EPA-670/2-74-092 :
December 1974 Environmental Protection Technology Series




EPA-670/2-74-092
December 1974

CRANKCASE DRAINAGE FROM

IN-SERVICE OUTBOARD MOTORS

By

Charles T. Hare
Karl J. Springer
Southwest Research Institute

Department of Emissions Research
San Antonio, Texas 78284

Contract No, EHS 70-108
Program Element 1BB038

Project Officer

Thomas J. Padden
Office of Research and Development

U.S. Environmental Protection Agency
Washington, D, C. 20460

NATIONAL ENVIRONMENTAL RESEARCH CENTER
OFFICE OF RESEARCH AND DEVELOPMENT
U,S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268



REVIEW NOTICE

The National Environmental Research Center --
Cincinnati has reviewed this report and approved its
publication. Approval does not signify that the contents
necessarily reflect the views and policies of the U, S,
Environmental Protection Agency, nor does mention of

trade names or commercial products constitute endorse-
ment or recommendation for use.

ii



FOREWORD

Man and his environment must be protected from
the adverse effects of pesticides, radiation, noise and
other forms of pollution, and the unwise management of
solid waste. Efforts to protect the environment require
a focus that recognizes the interplay between the com-
ponents of our physical environment--air, water, and land.
The National Environmental Research Centers provide this
multidisciplinary focus through programs engaged in

e studies on the effects of environmental
contaminants on man and the biosphere, and

® a search for ways to prevent contamination
and to recycle valuable resources,

The research reported here provides data on which
estimates of total outboard motor crankcase drainage could
be based. Data available prior to this study were inadequate
for such estimates. The estimates are needed as back-
ground information for other EPA studies dealing with effects
of outboard motors on the aquatic environment.

A. W. Breidenbach, Ph.D.
Director

National Environmental
Research Center, Cincinnati
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ABSTRACT

Crankcase drainage from 35 outboard motors was measured during
normal operation on two lakes in the San Antonio area. The motors
included a variety of sizes and brand names, and they were tested
under prolonged constant-speed conditions as well as cyclic speed
conditions designed to simulate user operation in the field, Four
engines of the same group were also tested with a drainage inter-
cepting and recirculating device,

Drainage was measured by both mass and volume, and results were

also computed in mass per unit time (g/hr) and percentage of fuel
consumed by weight and by volume., Analysis of some fuel samples

was conducted by gas chromatograph, including a few in which drainage
was mixed with fuel by the recirculating device mentioned above. Photo-
graphic documentation of the test engines, the drainage systems, and
test/measurement techniques was also obtained.

Based on measurements obtained during this study and estimations on
the current outboard motor population, a range for the national total
crankcase drainage emissions was estimated. It was also found that the
major causes of variation in drainage rates were engine type, engine
operating speed, and differences from one engine to another of the same
type (or a similar type).

This report was submitted in partial fulfillment of Research Contract

EHS 70-108, under the sponsorship of the Environmental Protection
Agency, Office of Research and Development.
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SECTION I
CONCLUSIONS AND RECOMMENDATIONS

1. Outboard motors with overboard drains have not been produced since 1971.

The following conclusions are applicable only to drain type outboard motors
produced prior to 1971. A1l outboard motors manufactured after 1971 are drain-
less so total drainage emitted will decrease slowly as older engines are retired
from service. Outboards are very rugged, however, so it is expected that drained
engines will be operating in significant numbers for many years to come.

2. Crankcase drainage rates varied considerably from one engine type to an-
other, and also between identical or similar engines.

3. Drainage rates generally varied inversely with engine speed, and drainage
as a percentage of fuel used also generally varied inversely with engine speed.

4. Ignition tuning did not appear to affect drainage rate significantly, but
carburetor adjustments seemed to have a measurable effect.

5. As classified by crankcase drainage characteristics, the total engine
population is (statistically) two separate populations, an Qutboard Marine
Corporation (OMC) group and a "non-OMC" group.

6. Based on the major assumptions: (1) that the engines tested in this study
are a valid sample of the total outboard population, (2) that outboards operate
50 hours per year, (3) that outboards spend equal time in the five steady-state
sampling conditions employed for this study, (4) that OMC and non-OMC populations
are statistically separate, (5) that 55 percent of engines in operation are of
OMC manufacture, and (6) that fuel density is 0.87 times drainage density; the
following can be deduced for drained engines:

(a) Drained engines consume about 600 million gallons of fuel per year.

(b) The estimated OMC population average crankcase drainage is between
3.19 and 7.51 percent by weight of fuel consumed.



(c) The estimated non-OMC population average crankcase drainage is be--
tween 0 and 2.76 percent of fuel by weight.

(d) The estimated average drainage of the total population of drained
engines is between 1.8 and 5.4 percent of fuel consumption by weight.

(e) The OMC population emits between 9.2 and 22 million gallons of
drainage per year; the non-OMC population emits between 0 and 6.5

million gallons; and total drainage is between 9.2 and 28 million

gallons per year.

(f) At speeds of 1500 rpm and lower, it can be stated with 95 percent
confidence that the OMC population average crankcase drainage is between
11 and 23 percent of fuel consumed by weight. The corresponding limits
for the non-OMC popuiation are 1.4 and 4.6 percent.

(g) At speeds of 1500 rpm and Tower, it is estimated that drainage
from the OMC population totals between 6.4 and 13 million gallons;
that drainage from the non-OMC population is between 0.5 and 1.8
million gallons; and that one-half to three-fourths of total annual
drainage occurs at engine speeds of 1500 rpm and lower.

7. For the "non-OMC" engines tested in this study,* the range at high speed
was from amounts too small to measure (under 0.1 percent) to over 8 percent,
with a mean of about 0.8 percent. Only one engine had drainage at high speed
which was over 0.2 percent, so the median (0.066 percent) probably character-
izes the central tendency better than the mean. The range of drainage af '
idle (in weight percent of fuel consumed) was from under 0.3 percent to almost
20 percent, with an arithmetic mean of about 7 percent.

8. For the OMC engines in this study,* the range of drainage at high speed
was from under 0.3 percent to about 6 percent, with a mean of about 2 per-

*
The results of this study are not pertinent to outboard motors produced
since 1971.



cent. The range of drainage at idle (expressed as weight percent of fuel
consumed) was from under 1 percent to over 42 percent. One half the engines
had drainage of 21 percent or greater, with an arithmetic mean of about 20
percent.

9. In assessing potential for environmental impact on a body of water, the
overall percentage based on the assumed usage cycle is not adequate. Some
bodies of water, for instance, may be populated almost exclusively by non-QOMC
engines; while others may have the opposite situation. A given body of water
may also be subject to something other than the "average" drainage because
engines are run mostly at low speeds in that area (places such as inlets,
marinas, and troll-fishing locations).

10. At least one device is available commercially which will intercept drain-
age, and a model which recycled the intercepted drainage was given a limited
test. Analysis of fuel mixed with drainage indicates that it contains a higher
percentage of heavier fuel components than fresh gasoline does. The tests were
not extensive enough to determine whether or not the drainage recycling process
causes any change in engine performance.

11. In order to make the best usage of the drainage data, it would be nec-
essary that a boat usage survey be conducted to supplant the usage assumptions
used in this report. Such a survey should be designed to gather time-in-mode
data on a variety of boats (perhaps 1000 or more) distributed all over the
country, as well as total operating time data.

12. Drainage data acquired during this study and similar information from
other research efforts are probably adequate for estimating drainage from
engines in service. No further testing specifically for drainage quantity
is recommended.

13. More extensive evaluations of commercially-available drainage interception/
recirculation devices could be made.



SECTION II

INTRODUCTION

The purpose of this research project was to determine the amount of
crankcase drainage emissions from a number of outboard motors and
to estimate the national total of such emissions. Thirty-five motors
were tested. They were drawn from the population in service in the
San Antonio area, and care was taken to obtain data during conditions
as representative of user operation as possible. Motors tested were
all water-cooled and represented all the major manufacturers. Testing
was conducted in or near San Antonio, with the smaller motors being
operated on the contractor's small lake and the larger ones on Medina
Lake {about 30 miles west of San Antonio).

Two-stroke cycle outhoard engines (which do not have oil injection
systems) rely on oil pre-mixed with their fuel supplies for lubrication.
Proper lubrication of moving parts requires that some condensation of
gasoline/oil vapors must occur in the crankcase, and the liquids con-
densing tend to accumulate after some period of time unless the en-
trance to one of the transfer passages is in the lowest part of the crank-
case. An accumulation of these liquid materials can cause poor perfor-
mance or a condition called "hydraulic lock', in which the engine would
be inoperative and might be damaged (hydraulic lock prevents the pistons
from moving)., Some new engine designs incorporate the low transfer
passage design, and the remaining new engines use an internal recir-
culating system to collect the accumulated liquids and introduce them
directly into the cylinder to be vaporized and burned. This project,
however, concerns itself primarily with engines manufactured between
the early 1950's and mid~1971 which disposed of liquid drainage by
allowing it to mix with the exhaust stream and be released into the water.

Figure 1 is a simplified schematic diagram of a 2~stroke gasoline engine
(reed-valve type) which shows how the crankcase drainage systems of

the older engines operate, Figure la shows the engine during the com-
pression stroke, and at the same time the crankcase is in its intake
phase, with the inlet reed valve open and the drain check valve closed.
Figure 1b shows the engine during the power stroke, and the crankcase
is in its compression phase, with the inlet reed valve closed and the
drain check valve open. Since both the inlet reed valve and the drainage
check valve are pressure-actuated, flow into and out of the crankcase
depends on crankcase pressure. When crankcase pressure is low (during
compression stroke), mixture is inducted into the crankcase and drainage
can collect over the check valve., When crankcase pressure is high

4
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(power stroke), liquid and some gaseous materials are forced from
the crankcase through the check valve, The inlet reed valve is rela-
tively large with a typical diameter of 1 inch (25mm); and it requires
only a small pressure differential to be opened. The check valve is
smaller, however, with a typical diameter of 0.1 inch (2. 5mm); and

it requires a rather high pressure differential for opening. These
valve characteristics mean that relatively large gas/vapor flows can
be accomodated by the inlet reed valve but that only smaller(by volume)
flows of liquid (plus some gases and vapors) can pass through the
drainage check valve,

Design of drainage systems and their physical layouts varied consid-
erably over the range of engine types tested. The Mercury and Chyrsler
engines which were tested incorporated small check valves for drainage
control, and the OMC engines used small leaf (or reed) valves, Location
and diameter of the drainage passages also varied from engine to engine.
Most of the OMC systems utilized internal passages with external access
to the check valves themselves for inspection or cleaning. Chrysler and
Mercury systems were generally a mixture of internal passages and ex-
ternal lines. The design of the systems used on the test engines will be
documented in detail in a later section of this report.

This study was not the first work on drainage emissions from outboards,
so it is appropriate to review at this point materials available in the
literature(l-6)* and try to resolve some of the apparent lack of agree-
ment in the previous work (data tabulated in Table 1).

References 1 through 6 contain 48 usable drainage data points on 17
outboard motors, while other reports and articles available (7-18) con-
tain only restatements of data published elsewhere or information which
does not bear directly on drainage quantity. The usable data from other
sources are shown in Table 1, and it should be noted that three of the
engines were tested by engine manufacturers (total of 18 data points) and
the remainder (14 engines, 30 data points) by other agencies or groups.
Drainage data for Chrysler and Mercury outboards listed in Table 1 agree
very well with the experimental results of this study. Data on drainage
from OMC engines (Johnson, Evinrude, and Gale) shown in Table 1 gen-
erally indicate higher values than the engines tested in this study. No
information is available to assess the reasons for these differences,

The data in Table 1 exhibit very strong variation with engine épeed and

*Superscript numbers in parentheses refer to list of References at
end of report.



Table 1. CRANKCASE DRAINAGE DATA FROM OTHER INVESTIGATIONS

Data Drain Data Drain
ref. Engine Rpm % ref. Engine Rpm s
1 1965 Chrys. 9.2 hp 800 20. 2 Johns. 33 hp 1000 40.8
1000 19, 2000 39.9
1250 21, 3000 28.3
2000 18.
2500 14, 3 Merc 50 hp 750 4,5
3000 9. 1000 4.0
4000 5. 2000 0.6
4800 3. 3000 0.04
1 1965 - 50 hp 800 14, 4000 0.03
1000 25,
1250 15, 4 1971 Chrys 35 hp 750 24.0
1500 14, (avg. 2 runs) 1000 20.6
3000 0.5 2000 3.6
5000 0.5 3000 0.4
1 1961 Evin., 60 hp 1000 55.6 4000 0.4
2000 53.8
4000 1.7 5 Chrys. 35 hp 1000 11.0
1 1963 Johns. 5 hp 1500 1.6 (avg. 2 runs) 1500 8.2
1 1965 Johns. 33 hp 1500 31,2 2000 3.4
1 1964 Johns. 64 hp 1500 54,7 3000 0.7
1 1959 Evin. 50 hp 1500 53.1 4000 1.0
1 1961 Gale 40 hp 1500 31.2
1 1967 Merc. 95 hp 600 2.3 6 Evin, 33 hp 1000 28.3
1 1966 Merc. 50 hp 600 1.6 (avg. 2 runs) 2000 6.6
1 1959 Merc. 40 hp 600 1.6 2500 7.4
1 1968 Merc. 125 hp 600 2.0 3000 3.0




from engine to engine, and this variation has previously caused doubts
as to validity of the whole range of data. Although no specific analysis
of the Table 1 data has been made, the existence of variation due to the
same parameters has been documented by this study. This finding lends
more credibility to previously-obtained data, although documentation of
many previous tests is not adequate for assessing the validity of specific
data points. If the data discussed in this section say anything strongly,
it is that simplistic generalizations (such as using one data point to pro-
ject a nationwide total for drainage emissions) about drainage rates
must be regarded with suspicion,



SECTION III

EXPERIMENTAL METHODS AND EQUIPMENT

Design of the test procedure used in this project required simulation
of user operation of outboards, development of sample acquisition and
handling methods, and attention to calculation methods and presentation
of data, It was decided that the tests would include steady-state motor
operation at idle, maximum or rated speed, and several intermediate
speeds, as well as cyclic motor operation. It was also decided that
tests would be conducted both before and after tuning the engine to de-
termine the effect of tuning on drainage. Data acquired during steady-
state operation proved useful in showing the effect of engine speed on
drainage rate, while those obtained during cyclic operation probably
related more closely to drainage which occurred from engines used to
gather time-in-mode data. Data obtained during various steady-state
conditions can also be weighted according to time-in-mode data to cal-
culate cycle composite drainage,

The only hard data available on ocutboard motor usage are in the form

of survey data compiled by Outboard Marine Cor gora’cmn (19, 20), The
first part of this survey was conducted in 1971(19) and the second part

in 1972(20), The second part of the data was received by SwRI in Sep-
tember of 1972, after some of the outboards had already been tested
under the subject program, When the second part of the data was re-
ceived, the operating schedule for the outboard testing was consequently
revised somewhat. The engines tested using the first operating schedule
included Numbers 2 through 9, and all the others (1, 10 through 35) were
tested using the second operating schedule. Engine Number 1 was re-
tested late in the program (after use of the second operating schedule had
begun) because it was discovered that the crankcase relief valve cover
plate gasket had been defective, causing erroneous results for engine 1
as first operated.

