49%  149%,7? 2.7
k ot 1R7,B 5025 115.8 ,0%0 1.0 0.0 ?.51 20l1.0 %.6
v Nob dnd 4 S3%42  1b5,b 04N 1.3 C.0 8.0 213.7 beb
b liolt  PHL1.5 G434 230.3 .O%U 1.5 0.0 8.0b 217.% 9.2
8 (AR T TS W sene  315.% .040 1.8 0.0 7.28 208,1 12.6
e lole 229,k 5547 358,49  .0%0 2.1 0.0 9,19 ¢223.8 144
11 Lol he i 455 2.4 L0b7 0.0 0.0 .14 IuL ¢ .2
le PL 413,11 568 .5 .0%0 nN,0 0.0 1b.52 22.7 .0
13 Lol Phb.b 5702 ?795.b . 04%0 2.8 ND.0 10.7% ees.l 31.8
14 Dol 2eb.3 blbS %41,0 040 2.4 0.0 9,05 24%b.b 19.b
15 ol 214t b2G3  Hl%.2  LO%0 2.0 n.n 8.79 250.1 lb.6
ib ol 2?5 hDAR?  338.3 L0%u 1.7 0.0 9.10 243.5 13.5
1? U.l 195,.% 5236 24%u.b L0%0 1.3 0.0 ?7.82 209.4 9.6
14 N, 187,49 S244%  1bl.l .04%0 1.0 0.0 ?.52 208,.8 b.4
14 Huh Y 71.1 4654% 110.7 .04%0 ] .0 b.8% 18b.e ¥4
20 (.0 1)4.e 3bE7? ¥2.2  .0%0 .3 0.0 $.77  1%?.5 1.7
21 TR - 3143 13.2  .U4n 0.0 0.0 6.08 125,7 .5
20 n.n b4 bOe 2.2 LAb? n.,o 0.0 S5.10 0.1 .1
23 el 4K49.5 ba? .3 J0%0 0.0 0.0 19,58 27.9 .0
CYCLE LA kFLSITE HC 8.41b GRAM/BHP HR
co 170,804 GRAM/BHP HR
NOR ?.353 GRAM/BHP HR
ALDE 0.noo0 GRAM/BHP HR
BSFC . 205 LA/BHP HR

G-2



FORD LwS['l(lU ENGINE NO E188653
23-MOVDE F~1SSIONS TEST RUN ¢ 3/eas/%e

.-
e W D s e e D TR e T R T Y D D R D G e e S M R D AT e oh BV e P R S e D WD e T S R R S IR R D M D W D N OB A A

B UYNA, MAN, FUEL RATE WET CONCENTRATION
MOLE SPEED LOAD HP VAC. LB/HR GM/HR ALDE, HC co coe NO
1 bSO 0.0 0 19.4 3.1 1424 -0 b550 2,573 9,96 71
2 1snp 0.0 0 19.% 7.1 3216 =0 11100 b,4%27 ?.65 59
3 1%oon 19,0 7 17.9 8.9 4042 -0 4850 5,537 B.76 192
4 1400 3B.U 13 1lb.1 11.1 5035 -0 4400 5.119 8.87 353
5 l%0u $?2.0 20 13.9 1%.% bSY%1 -0 3900 4,778 9,07 510
b 1400 hoU 2? 11.9 1b,2 ?3bk -0 3700 “.56k2 9,25 597
7 l4g00 45.0 33 9.3 18,1 8210 -0 3150 4,093 9,47 765
v L¥0G 11%.0 40 7.2 22.5 10147 -0 3000 3,657 9,86 973
9 140G 133.0 47 $.?7 24%.5 1lie2 -0 2600 3.1119 10.28 1237
10 14oo 151.0 53 2.0 27.1 l227¢ -0 2600 3,076 10.28 1139
11 65U 0. 0 19,7 3,0 1365 -0 b»000 2,380 10,07 71
lg 14aon n,.0 0 21l.4% 3.3 1520 =0 38500 2,601 5,80 11
13 &lnp 13%.0 20 3,2 34.? 1572k -0 1950 2,239 11,30 1903
i eloc 118.0 be b.0 31.5 14279 -0 2100 2.97% 10,8% 1526
15 210 101,0 53 8.7 27.5 12469 -0 2300 3.14e 10,03 1#17?
1b 2100 84,0 44 10,9 24%.% 11045 -0 2700 3,736 10,22 1328
17 eloc b?.0 35 13.% 21.9 4925 -0 2900 4,063 10.18 119%
18 e1nC 51.0 2?7 1%.8 14.3 8750 =0 3100 4%.429 9,79 3919
19 2100 3%, 0 18 16.9 14%.8 6645 -0 3550 4,865 9,49 629
200 €l0u 17.0 9 18,5 12.1 S48Y4 =0 bA00 4,762 q.41 400
el 210w 0.0 o 20.0 9,0 4069 -0 ?000 65,252 8,53 106
ee 650 flal 0 19.8 EP 1651 -0 8400 2,738 9,59 b0
23 2100 Uen 0 2l.% 3.0 1347 -0 28500 1,967 3,90 8
CALCULATED GrRAM/HR wT. WEIGHTED GRAM/HR
MODE AL DE., HC cu NO2 FAC, HP ALDE. HC co NO2
1 0.0 0.7 561 2.5 .0B7 0.0 0,0 ¥,.72 37,4 w2
2 n.o 235.0 27449 4.2 ,040 0.0 0.0 9,40 109,19 o2
3 N.ir 132.8 3059 17.%  .0%0 .3 0.0 5,31 l1e2.3 o?
4 Nyl 163,65 3bns 4n.8 ,L040 .5 0,0 b.l% 1%4.3 l.b
g 0.t 1749, 4435 7?7.8  ,040 .B 0.0 2.17  177.% 3.1
b U.n  192.1 4785 103.0 L0440 1.1 0,0 7.69 191,.% 4.1
7 nN.0 18b,3 4891 150.3 L040 1.3 0.0 ?7.45 195,.b be0
2 0.0 22l.4% 5452 238.% .040 1.6 0.0 8.86 218.1 9.5
q p.O 21l1.8 5131 33%.5 ,040 1.9 0.0 B.4? 205,3 13.¢%
10 0.0 23%.4 5601 34%1.0 .040 2.1 C.0 9.37 22%.1 13.6
11 n, o be.8 503 2.5 .0b7 0.0 0.0 4,19 33.6 .2
1e 0.0 477,85 652 .5 ,040 0.0 0.0 19.10 ¢bel .0
13 U.U 223.3 5179 ?723.2 .040 2.8 0.0 8.93 R207.2 28.9
14 n.0 213.8 bll? 615.9 ,040 2.5 0.0 B.55 24%,7 20.b
15 0.0 20%.1 5721 417.,% ,040 2.1 0.0 8.1h 228,8 1b.7
)b 0.6 209,.7 S8bl 3%2.4% LO040 1.8 0.0 8.39 23%.5 13.7
17 f.l 148,0 Sb03 270.6 .04%0 1ok 0.0 ?7.92 22%.1 10.8
18 0.1 18b,7 5389 199.7 .040 1.1 0.0 ?2.4? 215,86 8.0
14 D.00 lbl.b Y44 95,0 L0040 o? 0.0 b.46 178.9 3.8
20 0.0 254%.b 3549 49,0 L040 -4 0.0 10.18 1%2.0 2.0
21 0.0 18b,b 2980 9.9 .040 0.0 0.0 ?7.86 119,2 o4
22 0.0 98,4 651 2.4 .067 0.0 0.0 b.b0 43,4 .2
P3 0.0 440.6 blY .4 040 N.0 0.0 17.63 24.b .0
CYCLE COMPUSITE HC B.795 GRAM/BHP HR
co 159,207 GRAM/BHP HR
NO2 7.078 GRAM/BHP HR
ALDE 0,000 GRAM/BHP HR
BSFC .b59 LB/BHP HR

G-3



FOKD 65000 ENGINE NO E188653
23-MODE EMISSIONS TEST  RUN 3 3/30/72

______ e e D e G D T O 6D e D D T T G N S e G T R R e D D 0D 4P P D 45 TR e e T W R O W TR R R 4R S W B D D S T R S

UYNA, MAN, FUEL RATE WET CONCENTRATION
MUDE SPEEL LOAD HP VAC, LB/HR GM/HR ALDE, HC co coe NO
] 650 0.0 0 19,7 3.2 1462 -0 9000 2,188 10.55 ?3
2 l4no Nel 0 19.8 3.1 3202 =0 12700 b.822 ?7.93 56
3 140N0 19,0 ? 18.3 9,0 4069 =0 %950 5,626 9.33 194
4 1400 40,0 1% 16,5 11.7 5321 -0 4300 4,964 9.82 388
5 140 57.0 20 14,0 1%.1 6373 =0 4000 4,73b 9,94 536
hool%0m ?77.0 27 12,2 17.% 7870 -0 3550 4,463 10,15 761
? 1400 45,0 33 10,2 19.2 8691 =0 2950 4,007 10,55 800
B l4ne 11%.0 40 7.7 21,5 9752 =0 2850 3.%47? 10.79 107S
9 140U 133.0 47 5.1 2%.2 10973 -0 2700 2.88b 11.23 13p%
L0 1won 151,0 53 2.4 2b,8 121bb -0 2kS0 3,303 11,10 108%
1! L50 0.0 D 19,9 3,1 1420 =0 84950 2,186 10.65 649
le 1400 N,0 D 2l.4% E 1542 =0 36000 2,290 S.bl 9
14 2lao 136.0 71 3,2 33,9 15363 «p 2200 @2.201 11,50 193e
1% 2lon 118,0 b2 5.9 32,% 14683 -3 2150 3.05b6 10,83 1470
1 2lou 101.0 53 8,9 28.1 12746 -0 2300 3,355 10,80 1390
le  2J00 B4, 0 $4% 11,1 25.2 ll42se =0 2650 3,630 10.59 1336
17 24100 b7.0 35 12.9 @22.4% 101582 -0 2850 4,01% 10,37 1170
16 2lup 51.U 27 15,0 18.7 8473 =0 3300 4,521 l0.1% 08
19 2lar 34.0 18 16.9 15.6 7099 =0 3500 4.745 9,76 b49
2u 2100 17.0 3 l8.2 l2.% Sb38 -0 37?00 4,972 9,65 432
21 2lot 00 ¢ 2n.l 9,3 4237 ~0 6500 5,239 8,78 117
2e bS1, 0.0 0 eo.l 3.2 1433 =0 9000 2.925 9,93 b2
23 210G fle0 0 2el.b 3,5 1565 =0 34%500 2.009 3.b3 8
CALCULATED GRAM/HR WT. WEIGHTED GRAM/HR
MOUE ALLE, HE co NO2 FAC. HP  ALVE. HC co NO2
1 n, 0 95,4 470 2.8 .067 0,0 0,0 b.39 3l.4 ]
2 0.,U 253,4 2755 3,7 L040 0.0 0,0 10,16 110.2 ol
3 J.0  130.3 2933 16,9 .0%0 .3 0.0 5.21 119.7? .7
4 0.0 1S0.% 3506 45.1  L,O40 .b 0.0 b0l l4%40.2 1.8
5 fi,0 1ed9,1 Y044 ?75.2  JU4D .8 0.0 b.?b 161,.8 3.0
b U.l 1lR6,7? 4742 132.9 ,040 1.1 6.0 .47 184.7 5.3
? 6.0 172.b 47237 155.5 040 1.3 0.0 b.91 1849.5 ba2
8 DL 191.% 46?5 239.b ,040 1.6 G.0 7.55 187,00 9.6
] Roivens.d Y446  330.2 .040 1.9 0.0 B.2% 177.8 13.2
10 n.L 2)9.9 £535 298.5 .040 2.1 0.0 B.?9 221.% 11.9
1l 0,0 42.b 457 2.%  .0b7 0.0 0.0 bol? 30.5 .2
e n.n  48e.4 beo ¥ 0,040 0.0 0.0 19.32 24%.8 .0
13 n.U0  242.8 4906 ?707.7 LO%0 2.9 0.0 9,71 196,82 28.3
1w 0.0 222,3 6384 50%.b 040 2.5 0.0 8.89 255,4% 20.2
L5 n,0 en3,8 6003 409,00 .040 2.1 0.0 8.15 240,1 16,4
1h 0.U 209,11 £?78b 34%9,9 ,L040 1.8 0.0 B.3b 231.% 14,0
17 .0t 192,82 5612 26bB.9 ,D40 1ot 0.0 ?.89 224%4.5 10.8
18 0.0 186.5 Slb2 170.3 ,040 l.1 0.0 7.46  206,5 b.8
14 n.0 1k?.3 4681 103.0 .040 . ? 0.0 bebq 183,2 $.1
20 f.h 139,.1 37277 S4.0 .0%0 o 0.0 S.57 151.1 2.2
2] n.U L187,7 3056 ll.2 .0%0 0.0 g.0 ?.51 122.3 o4
ece 0.0 43,8 blb 2.1 .0b? 0.0 0.0 be2b 41,1 ol
23 Ny 94,0 699 .5 .0%D 0.0 U.0 23,76 28.0 .0
CYCLE CUMFUSITE HC 8.910 GRAM/BHP HR
Cco 15%.820 GRAM/BHP HR
NO2 b,a5% GRAM/BHP HR
ALDE 0.000 GRAM/BHP HR
BSFC .bbY4 LB/BHP HR
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FUHDAuann ENGINE NO £1809653
e3="NLE E~ISSIONS TEST RUN 4 3/31/7¢8

L ODE SPEEL Eazé. AN, FUEL KATE WET CONCLNTRATION
b HP VAL, LB/HR GM/HR ALt HC co oz Mo
] bSu n.o 0 19.3 3,2 1433 -0 8400 1,833 a4
¢ ly¥aw 0.0 0 19.5 6.9 3yle -0 12600 &,BbY4 .32
3 lyou 19,0 ? 18,1 8.7 3960 -0 Sp00 5.599 B,b5H
LN IR, 13 1k.3 11.1 5017 -0 4400 5.003 305
Lo lwoe 57,0 20 1%.3 13.5 b137? =0 %000 4.778 9,07
S Y 6.0 27 11.% 1t,b 7534 =0 3700 4,503 .6
R S q45.0 33 a,8 18,9 8555 =0 . 3000 3,950 1,18
CEE S AU li%.0 40 7.5 fa.? 9394 ~0 2850 3,571 fob :
9 145G 133.9¢ 4 ? S.1 fi,8 1C?496 - 2550 3,125 R i
1 Lwn 15%,0 Sy 2.2 c7.2 1e3se -0 @2Lou 3.289 10 i
11 bSU n.o 0 19.8 3,1 140k ~0 8bOOD 2.365 Rocd 3
¢ lwaon 0.0 0 el.w 3.2 1456 =0 24000 2.516 G, i
13 elng 138.0 72 3,1 25,3 1539 -0 2200 2,029 1 e
1% 2100 118.0 be b.2 21.2 14148 =0 2300 2,07 10,4 Q1
15 erno 101.0 53 9.0 <7.% lewaa «~0 2550 3,23% 10,62 Y0l
1t e2l1nu B4, n % 11,.4% 2%.9 11272 <0 2800 3.b75 10,59 13us
17 e)nhu b?.0 35 12.9 @22.1 10038 -0 300U %.163 10,17 Jlei
1F €10 51.0 27 15,0 18,3 8287 =0 3200 4.471 B,V S
Ja 210G ELNY 18 1lb,? 15.5 2049 ~0 3600 4,815 q,.u9 b
cr el 12.0 q 18.b 1.9 58b5S =0 3700 5.N93 9,30 L
21 clfv 0ol G 20,0 a,1 4106 -y 600D 5.132 qok? vo
2e £S5 n.o 0o eu.o 3,0 13€3 =0 7500 Z.t%5 1ok
23 elng N.0 0 2l,7? 3.5 15789 -g %loou e.lle i
CALCULATEU GRAM/ Rk Wi, WEIGHTED GRAM/HR
“WOuke ALDE., HC co NOe2 Fac, HF ALLE, HC Co
1 Lo 4e.8 460 2.4 JDe? 0.0 0.0 £.59 30,7
e H.1 253,94 279% 3,3 .040 0.0 p,0 il0.1b6 111.8
3 DL 134,11 3034 15.6  ,040 .3 0.0 S.36  121.4
4 f.0 1S5E.3 34919 42,0 L,Q40 .5 6.0 .03 139.9
& G.L 172.3 4168 2.3 .0%0O .8 u.no b.B9 1lbb,3
h n.o 197,23 4849 112.8 ,040 1.1 0,0 7,89  19%,0
) fh.U  1RE.Y 4970  148,% ,040 1.3 0.0 7.47 198.8
# n,n 197,86 5001 217.1 .0%0 1.6 0.0 ?2.90 200,0
4 (TN e 5057 306.3 ,040 1.9 0.0 8.1? 202.3 :
1 .l 2P3.8 5947  305.4%  ,040 2.2 0.0 B.495 237.9 1
11 ot 96, ? 537 2oe L UR7 0.9 0.0 b.45 35,8
12 AL 3l ) 651 o L 0%D 0.0 Vo0 14,87 2b.1
13 (lul 2585.b 4760  733.7  .0%0 2.9 0.0 L18.22 130,6
14 pLU e3l.u blel 472.5 .040 2.5 0.0 9,2% 244,93 i
15 G.00 22%.5 5?75¢  +10.8 .040 2ol U.0 .48 230.1 hon
ik 0.0 Plol §?al 337.5 .0%0 1.8 0.0 g.7% 231,6 1.5
17 Gou PNSL? §767 2h+,c  LO40 1.4 0.0 R,23 230,7? 10 n
1H T B Sp7e  lbd.b L 040 1.1 0.0 7.149 e202.9 N
14 n.0  1?3.0 4675  LU3, 8  Lh%0 .? Uo0 6,92 187.0 "R
et N.U  lub.e 4065 51.1 040 L4 0.0 L.85 1bt2.b 7.0
el n,0 1?l.mb 2964 9,9  .04D 0.0 0.0 b.Bb 118,56 o
2e i 76,7 S4b 2,1  .0b7 0.0 0.0 S.11 b4 o1
23 n,N o &¢9.3 b5S s 5 .040 0.0 6.0 2%5.17 eb,2 .0
CYLLE COMFCSIIE HC g.8913 GRAM/BHP HE
Cu 157.3eb GRAM/BHP HE
NO¢ bo?he LRAN/BHP HR
ALDE 0.00U GRAM/BHP HR
BSFC .bSY LB/BHP HR
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FUKRD GSNUG ENGINE NO E188b4%3
PI=MOLE EMISSIONS TEST RUN § 3/31/7e