The motor usage survey data as supplied by OMC are given in Table 2,
including both parts mentioned above. To avoid using a number of engine
test conditions corresponding to the intervals used in the OMC data (11
intervals), it was considered advantageous to regroup the percentages on
larger intervals, Table 3 shows averages of the OMC data (both the first
part alone and the whole survey) according to engine size categories, and
five test conditions were finally decided upon. Two of the test conditions
had already been chosen, namely, normal idle and maximum rpm (or
manufacturer's rated rpm, if lower). The other three conditions were to
fall between idle and maximum rpm, and were to be as representative of

9
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Table 2, OUTBOARD MOTOR USAGE SURVEY DATA FROM OM

cli9,29)

Percent operating time in rpm interval (rpm in hundreds)
_ . Boat Test 5- ] 10- ] 156- ] 20- | 25- | 30- | 35- | 40- [ 45- | 50- | 55-
Unit | Size, hp | Length, ft Type hours |10 15 20 |25 |30 | 35 40 | 45 50 | 55 |60
a
A 125 17 Runabout | 16.72 | 34 | 12 3 5 6 | 14 | 12 | 10 3 1 ] --P
a
B* 100 17 Runabout | 11.56 | 32 | 20 7 3 1 7 113 | 11 4 2 | --b
ca 100 18 Runabout | 48.94 | 24 | 14 4 2 1 4 |11 | 33 5 2 | --P
D* 55 23 Cruiser 24.30 | 4 [ 19 | 15 5 ) 2 8 | 37 8 o | --P
{Dual)
E 50 16 Runabout | 14.24 |13 | 19 5 |10 5 | 10 7 [ 10 5 {11 5
F 50 20 Cruiser 13.56 | 5 | 12 | 11 5 5 |12 | 24 | 22 2 1 1
(Dual)
G 40 16 Runabout | 14.44 | 3 | 13 | 12 7 3 |13 |13 | 19 |12 5 |--P
(Dual)
H2 9.5 16 Fishing 21.56 | 6 | 13 | 10 6 6 9 8 | 19 | 18 5 |--P
I 9.5 14 Fishing 14.24 {12 | 11 7 9 3 9 5 | 25 |15 a |--P
J 9.5 14 Fishing 10.2¢ | 4 |11 |12 Ji19 |11 |25 |15 3 o }--b|--P
K 9.5 14 Fishing 10.16 | 9 | 11 9 4 4 9 {22 |19 |12 |--P |--P
Total all motors 199.96

T Motors included in first part of survey, hours total 123.08.
b Motor would not attain this rpm due to boat load, propeller, etc.



Table 3a.

OVER MOTOR SIZE RANGES, FIRST PART OF SURVEY ONLY

OUTBOARD MOTOR USAGE SURVEY DATA AVERAGED

(19)

Rpm range

Percent operating time in rpm range

Engines 50 hp and over

9.5 hp Engine

500-1000 21.9 5.9
1000-1500 15.7 12.6
1500-2000 6.8 9.8
2000-2500 3.3 6.4
2500-3000 2.2 5.8
3000-3500 5.7 8.9
3500-4000 10.6 8.3
4000-4500 27.4 18.9
4500-5000 5.4 18.0
5000-5500 1.0 5.2
5500-6000 0.0 0.4

TOTALS 100, 1 100.2
Table 3b. OUTBOARD MOTOR USAGE SURVEY DATA AVERAGED

OVER MOTOR SIZE RANGES, ENTIRE SURVEY(20)

Percent operating time in rpm range for engine size(s)

Rpm range 100 hp and over 50-55 hp 40 hp 9.5 hp

500-1000 30 7 3 8
1000-1500 15 17 13 12
1500-2000 5 10 12 10
2000-2500 3 7 7 10
2500-3000 3 4 3 6
3000-3500 8 8 13 13
3500-4000 12 13 13 12
4000-4500 18 23 19 16
4500-5000 4 5 12 11
5000-5500 2 4 5 2
5500-6000 0 2 0 0

TOTALS 100 100 100 100

11



normal operating conditions as possible,

Looking at the data in Table 3a, it was assumed that operation under

1000 rpm represented idle and that operation over 5000 rpm repre-
sented full speed. The remainder of the speed range was divided into
three parts for large engines: 1000-2000 rpm, 2000-3500 rpm, and
3500-5000 rpm, These ranges were characterized by their medians
(1500, 2750, and 4250 rpm, respectively); and the medians were termed
"low speed', 'low mid-speed', and "high mid-speed', respectively,

For small engines, the ranges were 1000-2000, 2000-4000, and 4000-
5000 rpm. These ranges were also characterized by their medians
(1500, 3000, and 4500 rpm, respectively), and the terms in which these
speeds were stated were the same as for the larger engines. Low speed
was considered to be typical of trolling and maneuvering in small boats
and typical of maneuvering in larger boats. The mid-speeds were con-
sidered typical of maneuvering and cruising for small boats and typical of
a transition speed (not much used) and cruising or skiing for larger boats.,
Table 4a shows the operating conditions and time-based weighting factors
developed from data given in Table 3a, Note that data for the 9.5 hp engine
were used to derive the conditions for the '"Under 20 hp' category and
that the average of data for the 9.5 hp engines and the '"50 hp and over"
group was used for engines in the ''20-45 hp'' category (in lieu of appli-
cable data).

The data in Table 3b were treated very much like those in Table 3a to

arrive at the second set of operating conditions. Examining the survey

data as a whole, however, indicated that changes should be made as shown
in Table 4b. The major changes from 4a to 4b are in the greater amount

of timne at '""high speed" and "low mid-speed', and the smaller time at

""high mid-speed'. This change in the distribution of operating time came
about as a result of the additional data collected in the second part of the
usage survey. Data for the 100 hp and Over'" column of Table 3b were

used to develop data in the corresponding column of Table 4b, and the per-
centages in the last column of Table 3b were used to develop the figures

in the "Under 20 hp'" column of Table 4b, Data in the ''50-55 hp'" column

of Table 3b were used to compute the percentages in the '"50-95 hp'' column
of Table 4b, and the averages of data in the ''50-55 hp" and ''9.5 hp'' columns
of Table 3b were used to derive values in the '20-45 hp" column of Table 4b.
Data from the '"40 hp'' column of Table 3b were not used, but their use

would have tended only to reduce "'idle'' percentage and increase "high speed'
percentage slightly in the '"20-45 hp' category. The time percentages were
used to derive 20-minute test ''cycles'' having nine modes (modes 1 and 9 at
'idle", 2 and 8 at "low speed'’, 3 and 7 at "low mid-speed', 4 and 6 at "high
mid-speed", and 5 at '"high speed''), with the total length of time at each
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Table 4a.

TEST CONDITIONS DERIVED FROM FIRST PART

OF OMC USAGE SURVEY DATA--USED FOR TEST ENGINES 2-9

Engines 50 hp and over| Engines 20-45 hp | Engines under 20 hp
Condition Speeds % of time Speeds |% of time | Speeds | % of time
Idle Idle 22 Idle 14 Idle 6
Low speed | 1500 22 1500 22 1500 22
Low mid. 2750 11 3000 16 3000 21
High mid. 4250 44 4500 44 4500 45
High speed | ----2 1 ----2 4 -—---a 6

aMiddle of rated speed range for engines 20 hp and over, top of rated
speed range for engines under 20 hp.

Table 4b. TEST CONDITIONS DERIVED FROM ENTIRE OMC
USAGE SURVEY DATA--USED FOR TEST ENGINES 1, 10-35

Percent of operating time at condition
for engine category

Condition Speed | 100 hp and over § 50-95 hp 20-45 hp |Under 20 hp
Idle Idle 30 7 8 8
Low speed 1500 20 27 24 22
Low mid. 2750 14 19 24 29
High mid. 4000 30 36 32 28
High speed ----2a 6 11 12 13

2Middle of rated speed range for engines 20 hp and over, top of rated
speed range for engines under 20 hp.

13



condition defined by the percentages given in Table 4 and the 20-minute
cycle length. These cycles did not necessarily represent average motor
operation in the field, but they were based on the limited amount of
usage data currently available,

Some variations in the designated speeds occurred for several engines
due to differences in idle speeds, differences in maximum speeds which
could be obtained, and so forth, In order to document the actual speeds
at which each engine was run, Table 5 includes these data as well as
model year, manufacturer, and rated horsepower for each motor tested.
An explanation is in order on engines designated 15 and 15a., Engine 15
performed well in testing, but after run 12 it appeared to overheat. The
problem was a burned head gasket, which was the first visible sign of
block erosion between the cylinder liners on the right bank, The entire
powerhead was replaced with a new unit for a 1968 Evinrude 65 hp motor;
and due to this extensive repair, the rebuilt unit was considered as a
separate engine for analysis purposes. KEngines 24 and 27 were converted
from drainless, to drained configuration for test purposes, because at
that time, difficulty was being experienced in obtaining small motors

for tests, Engines 30 and 31 were converted from drainless to drained
configuration prior to their receipt by SwRI. The representativeness of
these converted engines in describing drainage from the population of
engines in the field will be discussed in a later section of this report.

One of the goals of this project was to represent the major brands and
models of engines in use as well as possible, and the data presented in
Table 6 give some indication of the degree to which this goal was achieved.
The group of test engines is probably weighted somewhat more heavily
toward OMC motors than is the case with the national motor population,
but this lack of agreement reflects the availability situation in the San

Table 6. DISTRIBUTION OF TEST ENGINES
BY MANUFACTURER AND SIZE

Hp range Chrysler® Mercury OMC Subtotals
0-18 1 2 12 15

20-44.9 1 0 6 7

45 & up 4 5 5b 14

Subtotals 6 7 23 Total 36

3Includes two similar ''Sea King'' engines marketed by Montgomery Ward.
bincludes engines 15 and 15a as separate engines,

14



Table 5. OUTBOARD MOTOR SPECIFICATIONS AND OPERATING SPEEDS
Engine rpm in cycle modes (speeds)
Test engine 1 &9 2 & 8 3&7 4 &5 5
(Low

No. Description (Idle) | (Low) | mid.) | (High mid.)] (High)

1 |1965 Johnson 9.5 hp {1000 1500 2750 4000 4700

2 |1960 Evinrude 18 hp 800 ﬁ 3000 4000 4500

3 ]1966 Johnson 33 hp 700 3000 4500 4800

4 1965 Mercury 65 hp 650 2750 4250 4250

5 |1954 Evinrude 15 hp |1000 3000 4000 4500

6. |1965 Sea King 50 hp 900 2750 4250 4750

7 11959 Mercury 45 hp 1000 2750 4250 5000

8 |1968 Johnson 40 hp 800 2750 4300 4300

9 |1961 Johnson 40 hp 1000 3000 4500 5000

10 |1967 Evinrude 80 hp 900 2750 4000 5000

11 |1971 Chrysler 55 hp 900 * 4 4600
12 |1953 Johnson 10 hp 1000 4500

13 |1967 Johnson 33 hp 800 4500/ 48000
14 1968 Mercury 95 hp 900 5000

15 1963 Gale 60 hp 1000 5000
15A°}1968 Evinrude 65 hp |1000 5000

16 {1964 Mercury 65 hp | 1000 4400/5000P
17 |1963 Mercury 85 hp 900 5000

18 1968 Evinrude 85 hp 800 5000

19 1971 Chrysler 45 hp 800 4450

20 |1968 Sea King 45 hp 900 4000 4750

21 [1953 Johnson 25 hp 850 3500/3700P | 3500/3700b
22 |1960 Johnson 75 hp 1000 4000 4200/5000b
23 1970 Chrysler 5 hp 900 4000 4400
242 |1972 Evinrude 9.5 hp |[1000 4000 4600
25 1971 Johnson 9.5 hp 900 3900 3900
26 {1970 Johnson 6 hp 1100 3800/3900b | 3800/3900P
272 11972 Johnson 9.5 hp 1000 4000 4000
28 {1971 Evinrude 9.5 hp |1000 A 4500
29 1967 Mercury 6 hp 1000 5400
302 {1971 Mercury 9.8 hp | 700 4600/4500P
312 [1972 Evinrude 18 hp |1000 5000
32 1971 Chrysler 35 hp 1000 4750
33 1966 Johnson 40 hp 1000 4500
34 |1971 Evinrude 9.5 hp | 900 Y Y 4250
35 {1964 Evinrude 9.5 hp | 900 1500 2750 4000 4350

E;_Origina.lly drainless engine converted to drained configuration for tests.

b Maximum rpm before/after tuning.

€ Rebuilt version of Engine 15 (powerhead).
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Antonio area. The only survey data on engine population by manufacturer
which seems to be available currently“S) shows percentages by manu-
facturer for a sample of owners at Lake George, New York. These data
show 56 percent for OMC, 25 percent for Mercury, and 15 percent for
Chrysler, as compared to the sample tested in this program with 17 per-
cent Chrysler, 19 percent Mercury, and 64 percent OMC, With proper
weighting of numbers of engines sampled, representing an assumed pop-
ulation distribution of motors should not be a problem, Another part of
the distribution problem, of course, is that 2-cylinder Mercury engines
(drained type) cannot be sampled without rather extensive engine disas-
sembly and modification. Engine 29 was purchased by SwRI so these
steps could be performed without asking too much of a private owner, and
the modification will be detailed in Section IV,

Aside from engine parts modified to permit collection of drainage samples
(which will be discussed in Section IV), very few major items of equip-
ment were needed for this project, Several of the necessary equipment
items are shown in Figures 2 and 3. Figure 2 shows the insulated con-
tainer used for holding a sample bottle in the water bath while samples
were being taken (the sample bottles used were of 125 ml, 250 ml, or

500 ml capacity depending on the engine and condition being sampled).
Figure 3 shows several pre-weighed fuel cans on the floor of the boat and
the tachometer on the seat between the operator's knees. This tachometer
operated by integrating pulses from one spark plug, which were coupled
to the meter circuitry inductively through a cable flexible enough to pass
between the motor housing and the rubber weatherstrip on the top motor
cover, Other necessary items were stopwatches for timing the runs,
scales for weighing fuel cans before and after runs to determine fuel
usage, and a laboratory scale for weighing sample bottles before and
after sample collection.