o o e DA D WO G e G e e S T T WX GO R R N O S R O M e e S e S e e D G e wm G S G B e D e e W On e TR R N W o KA On &S T G2 S @3 TP WD Cb G 63 OF & b 48 @ 80 mm as

UYINA, MAIN FUEL KATE WET COUNCENTRATION
MODE SFEERD LOAD HF  VAC. LB/HR GM/HR ALDE. HC co coe NO
] hE(0 0.0 oD en.e 3.1 1424 =0 7200 2.4tl@ 10.10 65
¢ lsow Hen n 19,8 b.4d 3130 =0 14000 6,984 7.b1 53
3 l4np 19.0 ? 18,5 8.4 3810 -0 4700 b.21l% 8,8b 14%6
4 L4 38,0 13 16,3 10.b 4822 -0 4000 5,323 9,36 346
4 1400 5?2.0 20 14,5 13.7 6196 -0 3600 4.857 q.bb 519
b LuuL ?hoN e? 12.% 15.6 7094 =0 3300 %.421 9,97 650
? 0 l%uu 95.U 33 1l0.e 172.7 8038 -0 2800 3,872 10.38 809
ELwnl 11%,0 40 7.6 2l.0 3526 -0 2?00 3.3kl 10.61 1186
couwnt 133.0 $? 5.0 ¢23.8 10?96 -0 2200 2.850 11.05 1288
1L 1466 151.u 53 2.b fH.,2 12787 -0 2300 3.017 10.8B% 1068
11 NE 0.0 0 en,o 3.2 145k -0 6800 2.350 9,90 21
Lo 1%00 N.0 U 2l.% 3.3 1497 =0 34000 2.4%bl b.02 11
13 2lnn 1372.0 e 3,6 3I%.%  15k22 -0 2200 2.31¢ 11.4%9 1745
1% elfn 118.0 he b.8 32.2 14592 =0 2450 3.101 10,83  1l4y4d
18 2inu 1Ul.0 53 9,2 27?.1 1231%8 =0 2700 3.3b1 10.61 1371
1k 210t 84 .0 4% 11,4 2%.4% 11045 -0 3000 3,588 10.549 1282
1?2 2106 b?.0 35 13.% 22.5 10197 -0 3300 4.1b3 10,17 1095
18 elun 51.0 2?7 15.0 18.9 8555 =0 3?50 4.529 9,496 8bb
19 2lnr ELIN 1] 18 l?.,0 15.8 2149 =) 4050 4.840 9.6bb bOb
20 21lni 172.0 9 18.b6 12.1 5502 =0 4300 4,820 9,41 373
Pl 2int 0s0 G eo0.e 9,2 4169 -0 6?00 5.302 8.69 98
2e RS el 0 149.8 3.2 14?0 =y 10000 1,691 9,649 b4
23 2ino Natd n 2i.5 3.3 1497 = 33bU0 2,095 3.48 8
CALCULATED GRAM/HE Wi, WEIGHTED GRAM/HR
MODE AL LE, L co n0e  FAC, HP  ALDE, HC co NOR
1 Nl 27.1 522 2.3 .0b? 0.0 0.0 S5.1% 34,8 .
¢ Mot A73.4 2762 3.4 04D 0.0 0,0 104895 110.5 .1
3 .l 115.2 3078 11.9  ,040 .3 0.0 4.bl 123.1 .5
% .U 127.4 3438 3k, ?  L0%0 .5 0.0 5.12 137.S 1.5
5 DLt 1449,.9 408b 1.8 040 .8 0.0 b 0D 1b3.% 2.9
3 Not 199.u $3G+  10%.0  .040 1.1 0.0 b.36 172.2 4.2
P 0.l 144.8 385  148.9  .040 1.3 0.0 bo.19 173.0 5.9
" Hot JuU.b 4540 2b3.3 L0400 l.b 0.0 ?.22 1Bl.b 10.5
4 0t 168.¢2 4401 3eh.3  LU4D 1.4 U.0 b.73 17b.0 13.1
11 G.0  2ng.n 5537  321.4  .040 2.1 0,0 8.35 221.3 12.9
i1 Pt Ib.b 635 2.7 JUB? N.0 0.0 S.11 35.7 o
le .t 478,05 hehb <5 L%U N.0 0.0 17.1% 25.1 .0
13 [yl P4b, L 5203 b46,4% ,U%0 2.9 0.0 9.81 208,11 25.8
1y N N - b44%9  4494%,& 040 2.5 0.0 10.09 258.0 19.8
1 Hon 233, S8b69 343.b 04D 2.l 0.0 9,3% 234.8 16.7
1k Dol 228.8 5524  IP4.b 04D 1.8 .0 3.15 221.2 13.0
17 N eed.4 SR%7  252.b 040 lo% 0.0 9.18 233.19 10.1
ie 0.1 215.8 Se¢bb  1b5.5 .04%N 1.1 0.0 8.63 210.b bob
1 e n.rt  1493,b +722 9b.2 .40 ? 0.0 ?7.?7% 188.9 3.8
21 Bul 1blae4 3b55 46,5 L0400 o4 C.0 bo4b  l%b,2 l.9
21 Nt 190.% 3N4Y 9.8  .O04%D nN.o C.0 .62 121,.8 -4
2 [T R I - 405 2.5  LU0R? N.0 0.0 7.9¢2 27,0 .2
25 not 53¢,9 8?71 L4 .0%0 0.0 0.0 2l.32 2b.q .0
(YCLE LCvPUSTITE HC 8.777 LRAM/BHP HR
Cis 153.5¢R GRAM/BHP HR
NO@ beb?5 GRAM/BHP HR
ALDE n.Loo GRAM/BHF HR
HSFC .h53 LB/BHP HR
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HERCULES_G-EBDU ENGINE NO 3319¢263
?3-MODE EMISSIONS TEST RUN 2 b/1lb/7¢e