The tuning which was performed on the test engines consisted of new

spark plugs in all cases, check and replacement of points where neces-
sary, check and adjustment of timing if necessary, and check and adjust-
ment of carburetor jet settings where necessary., Consequently, a sub-
stantial stock of spark plugs and other small parts was consumed during

the course of the project. The other major items consumed were tubing
used for sample lines, outboard motor oil, and gasoline. The oils were

all "BIA Certified Service TC-W'" with brand name corresponding to the
engine under test, and they were mixed with fresh gasoline in concentrations
as recommended by the engine manufacturers (see data sheets, Appendix A).
The gasoline used was a leaded commercial regular grade (''Good Gulf"),
stored in sealed 55-gallon drums, and was as uniform in specifications as
possible to prevent variation in drainage due to fuel composition.

16



Figure 2. Insulated container for sample bottle
and water bath used during tests

Figure 3, Engine undergoing drainage test, showing
drainage tube, pre-weighed fuel cans,
and tachometer (on seat)
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SECTION IV

ACQUISITION OF DRAINAGE DATA IN THE FIELD

Crankcase drainage data were acquired on the test engines during
operation at one of two possible field locations. Most of the tests on
small motors were conducted on a small pond located within the In-
stitute grounds, as shown in Figures 4 and 5, This pond was too small
to operate craft powered by engines over 10 hp, so the tests of larger
motors were conducted at Medina Lake, about 30 miles west of San
Antonio. The lower end of Medina Lake is shown in Figure 6.

Most of the experimental work performed on this project occurred
between August 1 and December 31, 1972 and between October 15 and
December 15, 1973, The work proceeded rather slowly at first in
1972, while procedures were still being ironed out, but accelerated

to the point at which three to four engines were being tested per week.
Toward the end of both the 1972 and 1973 programs, work slowed again
due to undesirable weather and difficulty in acquiring motors con-
sidered necessary to filling out the test group.

One of the challenges of the project was locating the external access
points of various drainage systems, and modifying motor parts to
permit acquisition of samples without changing the amounts of drainage
the engines normally emitted. A schematic of a typical drain system
is shown in Figure 7a. Some engines used check valves, while others
used small reed valves; but the '"one way'' operation was essentially
the same. Instead of a cover plate, several engines had an external
line running from the check valve to the passage leading into the motor
leg. Samples were acquired from these engines by disconnecting the
line at one end and extending the line to the sample bottle, while ex-
tending a line from the other sample bottle tube back to the point where
the original drain line had been disconnected. The sample bottle/water
bath and a modified cover plate are shown schematically in Figure 7b.
The vapor return line was employed on as many engines as possible to
keep the pressure against which the drainage flowed as much like the
real (unmodified) situation as possible, but vapors were simply vented
to the atmosphere from the sample bottle for a few engines (24, 26, 27
and 29).

In total, nine distinct types of modifications were used to acquire drain-
age samples, beginning with a modification of the diamond-shaped OMC
cover plate shown in Figures 8 through 10. Figure 8 shows the modi-
fied plate installed on Engine Number 1, Figure 9 shows the outside

18



Figure 4., First view of Institute Figure 5, Second view of Institute
pond used for small motor tests pond used for small motor tests

Figure 6, Lower end of Medina Lake viewed
from private boat-launch area
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Figure 8. Installation of tachometer Figure 9. (Top to bottom) crankcase
leads and special plate for re-routing relief valve cover plate, gasket, and
of crankcase drainage, engine 1 reed plate similar to those widely

used on OMC engines

ot
Figure 10.*Inside faces of same parts Figure 11, Modified reed plate used
shown in Figure 9 to extract drainage from OMC 15 hp

and 18 hp motors (engines 2 and 5)
21



faces of the stock drainage reed plate and cover plate, and Figure 10
shows the inside faces of the same parts. The modified cover plate

had a web added to separate the reed valves from the hole whichleads
down into the motor leg, and a modified gasket was made to seal

this partition, In operation, both gaseous and liquid drainage com-
ponents were routed out of the chamber covering the drainage reed
valves to the sample bottle, and gaseous constituents were routed back
to their normal outlet., This modified plate was used to collect drainage
on Engines 1, 3, 8, 9, 12, 13, 21, 25, 28, 33, 34, and 35, which were
OMC twins.,

The second type of modification involved the modified reed plate shown
in Figure 11, and it was used on Engines 2 and 5 (OMC 18 hp and 15 hp
twins, respectively). Figure 12 shows the surface on which the modi-
fied plate was mounted, and the drainage channel was blocked between
the tubes shown in Figure 11 to direct the drainage into the collection
system., The tube further to the right in Figure 11 permitted gases to
escape through the normal drain passage,

In modifying 4- and 6-cylinder Mercury engines, the external drainage
line from the upper pair (or pairs, in the case of 6-cylinder engines) of
cylinders was disconnected and extended to the sample collection system.,
Another line was attached at the point where the stock line was discon-
nected to serve as a return line for gases, and a typical installation is
shown in Figure 13. The line leading from the fitting mounted on the
engine block at center is the drainage line, and the one joined to the ori-
ginal neoprene tube is the return, This system, or one similar to it,
was used for Engines 4, 7, 14, 16, and 17. The drainage point from the
lower pair of cylinders on all these Mercury engines was inaccessible,
so the measured drainage was multiplied by 2 (for 4-cylinder motors) or
1.5 (for 6-cylinder motors) to estimate the total drainage, Figure 14
shows a schematic of the Mercury drainage systems (6-cylinder motor
shown).

The system required for the 35 to 55 hp Chrysler and Sea King motors
is shown in Figure 15, In these cases, the neoprene tube shown at
center was disconnected from the fitting directly under the rectifier
stack and then extended as shown with transparent tubing to form the
sample line. The gas return line is shown attached to the downstream
fitting mentioned above., This modification was used on Engines 6, 11,
19, 20, and 32,

The modification made to OMC V-4 engines, shown in Figures 16 through

19, involved changes to the inlet manifold. The stock manifold and the
reed block are shown in Figure 16, while Figures 17 and 18 show two
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Figure 12. Front face of crankcase Figure 13, Drainage re-routing
half, engine 2, showing normal system typical of those used on 4-
crankcase drainage channel and 6-cylinder Mercury motors

(engine 14 shown)
3rd cylinder pair \ B

3rd check valve

2nd cylinder pair —&
2nd check valve —A

1st cylinder pair —a

sampling point |

O.’
l1st check valve 3
(in block) T
drain to motor : Y\
leg (in block)
Figure 14. Schematic of drain Figure 15, Crankcase drain tube
system, Mercury 6-cylinder motor for engine 6, plus (transparent)

collection tube and gas return tube
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Figure 16. Engine 10 (OMC V-4) par-

tially disassembled, showing drainage

reed valves below ports in reed block

(left) and stock inlet manifold (lower
right)

Figure 17. Modified OMC V-4

inlet manifold, showing blocked

drain channel, two drain holes,
and one return hole

Figure 18, Outside of modified OMC
V-4 inlet manifold, showing drain tubes
(left and right), gas return tube (center),

and blocked manifold pressure tap
(appears white, left)

24

Figure 19. Modified inlet manifold
installed on engine 10, showing
routing of drain and return tubes
(two drain tubes join at the tee
just inside motor cover)



views of the revised manifold. The principle used here was again the
blocking of normal drain passages, diverting drainage into the sample
collecting system and permitting gases to escape through the return
line and into the motor leg. Figure 19 shows the installation of the
modified part as well as drainage and return lines. The modified V-4
inlet manifold was used for tests on Engines 10, 15, 15a, 18, and 22.

Another type of modification was required for Engine 23, the only small
{under 20 hp) Chrysler motor tested. This engine used a system of two
check valves (one per cylinder) mounted in the crankcase bleed valve
cover plate as shown in Figure 20. Once again the normal drain chan-
nels were blocked to re-route sample through collection tubes to a tee,
and then on to the sample bottle. The gas return line was installed
downstream of the blocked channels, as usual, Figures 21 and 22 show
mounting position for the plate and the installation of the modified part,
respectively. ’

In order to test Engines 24 and 27 (1972 models), it was necessary to
convert them to a drained configuration since they were origainlly
drainless. These engines were tested only because no older engines of
the same type could be located at the time (late 1972). As discussed in
Section IV, the validity of converting drainless engines is somewhat in
doubt, The method employed was to block the channels through which
drainage was normally recycled as shown in Figure 23 and to install
the modified inlet manifold shown in Figure 24 to permit acquisition of
samples. Figure 25 shows the modified part installed, and it should be
noted that both the lines are drain lines. The complexity of the mani-
fold did not permit installation of a gas return line, so gaseous com-
ponents of the drainage were simply vented to the atmosphere. Engines
30 and 31 were also originally drainless, and they had been modified
for acquisition of samples prior to their receipt by SwRI.

The modification required for Engine 25, an OMC 6 hp model, again was
in the inlet manifold as shown in Figures 26 through 28. Figure 26
shows the exterior of the manifold with the single drain tube, and Figure
27 shows the same part from the inside. Due to the proximity of the
drainage reed valves to the internal (downstream) drain passage, it was
impractical to use a gas return line on this engine; and gases (not li-
quid) were vented to the atmosphere from the sample bottle. Figure 28
shows the front face of the inlet reed plate of Engine 25, the surface on
which the inlet manifold was mounted.

The last engine tested in 1972 was Number 29, a Mercury 6 hp unit; and

it required more extensive disassembly before drainage could be mea-
sured than any other test engine, Figure 29 shows the bottom surface of
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Figure 20. Modified and stock crankcase bleed
valve plates for a 1970 Chrysler 5 hp outboard

Figure 21. Mounting position for Figure 22. Modified crankcase
crankcase bleed valve plate on a bleed valve plate installed on a
Chrysler 5 hp outboard Chrysler 5 hp outboard
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Figure 23. Modified inlet manifold Figure 24. Modified inlet manifold
moved back on engine 24 to show check used for tests on engines 24 and 27
valve and blocked passages

Figure 25. Modified inlet manifold Figure 26. Modified inlet manifold
installed on engine 24 used for tests on engine 26, out-
side view
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Figure 27. Modified inlet manifold Figure 28. Front face of inlet reed
used for tests on engine 26; inside view plate, engine 26

Figure 29. Bottom surface of power- Figure 30, Connector added to
head, engine 29, showing crankshaft check valve on engine 29 for
and check valve acquisition of sample
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the powerhead, with the internally-splined crankshaft at center and the
drain check valve right of center (forward of the crankshaft, as assem-
bled). In normal operation, drainage simple dropped into a conical
recess surrounding the upper end of the driveshaft and was free to mix
with exhaust and cooling water below that point. The modification made
is shown in Figure 30 and consisted of sealing (with epoxy) a small
brass connector into the recess where the check valve was mounted.

The small tube was then attached to the connector and routed out of the
motor leg through a hole drilled for the purpose. No gas return line
was employed on this engine. It should be noted that the modification
described here, or some similar effort, would have been necessary for
measurement of drainage from the lower pair of cylinders on all the
other Mercury engines tested, Engine 29 was purchased by the contrac-
tor so the extensive work could be done, because it was not considered
reasonable to ask private owners for permission to do such work on their
engines,

In addition to the drainage measurements on the entire group of test
engines, the contract included a cursory assessment of a commercially-
available drainage interception and recirculation device. This assess-
ment included brief studies of effectiveness and ease of installation, and
some tests to determine influence on engine performance. The device
is shown disassembled in Figure 31 and consists of the lower chamber
(upper left in photo), dividing plate with float valves (lower left), and
upper chamber (shown inverted at bottom right of photo). In operation,
drainage entered the upper chamber through the off-center fitting, gases
were vented to the atmosphere through the center fitting, and liquids
accumulated over the dividing plate until one (or both) of the float valves
opened. The lower chamber, which is essentially an expansion of the
stock fuel line, acts as a mixing zone for the drainage and incoming
fresh fuel. A typical permanent installation of this device is shown in
Figure 32 with a 9.5 hp motor, and the temporary installation used for
a 40 hp motor is shown in Figure 33.

In terms of total effort expended, the crankcase drainage measurements
alone represent some 175 hours of engine operation, and evaluations of
the drainage interception/recirculation device required about another 30
hours of test time., These figures do not include performance checks,
warm-up runs, and other operations which are estimated to total perhaps
100 engine hours. Due to the small size of the pond used for the small
motor tests, boats were constrained to operate in a continuous large
circle. On Medina Lake, however, a standard test course was estab-
lished to prevent variations in engine performance due to wind direction,
This standardization was not necessary on calm days, but it was used
uniformly as a precautionary measure,
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Figure 31, Crankcase drainage inter- Figure 32, Crankcase drainage inter

ception/recirculation device disassembled ception/recirculation device
as installed on a small boat

Figure 33. Crankcase drainage interception/recirculation
device installed (temporarily) on a larger boat
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As fadditional documentation of the tests, photographs of most of the
engines were taken. These photos are included as Appendix B of this

report.
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SECTION V

CRANKCASE DRAINAGE RESULTS

The test data acquired during field work are given in Appendix A of

this report, along with some statistics calculated from the test data.
Supplementary details about the motors and boats tested (such as serial
numbers, dimensions, and names of owners) are a matter of record but
are not considered necessary for this report, Although some indication
of motor condition is provided by notes in Appendix A, a more definite
statement may be helpful. A summary of the conditions of the motors,
judged by how well they operated, is given in Table 7. Note that these

Table 7. SUMMARY OF OPERATING CONDITION OF TEST ENGINES

Condition Engine numbers

Good 1, 3,5, 7, 8 9, 10, 11, 13, 14, 15/15A, 17, 18, 19,
20, 23, 24, 27, 28, 30, 33, 34, 35

Fair 2, 4, 6, 12, 21, 22, 29, 31, 32

Poor 25, 26

judgements were not made by comparison to a specific set of cr1ter1a, so
they should be regarded as somewhat subjective.

In an effort to evaluate the effects of engine tuning on crankcase drainage,
it was planned to run the test motors both before and after tuning. In
fact, 26 of the 35 motors were tested before and after tuning, with the
remainder requiring tuning or repair before they would operate properly,
As a general rule, tuning consisted of a spark plug change, a check of
timing and condition of points, and test operation to determine optimum
carburetor adjustment (if different than the adjustment in ""as received"
condition). Looking at the tuning changes individually, it becomes evi-
dent that the only one which should be expected to change the drainage
rate is carburetor (F/A ratio) adjustment. The other tuning operations
could be significant if they resulted in a different throttle position for
the same crankshaft speed and if this different position caused a change

in fuel/air ratio.
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Although no data are available on crankcase drainage as a function of
ambient conditions, it has been suggested that cooler air temperatures
should produce more drainage. The subject study did not address itself
to this specific point, and thus no data were acquired on any one engine
over a range of ambient conditions., Ambient temperatures during the
tests ranged from 60°F to 90°F (16°C to 32°C). Any effect air tempera-
ture may have had on the results of this study is probably masked by
engine-to-engine variations, so the matter remains undocumented.

The experimental data show that tuning caused little change in drainage,
except that due to major carburetor adjustments. For the 25 motors
tested both '""as received' and "after tuning' (not including 15/15A, which
was extensively rebuilt), the drainage during cycles from 17 motors de-
creased and that from 8 motors increased after tuning. Drainage from
15 motors changed by 10 percent or more (of the initial value) during
cycles, with 9 decreases and 6 increases. Drainage during steady-state
conditions exhibited changes due to tuning which were very similar to the
changes in cycle drainage discussed above, As an average for all 25
motors tested before and after tuning, drainage decreased by about 4 per-
cent of the ""as received' value when the motors were tuned. Using these
statistics as basis, it appears that engine tuning has at best only a weak
influence on drainage. Consequently, the remaining data analysis will
neglect tuning as a variable and consider all similar runs (all idles, all
cycles, etc.) together for each engine.

Summaries of the drainage data are provided in Tables 8 (in g/hr) and

9 (in weight percent of fuel consumed). Note that in these tables the
motors are listed first by groups of similar engines and then numerically.
Engines which may have been defective (drainage samples contained water
or engine ran poorly) are listed together at the ends of these tables. Note
also that all engines in a particular group are not necessarily identical
but have at least a basic design in common, The older OMC engines which
form group 6 utilized a pressure tank in lieu of a fuel pump, and the pres-
sure tank feature may have had some influence on the amounts of drainage
emitted due to diversion of part of the gas and vapor components to the
fuel tank. Group 4 is perhaps not obviously homogeneous, but it becomes
more so by noting that the Sea King engines tested in group 4 (manufac-
tured by West Bend) bore an unmistakeable resemblance to Chrysler
engines of similar size. Whatever the reason for this commonality of
design is, it is strong enough to consider the engines as a group.

Although there is generally a great deal of variability in drainage within
engine groups, several particular situations warrant further comment,

In group 1, it appeared reasonable to include drainage from Engines 24

and 27 with the rest of the OMC 9. 5's because their average drainage
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Table 8. CRANKCASE DRAINAGE FROM TEST ENGINES IN g/hr

Motor

Drainage in g/hr and fuel usage in kg/hr at condition

Group Motor ldle Low speed Low mid., High mid. High speed Cycle

group description number Drain Fuel Drain Fuel Drain Fuel Drain Fuel Drain Fuel Drain Fuel
1 OMC 9,5 hp 1 194, 1.70 | 254. 2,08 | 17s. 3.45 22,2 4.56 60.3 5.03 88,2 3,47
twins 243 148, 0.93 154. 1.36 99,2 2.66 39.6 3,81 36,2 4,08 89.7 2.72

272 626, 1.91 570, 2.38 144, 2.99 45.0 4,17 | mememe | aeme- 213, 3.06

28 520, 1.41 587. 2,00 | 186, 2.8l 52,6 4,31 78.6 4.54 241. 3,02

34 398, 1.23 | 454, 1.71 285, 311 56,0 4,32 61,4 4,48 230. 3.18

35 166, 1,17 257, 1,62 192. 3,02 40.8 4,33 46.6 4, 44 143, 3,13

Average 342, 1.39 | 379, 1.86 181, 3. 01 42. 7 4,25 56.6 4.51 167. 3,10

2 OMC V-4 10 1140, 5. 41 784, b.4b 76.8 11.4 140, 15.6 303, 21.9 349. 12.5
engines 15 2450, 5.77 | 2210. 5,39 | 1350, 10,0 1220, 13.3 1510, 19.3 1520. 10.8

15A 1410, 4.01 | 1390, 5,29 122, 8.62 150. 10.8 900, 17.6 576. 9.73

18 1430, 5.69 | 1410. 7.11 864. 10.3 831, 19.0 1360. 22.6 1070. 13.4

22 1200, 3.71 | 1320, 4,97 | 1070, 12.1 882, 14.6 480, 19.7 1030, 10.5

Average | 1520, 4.92 | 1420, 5.84 | 696, 10,5 645, 14,7 910, 20. 2 908, 11.4

3 30 to 40 hp 3 440, 1.79 | 294, 2.91 95.2 5.15 55. 4 9.22 68.6 | 10.2 116, 6.38
OMC twins 8 331, 2,34 143, 3,18 35,2 5,26 32.9 G S S S 80.9 7.23
13 627, 2.97 | 357, 3,95 108. 5,75 58, 8 8. 07 84,8 9,93 201, 6.24
33 87.6 | 1.85 50,1 | 2,44 19.6 3,75 17. 4 7.24 34,8 | 10.4 36,8 5,19

Average 371. 2.24 211. 3,12 64.5 4.98 41,1 8,91 62.7 10,2 109, 6,26

4 35 to 55 hp 6 275, 1.45 13.8 | 2.8l 4.4 7.16 7.0 | 12.9 12,0 | 18.1 56.0 7.61
Chrysler and 1l 219, 1.79 11.4 | 4.56 1.3 6.99 | -=-e- b | 0.8 0.8 | 1b.3 12.8 7.92
Sea King twins 19 7.1 2.7 3.0 | 3.44 0.8 7.29 | ----- b | 10.3 5.9 | 13.9 3.3 7.87
20 306, 2,00 31.0 2,79 3.2 6.02 1.4 8,66 11.4 13.3 38,7 6,87

32 17.8 | 2.25 8.3 ] 3.53 5,1 5.95 4.6 8.47 3,0 10.9 6.4 6,35
Average 165, 2.05 13.5 3.43 3.0 6.68 2.6 10.2 6.6 14.5 23,4 7.32
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Table 8, (continued).

CRANKCASE DRAINAGE FROM TEST ENGINES IN g/hr

Drainage in g/hr and fuel usage in kg/hr at condition

Motor Group Motor Idle Low speed Low mid, High mid. High Speed Cycle
group description number Drain Fuel Drain Fuel Drain Fuel Drain Fuel Drain Fuel Drain Fuel
5 4- and 6-cyl, 4 41.1 2,31 66.6 6.12 96.8 11.2 19.8 14,8 | —----- | w---- 61.2 1.7
Mercury 7 18.8 2.34 14.8 2,95 22.4 6.65 10.4 8.16 6.8 10.9 12,2 5,92
engines 14 72,4 1.75 174, 5.33 98.1 10.3 46,2 15.4 30.9 25.4 89.6 1.7
16 135, 3.52 38,4 5,19 28.5 9.95 11.2 1.2 13,6 20,1 30,6 11.6
17 87.1 | 3.36 | 164, 6.17 40.0 9,04 | ----- b 12,6 | ----- b [ 18.1 55.3 | 10.0
Average® 59.1 | 2.66 76.3 | 5.16 47. 6 9. 43 14.6 | 12.4 10.3 | 18.6 41,5 | 10.2
6 OMC twins 5 61.6 1.46 102, .67 31.4 3.95 37.0 5.03 50,2 6. 06 54,6 3,71
using pressure 12 302. 2.9 228, .1 184, 4.4 50.4 6.9 41.1 8.6 11l 4,0
tank (older) 21 31.4 3.70 8.3 7. 44 10,5 8.98 13.4 10.3 | =-ws-m } m-eo- 9.6 8.35
7 OMC 18 hp 2 157, 1.26 186. 2.31 76.9 4.35 23.0 5.68 17.7 6.36 74. 4 4.71
twins 3,2 128, 1,79 56,2 2,21 39.7 3,68 35.8 5,43 33,8 6,83 45, 8 4,17
Average 142, 1,52 121, 2,26 58.3 4.02 29.4 5.56 25,8 6.60 60.1 4, 44
Miscellaneous
{(Chrysler 5 hp) 23 74.0 0.78 2,2 0.75 66. 4 1.50 266, 2.38 230, 2.45 124. 1,60
(Mercury 9,8 hp) 302 63.5 0.49 65,2 0.73 68, 4 .60 10,8 2,24 11.0 3,22 26.9 1,73
Defectived
(Johnson 40 hp) 9 334, 3.18 425. 4,20 218. 7.77 72.8 10.6 28.6 13.2 186, 8.30
(Johnson 9,5 hp) 25 12.8 1.60 8.1 1.94 9.0 3.31 44.1 4,49 | -e-cee f e-ee- 25.5 3.06
{Johnson 6 hp) 26 17.8 0,64 37.1 0,88 9.5 1.45 3.6 2,27 | -==-=== | =-=-- 10.7 1,54
{Mercury 6 hp) 29 44,2 0.57 35.5 0.82 130. 1.00 125, 1.22 17.0 1.81 69.6 1.11

4 Originally drainless engine converted to drained configuration for tests.

Too small to measure.

¢ Based on assumed 4-cylinder engine,

Water in samples or very poor operation,
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Table 9,

CRANKCASE DRAINAGE FROM TEST ENGINES

IN WEIGHT PERCENT OF FUEL CONSUMED

Motor Group Motor Drainage in weight percent of fuel consumed

group description number Idle Low speed | Low mid. | High mid. | High speed | Cycle
1 OMC 9.5 hp 1 11.5 12,5 5,22 0.510 1.21 2.54
twins 242 16.4 11.4 3.81 1.06 0.894 3.30

272 33.0 24,1 4,81 1.08 | e--a- 6.94

28 37.1 29.5 6.60 1.24 1.73 8.04

34 32,4 26,7 9.17 1.38 1,37 7.24

35 14,1 15.9 6.29 0,943 1.06 4,55

Average | 24.1 20. 0 5.98 1.04 1.25 5,44

2 OMC V-4 10 21.0 12.0 0.692 0.897 1.38 2,80

engines 15 42.4 41.0 13.4 9.23 7.80 14,2

15A 35,2 26. 4 1.39 1.40 5.11 5.92

18 25,3 19.7 8.08 4,33 6.01 7.93

22 32.1 26.6 8. 86 6.09 3.88 9.80

Average | 31.2 26.9 6.48 4. 39 4.84 8.13

3 30 to 40 hp 3 24,8 10,1 1.84 0.601 0.671 1.82
OMC twins 8 14,2 4.52 0.665 0.335 | = ~e--- 1.12

13 21.2 9.05 1.89 0.733 0.854 3.22

33 4,64 2.08 0.516 0.240 0.336 0,709

Average | 16.2 6.44 1.23 0.477 0.620 1.72
4 35 to 55 hp 6 19.7 0. 445 0,062 0.054 0.066 0.734
Chrysler and 11 12,3 0.375 0.02 | ----- b 0.01 0,161
Sea King twins 19 0.257 0.044 0.010 | ----- b 0.045 0.042
20 15.3 1.11 0.054 0.016 0.087 0.564

32 0.785 0.244 0.084 0,055 0.028 0,101
Average 9.67 0. 444 0. 046 0.025 0.047 0.320




Table 9., (continued),

CRANKCASE DRAINAGE FROM TEST ENGINES
IN WEIGHT PERCENT OF FUEL CONSUMED

Motor Group Motor Drainage in weight percent of fuel consumed
group descr@tién number Idle Low speed | Low mid, High mid. High speed Cycle
5 4- and 6-cyl. 4 1.76 1.09 0.864 0.134 } = ----- 0.521
Mercury 7 0.825 0.508 0.336 0.129 0.062 0.205
engines 14 1.76 2,18 0.636 0.201 0.081 0.510
16 3.85 0.737 0.285 0.165 0.068 0.263
17 2.59 2. 91 0.439 | ----- b ----b 0.560
Average 2,16 1.48 0.512 0.126 0.053 0.412
6 OMC twins 5 4,21 6.08 0.784 0.734 0.840 1.48
using pressure 12 10,6 7.27 4,16 0.722 0.480 2,76
tank (older) 21 0.983 0.108 0,106 0.138 | = ----- 0.115
et Average 5.26 4,49 1.68 0.531 0.660 1.45
7 OMC 18 hp 2 11.6 7.79 1.76 0.400 0.276 1.56
twins 312 7.12 2.57 1.08 0.661 0.515 1.13
Average 9.36 5.18 1.42 0.530 0.396 1.34
Miscellaneous
(Chrysler 5 hp) 23 9.62 0.308 4, 44 11.2 8.47 .84
(Mercury 9.8 hp) 30% 12.9 8.87 4,29 0.48 0.35 1.56
Defective®
{Johnson 40 hp) 9 10,6 10.1 2,81 0,693 0,220 2,23
(Johnson 9.5 hp) 25 0,781 0.414 0,273 0,988 | = ----- 0,833
{(Johnson 6 hp) 26 2,87 4.19 0.678 0.771 | -~ 0.671
(Mercury 6 hp) 29 7.82 4.29 12.9 10.4 0.933 6.28

& Originally drainless engine converted to drained configuration for tests.

Too small to measure,
€ Water in samples or very poor operation.



was much like that of the rest of the group. This inclusion was ques-
tioned on technical grounds earlier due to the differences in carburetion
on the drain-controlled models, but the objection does not appear to be
justified by the data in this case. To be on the safe side, however,

data from converted drainless engines will not be used in estirnating
national drainage totals later in the report., In two other situations
(Engines 15 and 9), drainage appeared to be far from the group norm
(higher for Engine 15 and lower for 9), but no defect in the engines could
be found which might have affected drainage. These two engines were
accepted as representing some of the variability to be experienced in
drawing a sample from private ownership. In general, drain percen-
tage from groups ! and 2 was comparatively high; that from groups 4
and 5 was comparatively low; and drain percentage from groups 3, 6,
and 7 was somewhere in the middle.