DYNA, MAN, FUEL RATE WET CONCENTRATION
MODE SPEED LOAD HP VAC, LB/HR GM/HR ALDE, HC co coe NO
1 600 0.0 0 19,1 2.8 1ebl =0 59U0 5,3%% 4.20 3s
? 1450 n.n 0 19.3 he3 2840 -0 3500 3,277 10,62 71
3 1450 19,0 ?2 16,9 8.8 3974 =0 34900 4,587 10.31 138
+ 1450 372.0 13 14,5 12,8 5788 -0 3800 S,02¢ 9,h5 259
5 145D Sh.0 20 12.3 15.5 2049 =0 37?50 65,101 9,38 3enq
koo L%sN 4.0 2? 10,1 17,3 ?83R -0 3600 4,973 9,48 ‘412
? 146N q2.n 33 B.1 19,9 qp31 =0 3500 4,769 10,12 424
R 1450 10R.q 39 b.2 24.8 11263 -0 3200 4,600 10.04% b05
4 1460 12R,0 4 h 3,7 @2b,5 lgoes =0 3050 4,732 9,67 gue
1n 1450 148,0 SY 1,5 33,2 15069 -0 2850 ?7.145 8,53 3865
11 iy N0 n 18,9 2.7 1207 =0 9600 b,681 b,89 25
12 1450 0.0 n 21,0 2.8 1eb1l =0 S40N0 2.bk? 3.93 8
13 2400 12b.0 76 2.3 38,7 17568 -0 1850 3,b0¢ 10,68 1031
14 2400 108.0 h§ 4,2 35.h 16135 «0 2050 4,19% 10,62 928
1S 2400 9% .0 Sk b.2 32.1 14579 -0 2200 4.b0% 3,495 714
1h 2%nn ?b0 46 B.% 27,3 12374 =0 2200 4.bb2 9,45% blb
L?  24ng 82.0 37 10.4 23,9 10859 -3 2500 4,875 10.28 473
18 2400 45,0 2? 12.6 22,0 9961 =~ 2450 5,0¢b 4,56 389
19 2400 1.0 19 14,3 18,2 Beue =0 2700 5,.5%1 9,¢5 2519
2n 2400 15,0 9 lb.,4  1%,2 h459 =0 2650 65.282 9, 3b 15b
21 2%0n N.0 0 18,7 10,0 4518 -0 2700 4,807 3,3¢ 82
22 k00 n.n 0 19,0 2.4 1089 =g ?0N0D 5,853 7.39 3]
23 24on n.o D 21l.0 2.6 1161 -0 %3800 . 355 2.R8 3
CALCUIL ATED GRAM/HR WT, WEIGHTED GRAM/HR
MODE ALDE. HC co NO2 FAC. HP  ALDE. HC co NO2
1 n.n 52,6 953 1.0 ,0b? n.,o 0.0 3.51 b4.2 .1
2 n,n 63,7 1319 4,7 L040 0.0 0.n 2.74 2.8 o2
3 N, 10l.4 2408 11.9 040 .3 0.0 4,05 96,3 .G
* N,0 1l4b6,¢2 3qpe 33,1 ,040 .5 0.0 5.85 1G5h,1 1.3
S n,n 172,94 4889 51,8 .040 .8 0.0 ?.12 195.6 2.1
h n.n 190,5 531b 72.3  .N%0 1.1 0.0 7.2 2l2.b 2.9
? n.n an?,s 5?11 93,3 040 . 1.3 0.0 B.30 228.% 3,7
8 N.N  241,u0 5996 151.,3 040 1.6 0.0 9,h% 279,8 bol
Q n,n 2%9,3 7814 217.h ,04D 1.9 N.0 9,97 312.b 8.7
10 n.,0 2e8,3 13k81 1en,2 ,040 2.1 0.0 1D0.73 5%7.2 4.8
11 n.o 29,7 1121 .?  .0hR? n.o 0.0 5.32 74.7? .0
1e N,0 5b7.8 Sbh .3 .040 N0 0.0 2°.71 2e.? .0
13 N, P24%4,.,b 8R33 415.b 0N 3.0 a.,0 8.98 353,3 lbeb
14 n.n R0,2 9099  330.8 040 2.b N.n 8.8l 3b4,0 13.2
15 n.n P1?2.1 4176 P33.9 ,040 2.3 N.0 R.h8 38?.0 9,4
16 n.n 183.b 7858 170.b .0%0 1.8 0.0 ?2.3%  314%,3 b8
1? N.N 17b.¢ hQ4Q0  11N.b 040 1.5 0.0 7.068 277.8 Y.y
1R Nell  1lh%.b bALY BheR ,0O4N 1ol Nen h.58 272,8 3.5
19 NeN 142,77 bl24 47,0  L.0%0 o? 0.0 5.91 245.0 1.9
en n,0 114%.8 4p2e 22.4% .040 o 0.0 4,59 1B%4,9 .9
21 .0 R4, 7 INe? 9,1 ,04n 0.0 0.n 3,39 121.9 o4
2 n.n 54,7 923 .8 ,0b? 0.0 0.0 3.65 bl.b ol
°3 N.N &618,.R 273 <4 .nun n.n g0.N 24%.765 10.9 o0
CYCLE COMPOSITE HC 8,157 GRAM/BHP HR
(of] 209,208 GRAM/BHP HR
NOR 3.811 GRAM/HHP HR
ALDE n.onn GRAM/BHP HR
KHSFC .20k LB/BHP HR
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HERCULES G=2300 ENGINE WU 3319263
23-MOVDE EMISSIONS TEST RUN 3 b/1Q/7¢

DYNA, MAN, FUEL RATE WET CONCENTRATION
MODE SPEED LOAD HP  VAC, LB/HR GM/HR ALDE, HC co coe NO
1 600 0.0 0 18.6 3.2 1438 =0 57?50 5.935 B,a24% 3
2 1450 0.0 0 18.9 5.9 2685 =0 3850 3.879 10,8% bb
3 1450 139.0 7 lbh.k 9.5 +318 =0 4250 %.306 10,52 155
1450 38.0N 1Y  1l4%.4% 12.5 5665 =0 %350 4.9%30 10.27? 23b
5 1%50D S56.0 20 1le.3 1b,b ?55¢2 -0 4000 S,lée 10,08 318
b 1450 4.0 e? 9.9 19,1 8646 =0 3500 S,103 10.4%% 385
7 1460 4,0 34 7.5 21,4 9?1k =0 3%S0 4,760 10.29 581
R 1460 112.0 41 5.% ¢22,5 10206 =0 30580 4,636 10,48 5¢b
Q 1450 130.0 4? 3,2 @27?.b 12533 =0 3150 4,618 10.86 8l4%
10 1480 148.0 5% l.% 33.8 15309 =0 3350 6,658 9,41 3be
11 RNO 0.0 0 18,4 3.0 1356 =0 7?2400 b,7?b3 7.85 30
le 1450 0.0 0 20.9 3.3 1501 -0 53600 3,085 4,28 9
13 24no 1e?.0 ?b ¢.n 39,5 178919 -0 2300 3,537 11,07 1l%b
14 2400 11n0,.0 &b 3.7 37.% 1?7001 =0 27?700 4,190 10,72 1013
15 2400 94,0 Sbk beN 33,2 160585 =0 2800 4,467 10,519 807
16  24n0 80N 48 B.2 28,5 129%1 =0 3050 H4,b4S 10,31 h2s
17 2#nn 63.0 3g 10,3 2%,2 1098¢ =) 3150 4,751 10.47 5eb
18 2400 $8.0 29 12¢.0 21,8 99ge =0 3200 4,870 10,38 429
19 24an 32.0 19 1%,1 16,8 76lh =0 3400 5,113 10,26 2b3
20 2400 12.0 1 16,0 14,1 6378 =0 3600 5,2b% 9,71 lb4
2l 24no Gen 0 18.3 10,0 4554 =0 3000 4,853 9.58 8?7
2e eoN 0.0 n 18,8 3.3 1501 =0 7000 5,751 g.01 34
23 2400 Na.N 0D 20.% 2.b 11kl =0 37200 ~914 3.22 ?
CALCULATED GRAM/HR WT. wEIGHTED GRAM/HR
MODE ALDE, HC co NOe FAC, HP  ALDE, HC co NU2
1 a.n Sb.1 1169 l.1 L0667 0.0 0.0 .74 ?8.0 .1
e n,o b8, 4 1393 3.9 .040 0.0 0.0 2.74% 55.7 -
3 n.n 120,4 2463 1%Y.6 L,04D0 o3 0.0 4.81 98.5 b
4 n,o 187,00 3638 8.3 04N oh 0.n 6.28 145.,5 l.1
5 n,n 193,b 500K 51.1 .04%0 .8 0.0 ?.?% 200.3 2.0
3 n,0  190.4 5h08 h9,6 ,L,040 l.1 a.n ?.b2  224.3 2.8
? n.o e17?2,? hOB?  121.7 040 1oy g.0n 8.71 242.7 4.9
R 1,0 e201,8 6196 115.,b 040 l.b 0.0 B.0? 2%7.8 Yeb
9 0.0 249,19 7401 214%.% L0400 1.9 0.0 10n.Nn0 =296.0 B.b
n D.0 31<.7 125S% 112.1 .040 2.1 0.0 1l2.51 502,11 45
11 n.n 6S.% 1207 .9 ,067 n.n 0.Nn $.3b 80.5 ol
12 n,n &3e,b 7?35 .3 L,0%0 n.0 0.0 25,30 29.4 o0
13 n,n 222,58 8620 459.0 L0440 3.0 0.0 11.10 344,.8 18.4
14 n.o  3ng,s 9481 376.8 04D 2eb 0.0 1l2.10 378,33 15.1
15 n,n 2?24.8 88BS4% 2k3.0 .04%0 2.3 0.0 10.99 354%,2 10,5
16 n,n 2&a8.7 7469 175.9 .04%0 1.9 0.0 10.35 318,3 7.0
17 n,0 222,k b782 123.% 040 1.5 0.0 8,90 271.3 4.9
18 N.0 203,b b2ss 0.7 L0040 l.2 0.0 8.1% 250,13 3.6
19 Ny 1b4.8 5006 40,7 040 .8 0.0 .59 00,2 l.b
20 N 149,7? 4423 22.b L0O%0Q -4 0.0 5.99 176,19 -9
21 0.0 92,8 3031 8.9 040 0.0 0.0 3.71 1e1.c2 o4
2e 0.0 2,7 1206 le2 0h? nf,0 0.0 4,85 BO.4% o1
°3 n,n S«9,9 2?3 «3 040 NN 0,0 ¢2¢2.00 10.19 o0
CYCLE COMPOSITE HC 8.816 GRAM/BHP HR
con 200,947 GRAM/HBHP HR
NOe 3.923 GRAM/BHP MR
ALDE 0,000 GRAM/BHP HR
BSFC .710 LB/BHP HR