In group 4, motors 19 and 32 exhibit much lower drainage at idle than

the other three in the group. Since it is known that Chrysler (and Chrys-
ler-like) motors utilized a partial drainage control system in years prior
to total control, it must be assumed that the characteristics of the partial
control systems changed enough from one model or year to another to
produce different drainage patterns. Engine 31 was included with Engine
2 to form group 7 under essentially the same justification as used to
include Engines 24 and 27 in group 1.

There is no real basis for averaging drainage or fuel mass rates across
group 6, but the average given in Table 9 is of drain percentages for
which a certain common ground can be assumed (engine design features).
The same reasoning shows that there is no justification for averages of
drainage or fuel consumption over the "miscellaneous" and ''defective"
groups. Going a little further into the interpretation of '"defective', the
primary criterion for placing a motor in this group was presence of
water in the drainage samples. Water in the drainage indicates leakage
of the bottom crankshaft seal, and it can usually be assumed that drainage
can escape where water can leak in. If drainage escapes through the seal
and is not measured, the reported results would understate drainage from
that engine. Motor No, 26 was placed in the defective category because
it simply did not run very well and would probably have been repaired be-
fore being used again in the field,

Figures 34 and 35 are presented to show data from Tables 8 and 9 graph-
ically. Figure 34 shows average drainage rates from groups 1-5 and group
7 as recorded in Table 8, including drainage both as a function of crank-
shaft speed and during cycles. In terms of total drainage rates, group 2
(OMC V-4's) stands apart at the high end of the scale, Groups 1 and 3
(OMC 9.5 hp twins and OMC 30-40 hp twins) occupy the middle of the scale,
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and the other groups (7, 4, 5) are fairly close at the low end. Drainage
during cycles is indicated by the arrows at the right side of the graph.

In Figure 35, group 2 shows the highest percent drainage rates, fol-
lowed closely group 1. The other percentage rates are scattered down
the scale, and the cycle averages are given at the right as in Figure 35,
Both Figures 34 and 35 show a strong variation in drainage with engine
speed and engine type. The percentages are more strongly dependent

on engine speed than the mass rates are, of course, since fuel consumption
increases sharply with engine speed (and power output). In Figure 35,

an extra data point (at 1200 rpm) is shown for group 4 (35 to 55 hp Chrys-
let twins)., Several engines were run at this condition after it had been
observed that drainage underwent a very sharp drop between idle and 1500
rpm for this group, in an attempt to define the curve more precisely in
the transition region.

Drainage from cyclic operation of the ''miscellaneous’ and "defective'"
engine groups fell into the same range as that from groups 1 to 7. The
range for these extra groups was from 0.67 percent to 7.84 percent of
fuel by weight recovered as drainage, as compared to a range from 0, 10
percent to 14, 2 percent of fuel by weight for individual engines in groups
1l to 7. As mentioned before, however, drainage from some (or all) of
the ""defective'' engines may be understated by the data; because some
drainage could have escaped into the water without being collected.

Drainage emitted from three of the '"defective' engines (Nos. 9, 25, and
29) did contain water, as documented by Figures 36 through 38. The
water appeared to be physically mixed with drainage to some extent, and
further ""settling'' of the two layers occurred when the samples stood

for several days., Several methods were employed to separate the hydro-
carbon and water phases, including decanting and absorbing the aqueous
phase with a dessicant, The most successful technique was removal of
the aqueous phase through a long hypodermic needle, permitting the
remaining fuel-based material to be measured volumetrically and to be
weighed in the normal manner. The white appearance of the water layer
in Figures 36 through 38 was apparently due to partial mixing of water
and hydrocarbon materials, causing a certain amount of emulsification.
After an extended period without agitation, some clarity returned to the
water phase, with more change being evident for those samples which
contained more water than drainage,

After the initial series of tests had been conducted (through Engine No,
29), attempts were made to re-acquire Engines 9 and 25 for further tests
(Engine 29 stayed in the contractor's possession). These attempts failed
to locate the engines, but further tests were run on Engine No, 29 in a
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Figure 36. Typical sample from Figure 37. Drainage samples from
engine 9 showing water layer motor no. 25 showing water
under drainage layers under fuel-based material

Figure 38. Drainage samples from engine 29 showing
water layers under fuel-based material
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stationary tank., The tests showed that water present in the drainage
was leaking into the crankcase from the water in which the engine was
operated (presumably through a seal or crack). This conclusion was
reached by tracing a compound added to the tank water supply into the
drainage, indicating that at least part of the water consisted of leakage
rather than condensation of atmospheric moisture. No conclusions
were possible, of course, for Engines 9 and 25.

It is considered to be of interest that of the 35 engines tested, three

did have water in the drainage, indicating leakage through crankshaft
seals. This result indicates that the entire population of outboards may
contain a considerable number of engines having crankshaft seals which
leak.
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SECTION VI
RESULTS OF TESTS USING A DRAINAGE

INTERCEPTION/RECIRCULATION DEVICE

As part of the subject research program, it was requested that the con-
tractor run limited tests intended to gather data on the operability and
effectiveness of a commercially available drainage interception/recir-
culation device., Photographs of the device have been presented in Sec-
tion IV (Fighres 31 to 33), along with a discussion of its operation. The
device was tested on four motors in all, specifically those numbered 9,
18, 28, and 29 in the drainage survey (OMC 40 hp twin, OMC 85 hp V-4,
OMC 9.5 hp twin, and Mercury 6 hp twin, respectively).

If the recirculating device is connected to the engine according to in-
structions, it intercepts all the drainage materials (except possibly from
some Mercury motors) and returns the liquids to the fuel supply. Gases
and vapors are simply vented to the atmosphere. Referring back to
Figure 7 (Section IV), the unit intercepts drainage in the same way as the
bottle shown in Figure 7b, but gases and vapors are released to the atmos-
phere instead of being returned to the motor leg, The exception noted
above for some Mercury motors is based on the construction of the Mer-
cury drain systems, shown schematically in Figure 14. Hardware sup-
plied with the device for use with Mercury 4- and 6-cylinder motors con-
sists of a ''tee'" and some tubing., The "tee'" is inserted in the drainage
line at the place called "sampling point" in Figure 14, which permits
drainage from the upper pair(s) of cylinders to be diverted to the recir-
culating device if pressure in the drainage line is sufficiently higher than
atmospheric. Since both the run and the branch of the tee are open, how-
ever, drainage materials could still escape via their normal route if that
were the path of least resistance. No provision or instruction supplied
with the device indicates that any attempt is made to intercept drainage
from the lowest pair of cylinders, since doing so would require removal
of the powerhead from the motor leg and some modifications. This pro-
blem also means that the device will not work on 2-cylinder Mercury
motors unless they are modified like Engine 29 was modified for this

project.

Noting that the gas and vapor components of the drainage are vented into
a region of atmospheric pressure from the upper chamber of the recir-
culating device, it is possible that the amount of liquid collected from an
engine equipped with a device may exceed the drainage from one which
is unaltered. Referring back to Figure 1, crankcase drainage valves
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(either check valves or leaf valves) are opened by pressure differen-
tial from the crankcase to the system downstream of the valve, In
unaltered condition, the system downstream of the drainage valve is
usually a passage leading to the motor leg. Due to the flows of ex-
haust and water through the motor leg, its internal pressure must be
somewhat higher than atmospheric, This line of reasoning shows that
the pressure head against which crankcase pressure pushes to open
the drainage valve is lower when the intercepting device is installed,
making it plausible that engines with intercepting systems installed
pass somewhat more drainage through the valve than stock engines do.

The initial testing of the four motors mentioned earlier with the device
installed consisted of short-term cyclic operation. Each engine was run
on several 20-minute and/or 40-minute cycles, with time in each oper-
ating condition apportioned according to Table 4b, Total operating time
in these initial tests was 4 hours 20 minutes each for Motors 9 and 18,

4 hours for Motor 28, and 1 hour for Motor 29, The presence of the
device had no noticeable effect on engine operation during these short
tests,

Longer-term tests were conducted with the interception/recirculation
device connected to Motors 18 and 29, The tests on Unit 29 included
cycles, timed accelerations, and extended idle and low speed operation.
This engine was of particular interest because it had been observed to
emit some water along with fuel-based drainage material, as discussed
in Section V and as shown in Figure 38, It is assumed that water in the
drainage resulted from a defective lower crankshaft seal. The schedule
of tests used for Engine 29 is shown in Table 10, along with data on
acceleration times and points at which fuel samples were taken. The
operation of the engine did not seem to be affected by the presence of the
recirculating device during these tests, but Figures 39 through 43 pro-
vide some insight into effects which would have resulted from even longer
operation.

Figure 39 shows the test tank and equipment used for the steady-speed
evaluation procedure. Figure 40 shows the interception/recirculation
unit after about one hour of operation at 2750 rpm, and the drainage

level in the top chamber was about 0.7 inch (the view ports were installed
for better visualization of device operation). Figure 41 shows the unit at
about 90 minutes of operation, just before the drainage material began to
enter the lower chamber through the float-controlled valves. Figure 42
was taken about five hours into the test and Figure 43 at the end of the
stationary test (5 hours 43 minutes), Both these figures show the water
layer building up in the top chamber. Engine 29 did not emit a great

deal of drainage or water, so it was considered impractical to continue its
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Table 10, TEST SCHEDULE FOR ENGINE 29 (WITH AND WITHOUT INTERCEPTION/RECIRCULATION) DEVICE

Device Description of Time at Acceleration Fuel Boat or
Run installed operation Start End times, seconds Sample tank test
1 No Cycle® 0 20m | ~eecmememeeea 10 Boat
Idle - 5400 rpm accel, 20m | --=--- 4,0 | emmeea
Idle - 5400 rpm accel, 2lm | -=---- 4,0 ) -e----
Idle I 23m | ememmmemmeemae | emeaa-
2 No Cyclea‘ 0 20m | e emmeme~a 11 Boat
Idle - 5400 rpm accel, 20m | ------ 3.5 ] eeee--
Idle - 5400 rpm accel. 2lm | -=--=- 3, | ee----
Idle - 23m | e 12
3 Yes 2750 rpmP 0 5h 43m| ~=----=-~==-= | cm=au- Tank
4 Yes Cycle® 0 20m | meemmmmmeeeee ] e Boat
Idle - 5400 rpm accel. 20m |} ---=--- 3.5 0 ] eeeaa-
- Idle -~ 5400 rpm accel. 2lm | ~-m--- 3.0 | me----
Idle -——— 23m | eememmmmeeee-- 13
a
5 Yes Cycle 0 20m § s ] meme - Boat
Idle - 5400 rpm accel. 20m | -e---- 3.5 | ceea--
Idle - 5400 rpm accel, 2lm | -—-=---- 3,0 ] ee-e--
Idle ———— 23m | mememmeeee---- 14

“ See Tables 4b and 5 for cycle description.
b Drainage rate at this condition about 13% of fuel by weight (see Table 9)



Figure 39.

Stationary tank test of

Mercury 6 hp motor with inter-
ception/ recirculation device

Figure 41.
hours of operation

Device after about 1.5
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Figure 40. Drainage interception/
recirculation device after about
one hour of operation



Figure 42. Drainage interception/ Figure 43. Device after five hours
recirculation device after about five 43 minutes of operation (end of
hours of operation on unit 29 test) on engine 29

Figure 44. Fuel samples taken from line down-
stream of recirculation device for engine 29
(sampling times shown in Table 10)
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operation to the point at which sufficient water had built up in the-lower
chamber to stop the engine. Engine stoppage by choking the fuel system
with water would have occurred much more rapidly for an engine which
emitted more water, such as Engine 25 (see Figure 37). This engine
stoppage is not necessarily a disadvantage of the device, because it would
alert the motor owner that a problem existed, and he might be able to
have his engine repaired before serious damage occured (such as from
storage of an engine over the winter with water in the crankcase). It was
also observed that the water fractions of some drainage samples had a
high viscosity, more or less in proportion to their degree of turbidity.
Note in Figure 36, for instance, that the water fraction in the sample did
not form a horizontal interface with the fuel-based material when the
bottle was tilted. This particular property of the aquéous layer could cause
the orifices of the float-controlled valves in the recirculating device to
plug when water reached their level (in the top chamber), which would
cause the top chamber to overflow through its vent tube and render the
device ineffective,

To conclude the discussion on operation of motor No, 29 with the recir-
culating unit installed, Figure 44 shows the five fuel samples referred to
in Table 10. Note that the photo was purposely focused on the grid behind
the samples to show the turbidity of samples 13 and 14, both of which were
taken after the point at which drainage had begun to mix with fresh fuel.
Samples 10 to 12, which are quite transparent, were taken before the de-
vice was installed.

Engine 18, an OMC 85 hp unit, was also operated extensively with the
interception/ recirculation unit installed. The schedule of tests used for
Engine 18 is shown in Table 11, along with other data. The initial tests
(runs 1 to 4) were essentially the same as cyclic tests run on all the test
engines, except for extra length and the acceleration tests added. The
accelerationtests were run against a tachometer rather than a speed-
ometer because the latter was not available for these tests., Installa-
tion and use of the device did not cause any noticeable change in engine
performance during cyclic operation in runs 3 and 4. Control runs
without the device installed were not performed; therefore, no conclu-
sions can be drawn regarding whether engine performance was improved
or degraded due to use of the device in runs 5 through 7.