G-®



HFPCULES G-230n ENGINE NU 3319263

P3I=MODE EMISSIONS TEST RUN 4 6/19/72
OYNA, MAN, FUEL RATE WET FONCFNTRATION
MODE SPEED  LOAD WP VAC, LR/HR GM/HR  ALDE. HC cu coe NO
; 1522 g-ﬂ g iz.? 3.3 1501 =0 bY00 5,787 .39 3s
. o1 bl 2775 =0 3406 3,189 10,36 78
3 1480 1?.n b 17.5 9.5 4318 - 3550 3,7%8 10,30 157
4 1%sn 3RO 1% 14,k 12,5  GheS =0 3950 4,812 39.23  32h
5 146D 56,0 P00 12,2 1b.% 7421 =0 3?00 5,110 9,21  4lb
hooL4Gn ?5.0 27 9,9 18,7 R505 3500 4,974 9,31 445
21460 3.0 3% 2.5 19,9 gy - 3300 4,508 9,69 499
R 145N 112.n 4] 5.2 @21.R aqne =0 3000 4,554 9,78 553
91860 131,00 49 3,3 07,2 j23en -0 Pa0n 4,558 9,69 803
Lo 14sn L$R,0 84 1.7 34,4  15h27 =0 310 6,337 R, b3 474
11 a0 N.n n 18,7 3.¢2 1%4e 0 8000 ?.400 6,91 28R
18 L4500 ) n en,a 3.6 1569 =0 YRBAN 2,337 4.83 12
13 2%nn 125.0 25 2,1 38,R 17545 =1 2350 3,987 9,139 a8b
1% e%nn - 1l1.0 B? 3,k 37,5 172010 =N 23NN 4,473 9,18 1070
L5 esnn 4o Sh b,% 31,6 14352 =0 28NN  4,BRb 4.R9  b7b
Lk 24nh 8.0 48 7.9 °9,0 13145 <[ PI51 5,442 R, HY 499
1?7 2unn h3.0 IR 10,3 PS,0 0 1134n =0 3100 5,172 9,12 510
LR ef4nn 47,0 P8 l2,2 P2.2 inanse =N 3Ll 5,0k5 8,80 $h9
18 ¢e4nn 33,0 2l 1%.1 18,7 85NK8 =0 3300 S,31% R,?8 32b
20 2%nu 1?2.n 10 16,3 14,1 h3I?A ={} 3A¥HN 5,517 Reb? 169
ol esan Nen n 18,5 10,0 4554 =) 3300 4,914 R, 32 87?
22 &00 Nei 0 1R, R 2.b 1161 =0 B4dN 5,928 hohh 32
23 2%0n n.n noo2n,q 2,5 1134 w0 4p40N LBE7? 3,065 8
CALCULATED GrRAM/HK Wi, WETGHTED GRAM/HR
MONE AL OE, HC co N  FAC, HP O OALDE, HC co NO2
1 n,0n h9.5 1270 1.3 .0b? N0 n.n 4, hY 84,7 o1
e n.n AR, P78 5.2 040 n,n n,n .72 51,1 ?
3 n.n 1nb, 4 2274 15,6 040 .? n.n 4,25 a1.n .b
4 n.0 185,0 IR 42,5 040 .h i,n b0 152,k 1.7
S n,.n 1R?2,.0 GP1lb 6s,9 o A4 . 8 0,1 7R 208, b PR
A n.n 2ol sapl 8h,1 L0040 1.1 0,0 8,17 232.0 3,4
P n.n 2n4.5 Sh42  102.7 L04D 1.3 0,n 8,18 225,7 4.1
# n,n  204,0 h2Ph  12%.%  ,04D l.h Q.n Bo1?2 249,11 5,0
q n,n P45, 8 IR0I 2Pk,N . N4N 1.9 0.0 9,83 312.1 9.0
10 .0 315,88  13N%1 1.2 ,N4n 2. D,N 12,63 S52l.b bot
1) n.n 7h,3 1427 .49 ,Np? n.n 0 5.08 95,2 o1
12 n.f  GSRb,8B K11 S5 .N4n n.n N, 23,47 EF .0
13 n,il AIN3,? lnenk  422,4 040 3.0 n,N 12,158 416,3 16,9
14 n,Nn PHl.d 11nkh9 435,49 LO%N Pa? DaN 11,27 442,8 17,4
15 .0 25,3 10077 2849.° L040 2.1 N,0 11,43 4%03.,1 9.2
1k HoN  Phb,0 991n  149.% .04(Q 1.9 H.0 L0,b%  396,4% boh
1? nen Pyu,? R113 13l.b LU4D 1.8 0.0 9,63 32%,5 5.3
18 n,n 219,9 7257  l11N,4 L 040 1.1 0.0 R,B81 290,13 4.4
19 n.n  19%,7 331 $3.9 L0440 .8 Uen ?.7%9 253,13 2.6
an n,N 1614 429] 4.7 04N o4 n,n bo0b 195,k 1.0
Pl A, 1108 3333 a,7  L,040 Nen 0,0 .43 133,3 .
22 n.n 73,2 102k N T Y4 n,n 0.0 ¥, HH LB el
23 n.n nl13,9 237 o3 R0 N, n N, ohehh 9.5 o
TYCLE COMPOSITE HC Q,n?q GRAM/BHP HH
cn 221,824 GRAM/HHP HR
eF) ¥,130 GRAM/RHP HR
ALDE n.,NNnN GRAM/RHP HR
HSFC L7204 LK/BHP HR
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HERCULES G=2300 ENGINE NO 3319263
?3=MODE EMISSIONS TEST RUN 5 b/20/72

DYNA, MAN, FUEL RATE WET CONCENTRATION
MODE SPEED LOAD HP VAC, LB/HR GM/HK ALDE., HC co coz2 NO
1 600 0.0 0 18,7 3,0 1343 -0 7300 b,.b0b 8,02 3S
2 1450 n.o 0 18,9 b.3 2838 -0 4000 3,304 11,38 69
3 1450 19,0 7 lb.4 9,5 4323 -0 4300 4,508 10,78 163
4 1450 38.0 14 1%, 12.5 5670 -0 4000 4,914 10.b4 257?
5 1450 57.0 21 12.2 16,1 7289 -0 40S0 65,050 10,36 360
b 1450 75.0 2? 9.9 19,7 8954 =0 3750 4,742 10.b66b 525
7 1450 33,0 EL 7.9 22.1 10038 =0 3950 4,852 10,74 449
8 1450 1i3.0 41 S.1 25.2 11%3S -0 3450 4,486 11.25 598
9 1450 130.0 47 I, ¢ 27,2 12320 =0 3400 4%.bRS 10,67 b8b
10 1450 149.0 54 1,7 31.8 14443 -0 3700 b.885 9,56 329
11, &0D 0,0 0 18.6 3,1 1418 -0 8100 6,903 B.1b 31
12 l¥s0 N.o 0 20,9 £ 1619 -0 51200 3.396 4,39 1e
13 2400 126,0 76 2,1 40,2 18226 -0 2700 3.330 10,53 1090
1% 2400 110.0 bb 3.5 36,8 16715 -0 3100 4,786 9,75 774
15 2400 95,0 57 5.5 32,7 14815 =0 3100 %.7?82 9,84 6?0
16 2400 73,0 47 7.6 30.,% 13771 -0 3%00 &5,178 10,25 ¥71
17 2400 63.0 38 9,8 26,7 12111 -0 3150 4,902 9,74% 529
18 2490 47.0 28 12,1 21,8 9902 -0 3300 5.083 9,73 388
19 2400 33.0 20 14,3 1?.9 8101 -0 3500 5,20k 9,71 25Y
20 2400 17.0 10 lb.1 14,7 bb91 -0 3700 5,517 9,b9 142
21  2%00 0.0 D 18.4 10.0 4554 =0 3600 5.039 9,30 79
22 600 fen 0D 18,7 2.7 1216 -0 B8400 5,831 7.7 33
23 2400 N.0 n 20.9 2.8 1293 -0 48000 1,075 .37 8
CALCULATED GRAM/HR WT. WEIGHTED GRAM/HR
MODE ALDE, HC co NO2 FAC, HP ALDE, HC co NO2
1 0,0 3.8 1166k 1.0 ,0b7? 0.0 0.0 %.26 ?7.8 o1
2 0,0 5.2 1253 4.3  L0%0 0.0 0.0 3,01 S0.1 .2
3 0.0 118,3 2505 14,9  .040 N 0.0 4.73 100.2 .b
4 0,0 1%2.1 3527 30,3 .0%0 .b 0.0 S5.b69 1%l,1 1.2
5 D.0 18b,? %203 5S.1 L.O%0 .8 0.0 7.47 188,1 2.2
b n,0 212.8 5437 38.9 ,L040 l.1 0.0 8.51 217.5 4,0
? n,0 248,0 b15% 93,7 .04%0 1.3 0,0 9.92 24%b.2 3.7
B 0.0 245,.3 b¥42 1%l.2 o040 l.b 0,0 9,81 257,7 S.b
9 n.0 2k?.0 7431 1?8.,9 ,040 1.9 0.0 10.68 297,2 7.2
10 D.O 317.9 119%8 93,8 L0040 2.2 0.0 12.71 4?7.9 3.8
1l 0,0 2.2 1243 .9 L0b? 0.0 0.0 4.82 82,9 el
12 N.0 b42,.4 Bbl «5 o040 0.0 0.0 25.70 I4, 4 .0
13 n.o 348,2 Bb?6 4bb.b L040 3,0 0.0 13,33 3%7,0 18,7
14 0.0 3%8,9 10882 291.1 .040 2.6 0,0 13.9 435,.3 11.6
15 0.0 307.5 9583 220.7 L0440 Pe3 0.0 12,30 1383.,3 8.8
1k 0.0 296,9 9133 136,7 L04D 1,9 0.0 11,88 365,3 5.5
17 n.0 255,0 8016 142,2 .040 1.5 0,0 10.20 320,6b 5,7
18 n.0 215,8 b?1lbk B4.3 040 1.1 0.0 8.63 2b8,b £
19 n.N 185,? 55719 44,8 040 .B 0.0 ?.43 ee23.2 1.8
20 0.0 1549,0 4788 20,2 L040 o4 0.0 6.36 191,5 -
2] 0,0 111,5 3154 8.1 .0%0 0.0 0.0 V.46 126,22 .3
22 0,0 20,7 99) e L08? 0.0 0.0 .72 bb,l el
23 n,0 ?752.5 340 .4 L.040 0.0 0.0 30.10 13.b .0
CYCLE COMPOSITE HC 9,861 GRAM/BHP HR
co 209,444 GRAM/BHP HR
NO2 3.636 GRAM/BHP HR
ALDE 0,000 GRAM/BHP HR
BSFC .721 LB/BHP HR
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Jel. CASE 159 G ENGINE NO 2?07?7350
¢3=MOUVE EMISSIDONS TEST RUN 3 2/11/7¢

O @ D e - e e - .
- TR 5 S o G 7 en R e AT AR D OB SR R M D D s O D e O O

) R UYNA, MAN, FUEL RATE WET CUNCENTRATION
T?BE-?SEED LOAD HP  VAC, LB/HR GM/HR ALDE, HC co coe NO
1 500 0.0 0 17.9 2.6 1179 -0 %a9p0  ?.301 7.28 45
2 1400 0.0 0 1?2.% b.l 2767 -0 5900 B8.21b b.?4 b8
3 1%00 i2.0 4 1b,3 7.0 3178 -0 5350 8,020 7.1b ??
+ 1400 23.5 B 1%.5 9,2 4173 -0 4200 7,483 7.85 124
5 1400 35.0 12 l12.8 10.3 4672 -0 3900 7.l01 8.06 168
b 1400 $?2.0 16 10,6 11,6 5262 -0 3b50 b.8b2 8,40 180
71400 58.0 20 9.1 12.9 5851 -0 3450 ?.60% 10.36 3gs
8 1400 0.0 24 6.8 14,7 bbb8 -0 3200 7?7.372 10,48 376
9 1%00 81.0 28 $.1 16.3 73494 -0 3100 ?.05% 10,70 bSe2
10 1+00 92.5 3e 2.2 17,7 8029 =) 2900 5.910 ?.54% b4
11 snn 0.0 0 18.5 2.6 1179 -0 4800 7,449 ?.35 46
12 1400 N.0 0 20.6 2.9 1318 -0 S4400 3.533 $.32 13
13 21ioo0 78,5 42 S.b 22.9 10387 =0 2550 65,566 3,25 bY7?
1% 2100 0.0 37 2.1 2l.6 9748 -0 2600 5.951 9,05 +91
15 2100 b0.0 31 8,9 18,8 8528 =0 2700 b,100 8,87 3gs
16 2100 S0.0 2b 10,5 17.2 7802 -0 2850 6,219 8.78 349
17 2iov 40.0 21 l2.2 14.8 6?13 -0 2850 b.242 8,77 379
18 2lino 3n.0 1l 13.6 13.0 5897 -0 2800 b.%32 8.59 314
19 <2100 e0.u 10 14,3 11,7 5307 -0 2850 b,.8b2 8.4%0 172
20 2100 10.0 5 15,7 11.1 5035 -0 2950 ?.4%03 7.96 104
2l 210w N.0 0 lb,2 10.% 4717 -0 2950 ?.409 ?.88 9%
22 500 N.0 0 18.9 2.4 1089 -0 4500 6,780 .47 4b
23 2100 0.0 0 20.7 3.1 1406 -0 7?5200 1.?7? 2,52 8
CALCULATED GRAM/HR WY, WEIGHTED GRAM/HR
MODE ALDE, HC co NO2 FAC. HP  ALDE. HC co NO2
1 0,0 38.3 1154 1.2 .0b? N.0 0.0 2.5b 7.0 .1
2 D.U 1l0%./ 2945 4,0 .0%0 n.o 0.0 4,19 117.8 o2
3 0.0 108.1 3273 5.2 .0%0 .2 0.0 4,32 130.9 .2
4 0,0 110.5 3978 10.9 .040 N 0.0 4,47  159.1 o4
5 0.0 117.1 4308 16,7 .040 .5 0.0 .69 172.3 o ?
b 0.0 l122.9 4667 2h.2 .0%0 o? 0.0 4.92 18b.7 .8
? n,o0 110.2 4908 ¥1.1  .040 .8 0,0 .41 196,13 l.6
8 nN,0 117.% S4b5 45,8 ,040 1.0 0.0 .70 218.b 1.8
9 0.0 1l2b.9 5833 8H,b ,040 1.1 0.0 5.08 233.,3 3.5
1n N.0 1h9.5 6977 90.0 040 1.3 0.0 b.78 279.1 3.6
11 0.0 37.1 1162 1.2 .0b7? n.o 0.0 2.47 ?7?7.5 el
ie 0.0 638,43 206 JE o L0%D 0.0 0.0 21.53 28.2 .0
13 n.0 L17%.7 2749  148.1 .040 1.7 0.0 2.03 310.0 5.4
14 0.0 1lbb.9 7717 10%.b 040 1.5 0.0 b.b8 308,.7 $,2
15 n.0 151,1 bBAa? ?2.0 .040 1.3 0.0 6,05 275.9 2.9
16 D.0  1%5,% B4 1Y 59.1 L0440 1.0 0,0 5,82 25b.b 2.4
17 0.0 12%.7? 5559 55.0 040 .8 0,0 4.99 222.% 2.2
18 0.0 107.9 SO0k 40,8 LD40 .b 0.0 4$.32 200.2 l.6
14 0.0 a7.3 +732 19,5  .0%0 .4 0.0 3,89 189,3 .8
20 0.0 ay,.9 4808 11.1 .0%0 .2 0.0 3.79 192.3 .4
21 0,0 B9, 3 4530 9.5 .0%0 0.0 0.0 3,57 181.2 4
22 0.0 33.3 1014 1.1 .0b7? 0.0 0.0 .22 b?.6 .1
23 0.0 BYS,.2 42? .3 .040 0,0 0,0 35.81 12.1 .0
CYCLE COMPOSITE HC 11.495 GRAM/BHP HR
co 305.4%73 GRAM/BHP HR
NO?2 2.530 GRAM/BHP HR
ALDE n.ooo GRAM/BHP HR
BSFC .793 LB/BHP HR
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JoI. CASE 159 G ENGINE NO 2207350
23-MODE EMISSIONS TEST RUN 4 2/1l1/7¢e

- o o e e 0 G0 S WD Gk R G e O B AR ) G e G R A3 S O GT 3 D D 9 G0 G S T S G O S AP O3 W g T e e U Op u en S @S TR N G5 GR UR WP GE R YR ID W R D M M @ W M0 W