The {temporary) installation of the device used with Engine 18 is shown
in Figure 45, and the arrangement of valves shown in Figure 46 permit-
ted the engine to be operated with the unit either in or out of the system
without interchanging any parts. Figure 47 shows the nine fuel samples
taken at the times shown in Table 11. Sample color varied from light
yellow-green (fresh fuel) for the first few samples to a dark green-brown
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Table 11, TEST SCHEDULE FOR ENGINE 18 (WITH AND WITHOUT RECIRCULATING DEVICE)

Time (minutes:

Recirculating
device Description of seconds) at Acceleration Fuel
Run installed . operation Start End times, seconds sample
1 No Cycle® 0 40:00 | --eecmmmemeenan- 1
1dle - 5000 rpm accel. 40:00 -—-- 7.0 ——
Idle - 5000 rpm accel. 42:00 ---- 6.0  § -----a
Idle - 43:57 | -c-vcccemcccuaaa 2
2 No {Same as run 1) 0 42:55 8.0 (1 accel. only) 3
3 Yes {Same as run 1) 0 42:57 7.0, 5.5 4, 5
4 Yes (Same as run 1) 0 42:54 8.0, 6.0 6
* I .
5 Yes Idle 0 5:00 | cccemmcccmccecan | acaa-.
1500 rpm 5:00 20:00 | cecmcmcmmacicnea ] eeena-
Idle 20:00 25:00 | ceccecmcccmceeeas b eeeeea
1500 rpm 25:00 40100 | ---~cemcmaccccen | eaeooa
Idle 40:00 48:00 | cwmcccccmneceens ] eceao.
Idle ~ 5000 rpm accel. 49:00 - 9.0 | --e---
Idle - 5000 rgm accel, 50:00 ———— 10,0 | ceene-
Idle ———- 50:50 | cecmemmmcnccaaa 7
6* Yes (First 40 min, ljke run 5)%- © 0 40:00 | ceccmemmcaccecee | cce--a
Idle 40:00 | 43:00 | --mmcemmmamcmeen | oaaee--
Idle ~ 5000 rpm accel. 44:00 “e—-- 12,0} ce----
Idle - 5000 rpm accel, 45:00 - 8.0 | -ece--
Idle .- 45:35 | cecmcccccncooean 8
*
7 Yes (First 40 min. like run 5)f 0 40:00 | cc-ccccccccemccea | oce---
1d1e® 40:00 | 43:40 | cccececccemccccn | cecme-
Idle - 5000 rpm accel. 44:00 —ema 9.0 - | ceea--
Idle - 5000 rpm accel. 44:40 -———- 7.0 ] ee----
" Idle --- 45:04 | ---mecmcceeaaas 9

T Twice through 20 minute cycle described in Tables 4b and 5,
Engine started missing.

€ Engine died twice and ran roughly.

d Engine died three times and ran very roughly.

€ Engine died twice and ran very roughly.
Engine died six times and ran very roughly.
Engine died three times.

*Note: Control runs without device installed were not performed; therefore, no conclusions can be drawn

regarding whether engine performance was improved or degraded due to use of the device.
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Figure 45. Installation of interception/ Figure 46. Valve system used to
recirculation device for operation of switch between stock and device-
engine 18 equipped configurations for engine 18

Figure 47. Fuel samples taken from line down-
stream of recirculating device for engine 18
(sampling times shown in Table 11)

51



for the last few samples. The base gasoline color was a light yellow-
orange, and the OMC o0il used was a dark blue-green. This photo is
not a quantitative indicator of the difference between fresh fuel and
fuel mixed with drainage, but it does help visualize the changes which
occured,

Several of the fuel samples taken during tests involving the recircula-
ting device were studied in substantial detail, specifically those num-
bered 1, 4, 5, 9, 10, and 14 (Tables 10 and 11). Samples 1 and 10
contained no drainage, samples 4, 6, and 14 contained at least some
drainage, and sample 9 contained a comparatively large fraction of
drainage., Samples 1 to 9 were yellow~green to green-brown in color,
while samples 10 and 14 were yellow-orange. As shown in Table 12,
sample densities were measured using volumetric flasks at 20C, and
percent light transmittance of each sample was measured at three wave-
lengths (optical path through sample approximately 1 cm), The strong-
est trend was an increase in transmittance (average increase 0, 31 per
100 nm) between 450 nm and 520 nm wavelengths., From 520 nm to

650 nm, the transmittance of samples 1, 4, 6, and 9 stayed nearly the
same (average increase of 0,017 per 100 nm), The transmittance of
samples 10 and 14 increased markedly between 520 nm and 650 nm
(average increase 0,18 per 100 nm), indicating that they pass more
light toward the red end of the visible spectrum, These transmittance
results confirm expectations based on both the sample colorations and
the apparent ''gray' densities shown in Figures 44 and 47,

The density figures given in Table 12 are averages of three trials on
each sample, and they indicate increases in density with the amount of
drainage in the fuel. These increases are probably not due as much to
increased oil concentration as they are to evaporation of light gasoline-
range hydrocarbons in the engine crankcase., In other words, the '"light
ends'' of the inducted gasoline tend to remain vaporized and be inducted
into the combustion chamber, while the '"heavy ends' tend more to re-
main as liquid (drainage). The density of the oil itself (as it comes from
the can) is nearly the same as the gasoline used. It is probable that the
lower molecular weight '""dilution' components of the oils (added to the
high-lubricity stocks to decrease overall viscosity and enhance mixing)
fall mainly within the gasoline range of hydrocarbons shown by the chro-
matograms in Figure 48. A limited amount of chromatographic work
indicates that the light '"dilution' components of the oil elute from the
column in 2 to 6 minutes and account for perhaps 20 percent of the oil
by weight. No "hump'' appears in the chromatograms shown in Figure
48 to indicate the oil's presence because it is present in rather low
concentrations (2 percent to perhaps 5 percent),
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Table 12, MASS DENSITY AND LIGHT TRANSMITTANCE OF

FUEL SAMPLES FROM TESTS INVOLVING A

DRAINAGE RECIRCULATION DEVICE

Fuel Engine Comparative drainage Density, Light transmittance at wavelength (nm)?
sample number amount present g/ml at 20C 450 (blue) 520 (green) 650 (red)
1 18 None 0.720 0.32 0.57 0.59
4 18 Small 0,725 0.40 0.62 0.60
6 18 Small 0.750 0.22 0.42 0.44
9 18 Large 0.774 0.05 0.16 0.23
10 29 None 0.729 0.34 0.60 0.85
14 29 Small 0.736 0.13 0. 40 0.71

a

nm is abbreviation for nanometer (lnm = 10"9m)
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As another comment on the characteristics of the fuels and oils being
discussed, Table 13 has been prepared to show the boiling ranges of

Table 13, BOILING RANGES OF THE OUTBOARD GASOLINE AND
ONE OF THE OILS USED IN THE SUBJECT STUDY

Temperatures, °F
Distillation Gasoline 0Oil
Initial boiling point 90 325
10% 118 352
20% --- 440
30% --- 650
40% --- 690
50% 206 708 -
60% -——- 719
70% --- 730
80% —— 739
90% 320 750
95% --- 755
End point 404 758

the materials, Note that the gasoline boiling range overlaps the '"dilution
components of the oil, which come out between 325%nd 440°F (data show
relatively rapid eva%oration between these temperatures, especially
between 325%nd 352 F, then a relatively slow evaporation until the high-
lubricity components start to come over strongly at about 650°F).

The major importance of the chromatographic study is that it shows the
shift toward lower concentrations of light hydrocarbons and higher con-
centrations of heavier fuel components as drainage is mixed with fresh
fuel. Note that the first few peaks (out to a retention time of approxi-
mately 2 minutes) are lower for sample No, 9 (fuel-drainage mixture)

than for sample 10 (fuel only). From 2 minutes retention time on, con-
centrations of heavier materials are higher for sample No. 9. The shift
toward higher molecular weight components for fuel mixed with drainage
means that its physical characteristics change: volatility decreases, vis-
cosity increases, and density increases. The impact of these changes on
engine performance is not within the scope of the subject work, and further
research would have to be done before definite conclusions could be reached.
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SECTION VII
ESTIMATE OF (QUANTITATIVE) NATIONAL IMPACT OF OUTBOARD

MOTOR CRANKCASE DRAINAGE EMISSIONS

Accuracy of the estimated total drainage emitted from drain-type out-
board motors depends strongly on the operating cycle which is assumed
to apply to these motors. Data presented in Tables 2 through 4 were
used to determine the cyclic operation used during the drainage mea-
surement phase because no other data were available. The sample of
motors from which these data were acquired, however, was not very
extensive; so it is not possible to assume that this sample was repre-
sentative, without statistical bias, of the real motor population's average
usage. A valid statistical sample from which an estimate could be made
of average usage to apply to the world population might require a survey
of as many as 1000 engines or more. The survey would require repre-
sentation based on such things as size of engine, age of engine, size of
boat, type of boat, age of owner, type of waters on which boating occurs,
climatic conditions, geographical area, and so forth,

Rather than rely on the survey data presented in Tables 2 through 4 (and
consequently on the drainage emissions measured during cyclic operation
in the testing phase) to estimate national drainage emissions, it is con-
sidered more appropriate to apply arbitrary time-based weighting factors
to drainage measured during the five steady-state modes. While this
method gives no greater assurance of accuracy in estimating drainage
emissions than the use of measurements obtained during ''cycles' does,
it at least provides a convenient way of updating the results of this report
in the future when truly representative boat operating data become avail-
able, It will be assumed, therefore, that the five modes are used equally
(that is, each mode has a time weight of 20 percent).

Applying this assumption to the data on individual modes given in Table

8 results in the drainage and fuel consumption figures shown in Table 14.
These calculated data exhibit variability very similar to those measured
during cycles and reported earlier, but the calculated composite percent-
ages are all somewhat higher than those measured during the cycles
(average difference about 30 percent of percentage measured during cycle).
The calculated composites are adequate for use in the subject analysis, and
the only alternative is use of time-in-mode data that would require a survey
of a large number of engines as indicated above. Such an effort on gathering
time-in-mode data is beyond the scope of this research effort,

Accuracy of the analysis used to estimate drainage emissions from the U, S,
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Table 14, COMPOSITE FUEL CONSUMPTION AND DRAINAGE RATES
FOR TEST ENGINES ASSUMING EQUAL TIME IN EACH STEADY-STATE MODE

Motor Drain rate, Fuel rate, Drainage as
Group neo. Group No. g/hr kg/hr % of fuel
1 OMC 9.5 hp twins 1 141,7 3.36 4,21
242 95.4 2.57 3,71
27 286, 0 3,12 9.15
28 284, 8 3.01 9.45
34 250.9 2.97 8.45
35 140,5 2.92 4,82
2 OMC V=4 motors 10 488, 8 12.15 4,02
15 1748,0 10,75 16,26
15A 794. 4 9.26 8,58
18 1179.0 12,94 9.11
22 990, 4 11,02 8.99
3 OMC 30-40 hp 3 190.6 5.85 3,26
twins 8 115,0 6.60 1,74
13 247.1 6.13 4,03
33 41.9 5.14 0,82
4 Chrysler and Sea 6 62.4 8.48 0.74
King 35-55 hp 11 46,5 8,09 0.57
twins 19 3.4 7.54 0,04
20 70.6 6.55 1,08
32 7.8 6.22 0.12
5 Mercury 4- and 4 48,8 9.85 0.50
6-cylinder 7 14,6 6,20 0.24
motors 14 84.3 11.64 0.72
16 45,3 9.99 0,45
17 58.2 9.85 0.59
6 OMC twins using 5 56. 4 3.63 1.55
pressure tank 12 161.1 5.18 3.11
(older) 21 15,4 8.14 0,19
7 OMC 18 hp twins 2 92.1 3.98 2.31
31* 58,7 3.99 1.47
Miscellaneous 23 127.7 1.57 8.12
302 43,8 1.66 2.64

a'Origina.lly drainless engine converted to drained configuration for tests.
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population of outboards depends on certain assumptions about that
population, The simplest situation would result from the assumption

that drain percentages are distributed normally for the population taken
as a whole; but this assumption requires implicitly that mean drain
percentages from Mercury, Chrysler, and OMC engines all be essen-
tially equal. To test the hypothesis that mean drainage rates are equal
for the Chrysler, Mercury, and OMC populations, the 't statistic
(Student's distribution) was used. The results showed that the hypothesis
could be accepted for the Chrysler and Mercury populations at the 0,05
level, but that the hypothesis should be rejected at the 0,05 level for the
OMC population as compared to the other two. Testing of a hypothesis

at the 0.05 level is a matter of convention, and rejection at the 0,05 level
indicates that the chance of the hypothesis being correct is 5% or less.
Student's ''t'* test also showed that the hypothesis cf equal means could

be accepted for the Chrysler and Mercury populations all the way up to
the 0.4 (or 40 percent probability) level, but that the same hypothesis had
to be rejected for the OMC population as compared to the other two even
at the 0.01 (or 1 percent probability) level, The results at these widely-
dispersed levels indicate that the difference in mean composite drain per-
centage between Mercury and Chrysler engines tested is very insignificant,
and that the difference in mean drainage between the Chrysler-Mercury
group and the OMC group is highly significant, These statistical tests
indicate that outboard motor drainage cannot be analyzed statistically for
the population of motors as a whole, but that the OMC and non-OMC popu-
lations should be considered separately, Calculation of the ''t" statistics
discussed above is presented in Appendix C,

Arithmetic means of the composite drain percentages listed in Table 14
are 5,35 percent for OMC motors and 1,20 percent for non-OMC motors,
Due to the small samples and the large variations within the samples, it
cannot be assumed that the sample drainage means are equal to population
means. It is possible, however, to determine statistically from such
samples a range within which the population mean drainage can be expected
to occur with, for instance, 95% confidence. The formula for the ex-
tremes of the range is

confidence limits = % + tp 975 (Si)'

where: x = sample mean drainage;
t0. 975 = the appropriate statistic from Student's
distribution at the 0. 05 level of significance; and
Sg = standard error of the sample mean,
Using this formula, the mean drainage from the OMC population is esti-
mated (with 95% confidence) to fall within the range of 3,19 to 7,51
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percent of fuel consumed by weight, Average drainage from the non-
OMC population is likewise estimated to be between 0 and 2.76 per-

cent, A summary of the statistics leading to these confidence limits
is given in Table 15,

Table 15, DETERMINATION OF 95% CONFIDENCE LIMITS ON
MEAN DRAINAGE FOR OMC AND NON-OMC POPULATIONS

95% conf,

n = sample drainage (percent) limits on
Population size X=mean | Sg=std. error | tg, 975 pop.drainage
OMC 17 5.35 1.02 2.12 3.19-7.51%
non-OMC 11 1.20 0.70 2,23 0-2,76%

In order to estimate the total amount of drainage emitted per year by
drained engines, it is necessary to establish a figure for the total fuel
they consume, One method would be to simply accept an estimate made
by a boating trade publication(zj‘) or one of several individuals in the in-
dustry(22‘24). These estimates are of unknown accuracy and basis, how-
ever, so a fuel consumption figure will be calculated here using available
data and explicit assumptions. While this calculation is subject to errors,
detailing the method and assumptions will permit its correction if more
cormplete data become available in the future.

Using data from Table 14, fuel consumed by each engine per hour per

unit rated horsepower can be calculated (based on the assumed composite
cycle). The results of these calculations are grouped in Table 16 by motor
rated horsepower category, along with population data and further calcu-
lated values, The '"mean' rated horsepower assumed for the three lower
power categories is the same as that used in an earlier analysis of out-
board motor exhaust (gaseous) emissions(zs), and the '"mean' value for

the '"45 hp and over' category has been adjusted downward slightly to
improve accuracy. The previous estimate of 65 hp for the larger motors
resulted in a calculated population mean of 25.8 hp, and the 60 hp esti-
mate used here changes that result to 24. 8 hp, nearer the best available
figure (24.6 hp). The population being considered here is for 1971, the
last year in which drained engines were produced,and Table 17 gives a
summary of the estimated motor population for that year by power category
and year of manufacture., The total annual fuel consumption by drained
engines calculated by this analysis is about 600 million gallons per year
(1660 million kg/yr), and this figure will be used to estimate drainage
emissions,
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Table 16.