UYNA, MAN, FUEL RATE WE1 CUNCENTRATION
MODE SPEED LOAD HP VAL, LB/HR GM/HR ALDE., HC co coe NO
1 500 0.0 0 18,7 2.6 1179 =0 5000 b.?10 ?7.58 L1
2 1400 0o 0 17,9 6.3 2858 -0 &l00 8,088 ?7.30 65
3 1400 11.5% 4 1be? 7.5 Ivoe =0 5bDD 7?7.800 7.85 L1
4 1400 23.0 8 15,1 8.9 4037 =0 4550 ?7.38%6 8,20 1%0
5 1400 35,0 12 13.e 10.2 4627 -0 4400 ?.151 8,38 172
b 1400 6.0 16 1l.8 1l.% 5171 -0 4200 6,917 B.b4 218
7?1400 58,5 20 9,1 13.% 607?78 -0 3?50 6,133 9.11 04
8 1400 0.5 2s 7.0 14,6 bb23 =0 3500 5.93b 9.30 412
Q1400 81,0 28 4,8 16,3 73494 =0 3400 S.S51 9.51 710
10 1%on 92.5 32 2.5 18,0 8165 -0 3100 5.%89 9.60 51b
11 500 N.0 n 19,1 2.7 1225 =0 5100 7?7.27% ?.bb 50
le 1400 0.0 N 20.5% 2.9 13158 =0 52800 3,764 4,37 9
13 2100 79.5 42 5,5 23.3 10569 =0 2900 S.bbY .67 7208
1+ e1nn 20,0 37 7.5 21.7? 9843 =0 3050 b.187 9.28 S1%
15 elan 0.0 31 8,8 19.5 8845 -0 3150 b.198 9.11 408
16 2100 50,0 2b  lD.4 17.7 g0eaq =0 3250 b,.,%00 9.09 374
1?7 2100 40,0 2L 1l2.1 16,1 7303 -0 3200 b.400 9,09 40?
18 2loo 30.5 16 13.3 14,2 bY41 -3 3200 b,335 9.10 407
19 Z21lno 20,5 1l 15,3 1e.l 54819 -0 3200 b,.83% 8,80 197
en  2lioo 9.0 € 1k.3 11l,e 5080 =0 3250 7?.4b0 B.27 109
21 ¢elnon 0.0 D lb.5 10.7 48SY% =0 3300 6,795 8,33 lo8
2R Sou U.0 0 19.1 2.8 1270 =0 4950 7,569 7.87 53
23 2100 0.n N 20,9 i.2 14592 =0 84000 1l.b53 1.43 8
CALCULATED GRAM/HE Wi WEIGHTED GRAM/HK
MODE ALDE, HC co NO2 FAC, HP ALDE, HC co NO2
1 0.0 39.9 1083 1.2 ,067 0.0 0.0 2.bb 72.2 .1
2 0,0 109,0 2919 3.9  L,0%0 0.0 0.0 4,36 llb.7? .2
3 0.0 117.5 3306 bob 040 .2 0.0 4.70 132,3 .3
4 n,n 114.5 3755 11,72 040 3 0.0 4,58 150,82 .5
5 N.0 127.5 4166 6.6 .040 .5 0.0 5.10 1b7.% o?
b 0.0 135.4 4523 23,5 L040 .b 0.0 S.4% 180.9 .9
? N0 L45,.9 4820 Leg.e  L0%0 .8 0.0 5.84% 192.8 2.1
] N.0  148,7 5094 Sg.2 L0040 1.0 0.0 5.9% 203,8 2.3
q 0.0 1e3.2 5383 1l13.2 ,0%0 1.1 0.0 be53 215.3 4.5
10 N,0 Jk%,3 SR?8 an.4  L,04%0 1.3 0.0 bs57 235.1 3.6
11 0.0 40,4 1165 1.3 .067 0.0 0.0 2.7?0 77.7 .l
ie N, 517.6 45 .3 .040 0.0 0.0 20.°71 29.8 .0
13 n.n 196.2 7739  i%9.0 ,0%0 1,7 0.0 ?.85 3049.5 bel
14 0.0 190.3 7?7499 i0b.S ,0%0 1.5 0.0 ?7.61 312.0 $.3
15 D.0 o 1784 2089 7b.?  LO40 1.3 0.0 ?.13 283.b 3.1
16 D.U 165,00 6563 b3, 1 040 1,0 0.0 b.b0 eb2.5 2.5
17 0.0 147.8 5972 LEZ.% 040 .8 0.0 5.91 238,19 2.5
18 0.0 130.9 5233 56,3 L0440 w6 0.0 5.23 208.3 2.2
19 0.0 110,1 4749 22.5 .0%0 -4 0.0 .40 190.0 .9
20 0,0 1ne.s 4768 11,5 ,0%0 .2 0.0 $.11 190.7 .5
2} 0.0 103,7? 4312 11.3  .U%0 D.0 0.0 $.15 172.5 .5
ee n.o 34,5 1219 1.4 .0b7 0.0 0.0 2.63 81,3 ol
23 n,0 1017,.2 Y0y .3 .0%0 N.0 0.0 40.b4 16,2 .0
CYCLE CQOMPOSITE HC 12,7294 GRAM/BHP HR
co 301,513 GRAM/BHP HR
NG 2 ?.84%1 GRAM/BHP HR
bLDE .000 GRAM/BHP MR
BESFC LBy LB/BHP HR
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J'.I. CASE 159 G ENGINE NOD 27?07350
23-MODE EMISSIONS TEST RUN 5 2/15772

DYNA . MAN, FUEL RATE WEl CONCENTRATIUN
T?eE-SPEED LOAD HP  VAC, LB/HR GM/HR ALDE., HC co coe NO
1 500 0.0 0 1?2.6 2.8 1270 -0 6500 6.957 7.02 48
e 1400 n.o 0 18.0 5,7 2586 -0 l0o200 9.08% b,10 38
iA%o0 i2.0 $ 1%.3  b.% 2403 -0 B200 9,130 b, 30 46
+ 1400 23.5 8 1%,5 8,7  394p -0 5900 8,792 2.03 84
5 1400 35.0 le 1e.8 9.b 4355 =0 5700 B8,%3Y% 7.20 104
b 1400 46,0 16 10,6 11.9 53498 -0 5500 8,081 7.38 133
? 1400 58.5 20 B8,% 13.3 6305 -0 .%950 ?.403 2.96 202
8 1l#on 0.0 2% 6.1 15,6 7076 -0 4650 7.101 8,06 249
9 1l%oo0 8l1.0 28 3.8 17.5 7338 -0 4200 b.3b? 8.b0 465
10 1%00 q9l1.0 32 2.3 172.9 8119 -0 4050 b.505 8.519 323
11 500 0.0 0 18,b 2.2 998 -0 b200 7.307 7.21 50
12 1%00 0.0 0 20.b 3.1 1406 -0 52800 3,474 4,76 15
13 2100 80.0N 42 $.0 2%.0 10886 -0 2200 5.689 Q.24 560
14+ 2loo 0.0 37 5.8 22.8 10342 -0 2300 b,078 8,95 474
15 2100 b0.0 31 8.3 19.8 8981 -0 2550 b.,873 B.o4 29¢
le 2100 50.0 26 10.0 17.5 72938 -0 %4200 ?.023 8.15 275
17 2100 40.5 21 1l.% 1k,2 2348 -0 %200 7,035 7.49 293
18 2lo00 30.0 16 13,3 13,8 bahkn -0 4250 7,343 7.81 e3e
19 2100 20.5 11 14,8 11,7 5307 -0 4800 B8,4%3% 7.20 8b
20 2)ao 1l.0 6 1b.5 10,3 4672 =0 4600 8,533 ?.08% 77
2l 2100 0.0 0 18.% 8.1 Ip 74 -0 l1lp000 ?.276 b.b3 82
2e 500 n.0 0 20.1 2.2 998 -0 b?700 b6.083 b.Rb 42
23 2100 0.0 n 21,2 3.1 1406 =0 B?2200 @2.b64%9 2.45 10
CALCULATED GRAM/RK Wi, WEIGHIED GKAM/HK
MODE ALDE, HC co NO2 FAC, HP ALDE, HC o) NUR
i 0.0 b, 4 1220 1.4 .087? 0.0 0.0 3.77 Bl.4 .1
2 0.0 1b3.0 2923 2.0 .040 0.0 0.0 bo52 1llb,.9 .1
3 0.0 14b.5 3295 2.7 .00 .2 0.0 5.86 131.8 .1
Y n.0 L1+1.8 4269 b.? 04D .3 0.0 S.b? 170.8 .3
5 n.0 1%3.2 4578 9.3 .L0%U .5 0.0 6,13 183.1 "
b 0.0 185.% 5504 14.9 040 .5 0.0 2.42 220,2 .b
? 0.0 19b.8 Gayg 2b.b  L,04D .8 0.0 ?2.87 237,8 1.1
8 f.0 210,5 b4qy 37.5 .040 1.0 0.n 8.42 259.8 1.5
q N,d0 Plb.? bb3b 79,7 .040 1.1 0.0 8.67 2b5.% 3.2
10 n.o 21¢.2 bHBY Sk.1 ,04D 1.3 0.0 8,49 275.% 2.2
11 n,0n 40,49 q73 1.1 .067 0.0 0.u 2.73 b4%.9 o1
le .0 549,5 230 .S .040 0.0 0.0 21.98 29.2 .0
13 0,0 158.1 8258 133.7 .040 1.? 0.0 b.32 330,3 5.3
1Y 0.0 155.9 8320 10b.,5 040 1.5 0.0 b.23 332,8 4.3
15 0.0 149.0 8113 Sb.? LO40 1.3 0.0 5.96 324.5 2.3
16 G.0 213.8 22082 46,5 .0%0 1.0 0.0 B.55 288.9 1.9
1? n.0 199.8 b?b1 4bh.2 040 .9 0.0 7.99 270.4 1.8
L8 n.o 170.8 5961 31,0 ,.040 .6 0.0 .83 238.5 1.2
19 0,0 1SH,.1 5610 9,4 ,04%0 " 0.0 b.,32 224%.4% W4
20 0.0 133.9 5019 7.4 .040 .2 0.0 5,36 00,8 .3
21 0.0 2b4.3 3598 se? 040 0.0 0.0 10,77 1%3,9 .3
22 0.0 49.1 901 1.0 L0b? 0.0 u.0 3,28 b0, 1 .1
23 n.o 887.4% 545 .3 .040 0.0 0,0 35.50 21.8 .0
CYCLE COMPOSITE HC 14,631 GRAM/BHP HR
co 332,815 GRAM/BHP HR
NU2 2.04%3 GRAM/BHP HR
ALDE 0.000 GRAM/BHP HR
BSFC .8082 LR/BHP HR
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Jo.I. CASE 159 G ENGINE NO 2707350
?3-MUDE EMISSIONS TEST RUN b 2/1lb/72

DYNA, MAN, FUEL RATE WET CONCENTRATION
MODE SPEED LOAD HP  VAC, LB/HR GM/HR ALDE, HC co coe NO
1 500 0.0 0 13.b 2.b 1179 =0 7000 b,150 be?l 41
¢ L%00 0.0 3 19,2 Yo7 2l3e -0 9500 8,071 6,51 40
3 1400 11.5 Y 1?7.% beS 2948 =0 b400 B.5%5 be9l b8
4 i400 23.0 8 15,6 2.8 3538 =0 5200 B8.24%8 ?7.37 107
S 1400 34%.5 l2 13.5 10.3 Y72 =0 4700 7?.b5¢2 7.71 150
b 1400 b5 16 11l.3 1ll.b Sebe -0 4550 ?7.4%83 ?7.95 187
? 1400 S8.0 20 8,9 13.% 6078 =0 %100 b.569 8.58 ELS S
¥ l%00 ?0.0 24 b.8 14,8 6?13 -0 3800 b,22% 8,70 358
9 1400 8l.5 29 4,3 17.0 7711 =0 3550 5.88b 9,06 bU3
10 L4no q1.0 3e 2.8 17.19 8119 -0 3I4S0 6,003 9,13 463
11 500 el 0 19.9 2. 1089 =0 bb0OD b.S4%1 6,90 L4
12 1400 0.0 0 ¢e0.5 3.0 1361 =0 55200 3,723 Y.25 13
13 e21nu 4.5 39 S.1 @2%.0 10886 -0 3150 6.013 8,9b 58¢
1% 2100 bb.al 35 6.5 2l.7? 4843 =0 3300 b.505 8.59 39k
15 <2100 55.0 24 8.2 19.3 8754% =0 3450 b.868 8.32 29¢
16 2100 $6.5 24 9.9 17,7 8029 =0 3550 b6,94%5 8,23 311
17?2 2lo00 38.0 egd 1l.6 15.¢ 6815 -0 3650 b.857 8,48 343
18 2100 2?.5 1% 13.% 13,0 5897 =0 3650 ?.320 8,13 189
19 2100 19.5 10 1l%.6 12.1 s4+89 =0 3650 ?,81ll ?.70 110
20 ¢21ng 9.5 5 16,5 9.8 $445 -0 %300 8,002 7.38 8?7
21 2100 0.0 0 18,2 7.2 3ebb -0 14800 ?.163 b.1lb ?9
2e 500 0.0 o0 19,7 2.5 1134 =0 b900 b.,4%1l% b.BY 40
23 2l00 0.0 0 21,2 2.9 1315 =0 BSb0O0 2.7¢21 2,55 140
CALCULATED GRAM/HK Wi, WEIGHTED GRAM/HK
MODE ALDE. HC co NO2 FAC. HP  ALDE, HC co NOg
1 u,.,0 bU,.9 1081 l.2 .0B7? 0.0 0.0 4.06 2.1 .1
2 0.0 130,.% 2237 1.8 ,0%0 0.0 0.0 5.21 89,5 .l
3 0.0 117.3 3lbe ‘.1 L0%0 .e 0.0 .69 12b.5 .2
4 0.0 11%.0 3653 7.8 .0%0 o3 0.0 4.5 l4b,1 .3
) 0.0 138,7 4561 1%.7  .N%0 5 6.0 5.55 18e2.4 b
b 0,0 150,86 5005 2.5 040 o7 0.0 6.03 200,2 .8
? 0,0 1lbU0.2 5183 t%.b .O04D .8 g.n b.%1 207.3 l.8
8 N, 1kb,? 5S1b 52.1 L,04%0 1.0 0.0 beb? 220.b 2.1
9 0,0 178,89 5993 10l.0 .040 l.1 0.0 ?7.1b 234,7 4.0
10 0,0 181,0 6363 8U.b .040 1.3 0.0 7.2% 25%.5 3.2
11 n.o 51.0 1020 l.2 ,0b? 0.0 u.0 3.40 68.0 .1l
le 0., 55b.b 758 4 L0%0 n.o 0.0 ¢2e2.27 30.3 .0
13 n,0 ¢e24%.3 8650 13?.5 .040 l.6 0.0 B.97 3I4b.0 5.5
14 0,0 ¢2l0,.b6 8387 83.9 .04%0 1.4 0.0 8,43 335.5 3.4
15 N,0 19%,.4% 7819 S4+.,? .040 l.2 0.0 7.?8 3le.? 2.2
1b n,n 183,5 7251 53.% 040 1.0 0.0 ?.3% 210.0 2ol
17 N, 160,3 6n8e S0.0 L0440 .8 0.0 6.4l 24%3.3 2.0
18 N.0 13b,1 5618 23.3 040 b 0.0 S5.45 220.6 .9
19 n.u 1¢eb,e 5455 l2g.b 040 4 0.0 5.05 218,¢ 5
2n n,0 120,19 4543 8.2 ,D40 .2 0.0 .83 181,.7 «3
2l n.o 3eb,b 31493 S.8 .040 0.0 0.0 13.06 127,7 .2
ee u,0 56,1 1054 1.1 .087? 0.0 0.0 3.7 ?0.3 o1
23 n,n 814,e 5e3 .3 .0%0 0.0 8.0 32.57 20,9 .0
CyCLt COMPOSITE HC 14,4497 GRAM/BHP HR
co 3¢b,.163 GRAM/BHP HR
NO2 2.3b68 GRAM/BHP HR
ALDE 0.000 GRAM/BHP HR
BSFC «AlY LB/BHP HR
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APPENDIX H

STATES INCLUDED IN NORTHERN, CENTRAL
AND SOUTHERN REGIONS FOR THE PURPOSE
OF REGIONAL MASS EMISSIONS ANALYSIS



THREE REGIONS OF THE U, S. AS DEFINED

Northern Region

Idaho

Maine
Minncsota
Moentana

New Hampshire
North Dakota
Oregon
South Dakota
Vermont
Washington
Wisconsin
Wyoming

FOR REGIONAL EMISSIONS ANALYSIS

Central Region

Colorado
Connecticut
Delaware
Dist. of Columbia
Illinois
Indiana

Iowa

Kansas
Kentucky
Maryland
Massachusetts
Michigan
Missouri
Nebraska
Nevada

New Jersey
New York
Ohio
Pennsylvania
Rhode Island
Utah

Virginia
West Virginia

Southern Region

Alabama
Arizona
Arkansas
California
Florida
Georgia
Louisiana
Mississippi
New Mexico
North Carolina
Oklahoma
South Carolina
Tennessee
Texas
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