CALCULATION OF OUTBOARD MOTOR FUEL CONSUMPTION
(BASED ON 1971 MOTOR POPULATION)

Power Category Assumed Fuel consumption
category, population ""mean"’ g per g per kg pera gal perb category gal
hp x 10-3 rated hp rated hp hr engine hr engine yr engine yr per yr x 10-3
0-6.9 2303, 5 247 1230, 61,8 22.3 51, 400.
7-19.9 1990. 15 274 4110, 206. 74.2 148, 000,
20-44,9 1648, 35 194 6790, 340, 123, 202, 000,
45 & over 1377, 60 149 8940, 447, 161. 200, 000, ©
TOTAL 601, 000,

aAssuming 50 hr operation per year,
b Assuming fuel density of 6.1 1bm/gal (0.73 kg/1).
€Assuming that 10 percent of engines in this category were drainless,



Table 17. SUMMARY OF ESTIMATED OUTBOARD MOTOR POPULATION

BY POWER CATEGORY AND AGE, END OF 1971

Surviving Motors in Horsepower Category %1073
Year(s) 0-6.9 7.0-19.9 20.0-44.9 45 & up
1919-1930 0,793
1931-1941 24,2

1946 68.1
1947 114,
1948 112,
1949 71.9 11,7
1950 85.0 20.0
1951 55.8 35.6
1952 84.7 31.5 4,84
1953 126. 44,4 14.8
1954 124, 61.2 25,3
1955 30.0 120. 30.0 10.0
1956 91.8 160, 66.3 22.1
1957 69.5 133. 85.3 28.4
1958 53.0 125, 101. 33.5
1959 61,0 122, 132, 44,0
1960 53.1 89.6 142, 47.3
1961 44,0 64.8 101. 49,2
1962 48.6 71,5 109. 57.2
1963 57.4 72.5 106, 66.4
1964 71.4 85.0 102, 81.6
1965 67.4 135, 67.4 85.2
1966 102. 123, 86.1 98.4
1967 119, 97.5 93.3 114,
1968 142, 102. 102. 142,
1969 141, 95.8 95.8 171.
1970 116, 94.4 90.1 129,
1971 109. 94,0 94.0 198.
Total 2303, 1990, 1648, 1377,
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In order to estimate total drainage, making use of the ranges of values
developed earlier for OMC and non-OMC populations, it remains to de-
termine the number of engines falling into each group., The only study
yielding such results for even a small area 8) shows that OMC units
comprised about 55 percent of the population sampled at Lake George,
New York, Using this figure as basis, a range of estimates can be made
as shown in Table 18. To indicate the influence of population composition
on drainage, another set of estimates is also given in Table 18 using a
population containing 70 percent OMC engines. This latter assumption
is arbitrary, and not based on any known population composition. Note
that total annual drainage estimates in gallons were calculated using vol-
ume percentages and that volume percentages are about 87 percent of
weight percentages because drainage is more dense than fuel,

Based on all the assumptions noted during the calculations, the overall
drainage estimate for the '"55 percent OMC'' assumption is between 1, 8
and 5.4 percent of fuel consumed on a weight basis for 95 percent con-
fidence. These percentages translate into a range of 9,2 to 28 million
gallons per year (29 to 89 million kg/yr). For the '"70 percent OMC"
assumption, the population drainage estimate is between 2.2 and 6.1 per-
cent of fuel consumed on a weight basis for 95 percent confidence. These
figures can be otherwise expressed as a range of 12 to 32 million gallons
per year or 37 to 101 million kg per year.

ENVIRONMENTAL IMPACT

It was not the purpose of this study to determine the environmental im-~
pact of drainage on aquatic systems, but only to estimate the amount of
drainage. Other projects have been funded by the Environmental Pro-
tection Agency to study the environmental effects of drainage. Care should
be exercised in applying the results of this study to specific situations, es-
pecially use of "average' values. As an example, consider inlets, marina
areas, protected harbors, and areas where trolling occurs. These loca~
tions will be subject to more engine operation at low speeds than was as-
sumed to form the composite operating schedule, so drainage emitted
there will be higher on a percentage basis than indicated by average values,
For idle and low-speed operation (1500 rpm and under), it can be com-
puted from data in Table 9 that average drainage for the OMC's tested
would be 17.2 percent (standard error = 2,84) and that for non-OMC's
would be 3.0 percent (standard error = 0, 73), It can also be calculated
{using the "t'* distribution) that the 95 percent confidence interval for

mean drainage from the OMC population is 11.2 to 23.3 percent, and that
the similar interval for the non-OMC population is 1.37 to 4. 63 percent
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Table 18,

ESTIMATES OF TOTAL ANNUAL OUTBOARD MOTOR CRANKCASE
DRAINAGE EMISSIONS AND PERCENTAGES OF FUEL CONSUMED

Assumption 1 Assumption 2
OoOMC non-OMC Total OoMC non-OMC Total
Population breakdown, % 55 45 100 70 30 100
aAnnual fuel gal x 10-6 330, 270. 600, 420. 180. 600.
Consumption kg x 10-6 913, 7417. 1660, 1160, 498. 1660,
Drain percentages [High 7.51 2.76 5,37 7,51 2,76 6,08
(by weight) | Low 3.19 0 1.75 3,19 0 2.23
Drain percentages ‘High 6.54 2. 40 4,68 6.54 2.40 5,30
(by volume) Low 2.78 0 1,53 2.78 0 1.95
ion B3 % 10-6 21.6 6. 48 28.1 27.5 4.32 31.8
Total annual 189 lrg x 10-6 68,6 20,6 89, 2 87.3 13,7 101,
drainage Low |g81% 10-6 9.17 0 9.17 11.7 0 11,7
kg x 10-6 29.1 0 29.1 37.1 0 37.1

23 gsuming that fuel consumption is directly proportional to population percentage.

Note: Specific gravity of drainage averaged 0.84 compared to specific of fuel of 0.73; therefore, drain percentage

by volume is 87 percent of drain percentage by weight.



by weight of fuel consumed. Calculation of these intervals is given in
Appendix C.

Using data from Tables 8 and 18, it can be calculated that the amount
of fuel consumed annually by OMC engines at idle and low speeds (1500
rpm and under) is about 20% of their total annual fuel consumptioa, or
approximately 66 million gallons. Comparable figures for non-OMC
engines are about 16% of fuel consumed at 1500 rpm or lower speeds,
and a total of approximately 44 million gallons. Using these fuel con-
sumption figures and the ranges for drainage estimated above, OMC
engines are estimated to emit 6.4 to 13,1 million gallons of drainage
annually at speeds of 1500 rpm or lower, and non-OMC engines are
estimated to emit 0.5 to 1.8 million gallons per year during this type
of operation., Total drainage at speeds of 1500 rpm and lower, coa-
sequently, is estimated at 7 to 15 million gallons per year. These
figures indicate that idle and low speed drainage accounts for between
50 and 75 percent of total drainage from outboards.
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TEST ENGINE No.__1 TYPE 1965 J0RNSON 9.5 hp

FUEL USED|TIME |[FUEL RATE |SAMPLE(2'F) SAMPLE °4 |SAMPLE
’ OF FUEL 8Y| RATE,
RUN [CONDITION| (b, [aa) | min “’"A' ”va > ml IO JwT. | ¥/ he
) \DLE 1.30 }0.207] 20 |3.90 [0.620| ©2.4] 717.0] 9.83 {10.0 17
2 { 500 {L.75 {0.2718| 20 |5.25(0.835] 87.1{106.2}]10.1 }1\.0 20\,
3 | 2950 |\v1510.278] 15 |7.00(L10Y | AG 7| 56.0] 5.32] 5,70 |3,
4 | 4000 {1.50{0.238} 10 | 9.00{143 5.0 1.3]0.810}0.735 20.0
5 |*aA700 |1.75 |0.278] 0 [W0.50[167 {12.5] 16.0| 1.52]1.57 15.0_
e | IDLE 1.20 |0.491) 20 | 3.60]0.572] ¢7.3] 82.0|\&.3 2.4 | 202.
7 | 1500 [1.30{0.207{ 20 | 3.90{0.620| 82.7 [101.0{12.9 [\4.0 | 24B.
B | 2750 ]2.05]0.326] 15 | B.20/1.30 | 43.5| 52.0{ 4.29] 4.,8]| 174.
9 | 4000 |1.85{0.2%4) 1O {11.10{L72 | 2.4] 2.8]0.252]0.286 14.4
w0 [*4700 [1.95 [0.210] 10 | n.70[1.86 | 7.6] 10.5[0.895]0.859| as.¢
it | CYCLE {2.35]0.374] 20 | 2.05{).12 | 26.0/32.0)2.26]2.44 78.0
12 | cyere [2.75 |0.427] 20 | 8.25(1.3) { 22.8{29.5(2.29 |2.63 98.4
FUEL TEMP. AT ENGINE ¥ _(0 °F DENSITY = _©29 “‘*/%u((o_o_"F)

FUEL DENSITY AT 12°F=_06.25 ®=/. = 0748 2/
COMMENTS X TOP RPM ; TESTED AFTER TUNING ONLY % ENGINE
ADLED AT 1000 RPM . FUEL 0L KRATIO 501
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TESY ENGINE No.__Z TYPE 1960 EVINRUDE (BhWp

FUEL USED|T\ME |FUEL RATE |SAMPLE(12°¢) SAMPLE °4 [ SAMPLE
OF FUEL BY RATE,
RUN [ONDITION] Ib,. faal | min “’%» 5“'/;« > wl oL, Jwr. ] ¥/ he
\ \DLE {080 ]0.130] 20 }2.40{0.290| 338 |39.5| .02 9.30] \0\.
2 1500 .45 ]0.236] 20 |4.35(0.707/52.3 {62.0{ 95| 7.95] i151.
3 2000 12.45 {0.3%8)] 'S (9.0 1159 |28.0 |33.0] 249 ]12.52) 2.
4 4000 {2.20 |o.3s57] 10 [13.20(2.04 | 4.7 ] 5.2 {0.284j0.470f 28.2
5 4500 ]2.45 10398} 'O |'4.7012.29 ] 2.6 2.9 |0.\93]0.234] 5.6
© IOLE  ]0.60 0.0975] 20 | 1.80(0.292|'B.1 |21.5 | 583 |04 ] 54.3
7 | w00 {150 Jo.244] 20 | a.50]0a21 222265 [2.873.28 | (6.9
B | 2000 }2.10 jo.241] s | 8401236 [ 13.2]16.0|V.24}\.3B] 52.8
9 1 4000 1175 {0.284] 10 |W0.500 10y | 2.7 1 2.9 | 02700340 V6.2
10 | 4500 }2.00 {0.325] 10 [12.00{1.95| 2.2 | 2.2 {0187]0.242] 13.2
11 | OYCLE [3.25 j0.528) 20 | 9.795]1.58 | 1.4 \9.5 [09b|\. VvV | 49,2
12 | CyctE [3.30 |0.536] 20 | 9.90| 1.6t [22.6]27.5(1.35 V.51 | 67.8
13 | 'DLE .10 {0.MT9] 20 | 3.30|0.53b| 85.9 | \02. | V5.1 | V1.2 | 258.
14 1500 1.95 |0.217) 20 | S.8510.950191.7 |'109.19.09 |10.4 | 275.
15 ] 2000 12.4510.298) 15 | 9.80{1.589 | \1.3|20.5| V.36 [ 1.S6] ©69.2
16 | 4000 |2.15 {0.349] 10 [12.90|{z.10| 2.6 | 4.3|0.225/0.369| 2\.6
17 | 4500 {z.45(0.298] \0 [14.70/2.39} 3.5| 3,5|0232{0.3\5| 21.0
18 I\DLE |1.20{0.195] 20 3.60{0.585) 71.1 184.0]1 .4 |13.] | 203,
19 1500 | 1.90 j0.309] 20 | 5.7010.926] 82.} |9B.0] B.29 1953 | 246.
20 | 2000 |2.60]0.422] \5 |10.40]1.6% | 18.4]|21.0] .3} |1.56 13.6
21 4000 |2.25}0.265] Y0 |13.50} 2.9} 4.3 | S.i |0.269]0.42)] 25.8
22 | 4500 {2.45]0.398) 10 |14.70/2.239 | 2.5 3.9 [{6.259[{0.215] 21.0
23 | cveLe }3.60 |0.585] 20 |10.80[v.75 {28.7 [24.0 ] V.54 VIb| BG.)
24 | &yeLtE |3.70 |0.601) 20 [MA011.30 [31.5 [37.0 | 1.3 |1.88 ] 94.5
FUEL TEMP. AT ENGINE 2_90 °F DENSITY = 6157 “=/i1(90°F)

FUEL DENSITY AT 712°F=_6215 "~/ =0745 2/

COMMENTS _ENGINE RAN ROUGHLY AT 1\DLE AND 1500 ®BEFORE
TOUNING ; LOW SPEEDR JET RICHENED SOMEWHAY AFTER TUNING
FUEL :0IL RATI0 24-.\  ENGNE I1DLED AT 800 RPM: TUNED
AFTER RUN 12
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TEST ENGINE No.__ 3  TYPE %66 JORNSON 33 hp

FUEL USED|TIME, |FUEL RATE |SAMPLE(72°F) SAMPLE % |SAMPLE
; OF FUEL BY RATE,
RUN [conoition] tb,. [aal | min ‘M‘ el o wml oo TwT ] v/ ne
L | \OLE [ \v15 [0.186] 20 |3.45 |0.558]{130.3 | 156. | 22.2 [25.0| 391,
2 | v500 }2.05 |0.232] 20 |6.15 |0995]1129.9] 167 |[12.23 |1\5.0] 420.
3 { 3000 {2.80 {0.453]| \& [11.20{\.Bl | 27.0] 320])87 | 2.13} 108,
4 | 4500 13,25 ]0526f 10 [19.50(3.15| 9.0( 10.5(0.528{0.611| 54.0
5 | 4800 {3.65 [0.590] 'O [21.90]3.54}\\.B | 14.1[0.63}|0.713] 0.8
G | \DLE 1.35 |0.2\3) 20 | 4.05]0.655|152.9]184. |22.2 |28\ | 462
7 { 1500 {2.05 {0.332| 20 | ©.15]0.995] 78.5| 93.5| 744 |B44]| 230.
® | 3000 {2.70 {0.437] '\5 [10.80{ V75 |16.3 | 195|118 | 133 5.2
9 | 4500 |3.05}0.493] 10 |18.20|296 | 8.6 | 10.2 |0540}0.622] 51.6
10 | 4800 }3.65]0.550) 10 |21.90|3.54{10.4 ) 12..) |0.542]/0.628] G&2.4
1t | cyete [4.60 [0.744] 20 |13.80{2.23|{40.5}4B8.0{ .70 [ 1.94 | 122,
12 | ©YOLE |4.35 |0.104| 20 [13.05{2.11{36.9 1445|167 {87 Vv L
13 | \DLE .60 j0.259] 20 | 4.80|07176|V59. 0| V92.|19.6 |22.0] 4719.
14 | 1500 12.35]0.380} 20 | 72.05|1.14 {9271 w12.1778 | 8720} 278.
15 | 2000 |3.05[|0493} 15 |12.20(1.97 [27.2 | 33.0| .17 | 1.97 | V09,
16 | 4500 ]3.75 |0.607]| V0 |22.50]3.64]10.4 [15.0 |0.653 |O.6I\| (2.4
17 | 4800 {4.00 |0.647] 10 ]24.00{3.88 |12.2 | 17.0 ]0.694-|0.672] 73,2
18 | \DLE 1.15{0.186| 20 (| 3.45{0.558{142.5|112. |24.4 (273 | 428.
'y | 1500 12.10 |0.240]| 20 | ©.30]1.02 {80.6 | 96.5 | 7.51 | 8.46 ] 242.
20 | 3000 |2.80 {0.453} 15 |1..20] .81 {24.7]30.0} V315 ] V.94 98.8
2] | 4500 ]3.50 [0.560| 1O [21.00{32.40} 8.9 ]12.5 ]0.630/0.56}] 53.4
22 | 4900 (370 {0.59B] 10 [22.20(3.59( 11.3}{14.0 [0.6IB[0.673{ &7.8
23 | cycLE 14.8510.184 20 [14.55/2.35 |36.3 |43.5]}1.46 | \.6S] 109.
24 jcyeLe {4.95(0.801) 20 |14.85]2.40]41.0 |49.0 |1.62 1.8 | 123,
FUEL TEMP. AT ENGINVE ¥ 90 °F DENSITY = 6.183 “-"/%ql(?gf’F)

FUEL DENSITY AT 72°F=_0242 =/ q = 07148 3/

COMMENTS FUEL .0iL  RATI0D wAS 50.1 ; 4800 wAS MAX. RPM BEFORE
AND AFTER TUNING ' CARBUREYOR AND TIMING OK AS RECEIWED;
\DLE RPM wWAS 700 BEFORE TUMING , 800 AFTER 5 TUNED AFTER RUN 12
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TEST ENGINE No.__ 4  TYPE_!965 MERCURY GS hp
l—ONE DRAIN ONLY —]

FUEL VUSED|T\ME [FUEL RATE |SAMPLE(12°s) SAMPLE °4 |SAMPLE
’ OF FUEL BY| RATE,
RUN [cONDITION] Ib,, [aal |min befe [BVhe| ml VoL [wr. | 5/ heX
\ IDLE | 1.90 jo.208]| 20 |5.70 {0.925] 8.3 10.0 |08S6]0.963] 49.8
Z | 1500 f4.45]0723] 20 [13.42.17|11.3] 14.0/0.512/0.560] ©7.8
3 | 2750 {6.10 |O-990] 15 |724.413.96] 12.0| 14,5|0.387[0.434| 9%6.0
4 | 4250 | 545]0885] w0 [32.7 5.3 V\.5] 1.9 ]0.057/0.061] 18.0
5 | btk |1.50 J0.244] 20 |]4.50[0.731] S.4| 1.0 0358|0134 32.4
o | 500 |4.55[0729f 20 3.6 |2.22]10.9] ¥3.0]0.465/0.528| 65.4
7 | 2350 [6.25]1.01 | 15 |25.0 [4.06] 12.2] 14.5]0.379[0.430] 97.6
8 | 4250 |5.4010.8717] w0 [|%2.4(5.26] \.8| 2.3]0.069]0.073] 2.6
9 | eveLe [8.60]1 40| 20 |25.8 [4.19]10.G]12.5(0.236]0272| 63.6
10 | ¢y | 8.65(1.40| 20 {26.0 (4.21] 9.8]12.0[0.226{0.250{ 58.8
FUEL TEMP. AT ENGINVE ¥ 90 °f DENSITY =_0.15) “*/%d(%)fi:)

FUEL DENSMY AT T72°F=_6.217 "®=~/q = 0745 2/
COMMENTS * SAMPLE RATE SWOWN 1S DOUBLE THAT COLLECTED, SINCE

ONLY ONE OF Twh DRAINS WAS INTERCE PTED; FQEL:OIL RATIO S0\,
ENGINE IDLED AT 700 RPM ; ENGINE WOULD NOT RUN SATISFACTORILY
AS RECEIVED, SO wWAS TESTED AFTER MINOR TUNE ONLY MAX. RPM 4500
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TEST ENGINE No._5 IYPE 1954 EVINRUDE \5 hp
FUEL USED|{TWME |FUEL RATE |SAMPLE2') SAMPLE %% | SAMPLE
2on Tooomen] o o) min ["ohe kel 3 | =l |Sotolartr] o/ ne”
' | ore | v oas | 20 | 33 ]0.54] 14.6] 18.0} 2.64]|2.93| 43.8
2 | \s00 210201 20 | 2.6 0.0} 25.2| 30.0] 3,96} 4.63}) 156
3 | 3000 Lelo2gl 18 | 2.2 {116} 6.4] B85]0774{0.184] 256
4 | 4800 .8 1029 | to |10.8 {1.74]| 5.0] 72.5[0.683{0.612{ 36.0
5 | 4500 | 2.5|0.41 | \0 |15.0)2.46] 7.8 | 10.0 |0.644]0.688) 46.8
(A \OLE .0 101061 20 | 3.0 j0.4B) \B.\ |1 22.0]12.63}13.99 ] 54.3
71 wee | 1L2{020] 20 | 3.¢ [0.50{21.9(33.5[{4.42{5.13| 837
8 { 3006 2.0l0321 & | 8.0 |1.32] 5.5 7.5|0.600{0.606] 22.0
9 | 4000 v9 10.20} 10 h1.4]1.86) 5.0} 7.0 |0.5%|0.580] 30,0
10 | 4500 2,3 |37 ] 0 [13.8]2.22]| 7.6 |10.0 Jo 7140728 ]| 456
1t | ere 2.6 1042] 20 | 1.8 {126 V22200 132146 ]| 51.6
12 | erae | 27 |044] 20 | B0 |1.32)18,6 220432152 55.3
\3$ | \OLE Lileig | 20 | 3.3 ]0.54]26.3]31.0 14555271 189
14 | 1508 L3 lo2v | 20 | 2.9 |063]45.9]53.5]673 1778 | 138,
\S | 3600 2.5 |0.4\| 1§ [10-0{1.64 | 11,7 |14.00.902| .03 | 46.8
16 | 4000 L9 o3t | 10 {1141 186] 9.\ {11.0]093711.0C | 54.6
7 | 4500 2.1 |o34] 10 |12.6]2.04]10.0 |12:0 [06922]1.05 | €0.0
18 | \OLE 1 loig ) 20 | 2.3]054]23.2|27.5]4.04 abs | ©9.6
\9 | 1s00 w2 (0.201 20 | 2.6]0.60]37.0{43.0]568 | 680|111
20 | 3000 | 24 j029 | s | 9.6|1.56| 2.8[10.0[0k77/01C| 31.2
2) | 4800 W8 029 ] 10 |10.8[174] 56| 65]0592]0686] 33.0
22 | 4500 2.0 {0,321 10 [12.0]1.98] B.1] 9.4]0752|0.833| 48.6
| 23 | cvcle | 29 |0.47] 20 8.7 1411{15.9019,0 {1.07 {1.21 | 47.7
24 | cyae | 2.7 10.44| 20 | 8.0 11,32} 21.1125.011.50 172 | 633
FOEL TEMP. AT ENGINE ¥_90 °f DENSITY = _6.151 “"‘/%d(’_Q:F)

FUEL DENSHTY AT T2°F=_0.209 M=/ = 07443/

COMMENTS FUEL :0IL RATIO 24:.) ; ENGIVE \DLED AT 1000 RPM

TUNED AFTER RUN

\2 ) RICHENED BOTH LOW- AND HIGH-SPEED

JETS SOMEWHAT AFTER TUNING , USED PRESSURE ~TYPE TANK
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TESY ENGINE No.

L

TYPE 1965 SEA KING (WEST BEND) SOhb

FUEL USED|TIME |FUEL RATE [SAMPLE(22°s) SAMPLE % |SAMPLE
OF FUEL &Y RATE,
RUN lcomeo& b, |aal |min “"A' 3"/» L] wl YL JwT. | ¥/ he
\ 1DLE | 0.95|0.455 | 20 | 2.85 |0.465] 18.6] 93.0]15.9 | 18.2| 23C.
2 1500 2.65 [0.334| 20 | 6.15]1.00 1.71 9.110.120(0.828 23,1
3 | 2750 [3.8s |oez7]| 15 [15.4 |251 ] 2.0{ 2.4l0.0} 0.5 8.0
4 4250 |A4.80 {0.782] 10 {28.8 |46) | 1.0] 1.2]0.040]0.046 6.0
5§ | 4150 |6.6S5|10p | 10 1399 {648] 2.1} 2.5]|0.061]0.070 12.6
[ \DLE | V.45 |0236] 20 |4.35 j0.798] 94.7]| 113, |12.6 |14.4] 284.
7 1S00 |2.20 |0.358] 20 |6.60 |1.08| 3.8| 4.4]0.324]0.381 1.4
) 2750 |[4.05 |0.660| \5 [16.2 |2.64}] V2] 1.4[0.056]0.065 4.9
Y | 4250 |4.70|0765] 10 |28.2 |459] o8| 1.0]0.034]0.038 4.8
10 | 4750 |6.5(1.08 | 10 [33.9]60.48) 1.9 ] 2.4/0.059]0.063] 11. 4
W\ | eyee |s.40 [0.879] 20 [16.2]2.64] 11,0 v3.5]0.40¢ [0.449] 33.0
12 | eyt 1560 |0912] 20 {16.8 |2.74) 19.5) 23.5]0.681]0.768| 58.5
13 | \oLE 1110 079} 20 |3.30 jO.537| 112.0] v34. |19.8 |22.C | 338,
14 | 1200 {2.05]0.334| 20 |6.15]1.00] 79.¢| 955]| 1.55|8.56 239.
IS5 | 500 .55 [0.252] 15 |0.20]1.0\ 271 3.4]0356/0.284f 10.8
16 | 2750 12.60 [0422] 10 [15.6 |2.54] 0.5| 0.4 |0.025|0,042 3,0
17 | 4250 (4850790 'O ]29.1 |4.74] W8] 2.0}0.067/0.082| 10.8
18 | \ore {0.75[0.122| 20 |2.25(0.36b] 80.4 | 94.5]20.5 |22.6 | 241.
19 1200 {2.25810.%G]| 20 |6.75] 1.10]|56.4] 67.0/4.84]5.53 | \6).
20 1500 ]1.4510.236] s |5.80|0944] 2.5 | 3.\ |0.247]0.380} 10.0
2) 2750 {2.650.432] 0 |'5.9]2.59] 0.3 | 0.2 |0.0v2(0.025 1+ 9
22 | 4250 |4.65{0257] \0 {279 |454] 1.\ | 1.4 |o.049]0.052 6.l
23 | &yele |5.65 10920 20 | V7.0 |2.76(18.2 | 22.0 |0.632]0.710] 54.6
24 | oyt |5.770 10928 20 f17.V |]2.78] 26.0 | 20.5 |0.868] 1.01 | 78.0
FUEL TEMP. AT ENGINE ¥_30 °F DENSITY = _6b.14| “*/”l(?_?_"F)

FUEL DENSWTTY AT 72°F=_0.199 Mg = 0743 3/
COMMENTS FUEL:OIL RATI0 50.1 ; ENGINE IDLED AT 900 RPM ) ENGNE

RAA) SOMEWRAT ROUGHLY AT IDLE AS RECEIVED ; N0 CARBURETOR

ADIUSTMENTS NECESSARY ; TUNED AFTER RUN 12
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TEST ENGINE No. 7 TYPE 1959 MERCURY MARK SBA 45k
l=—ONE DRAIN ONLY —

FUEL USED|T\ME, [FUEL RATE [SAMPLE(@2%) SAMPLE °% | SAMPLE

OF FUEL 8Y| RATE,

RUN JconNDITIoN| 1b.. [aal [min [Baf 840 & | wml [Nor Twr. | ¥/ ne®
| yDLE | 2.05]0.321] 20 |©.15]0993] 3.0 | 2.5 [0.279]0.323 18.0
2 1500 | 2.05 |0.231| 20 |6.15]0993) 3.3 | 2.6 |0.287]0.355 19.8
) 2750 |3.¢5 (0589 ] 15 [14.60{2.36| 2.9 | 3.4 |0.152 |0.195 23,2
4 | 4250 |3.05(04)2| 10 [18.30{2.95]| 1.0 | W2 [0.0b4 |0.072 12.0
5 | 5000 {3.90[0.629] 10 [23.401377 | 07 | 0.4 |0.017)0.040 B.4
@ | 1oLE | 1.60 |0.258 | 20 | 4-80}0774| 2.8 | 3.4 |0248|0386] '©.B
] 1500 |2.25]03e3| 20 | 6.7511.09 B { 22 |0160]0.176 10.8
8 2750 | 3.75 |0.605] 1S |15.00}{2.42| 34 | 4.0 0475 (0.200 27.2
9 | 4220 |2.85 |0.460] 10 |17.10]2.76] .V | 1.4 | 0080 |0.08S 13,2
10 | s000 |4.350.700) 0 |26.10}4.2\ ] 0.6 | 0.5 [0.019}0.030 7.2
i1 | cveee [a.40 [0709) 20 2200213 | 2.0 | 2 |o.078]0.100] 12.0
12 | wrere [4.40 |0.709] 20 |V3.20{2.13]| 25 | 2.7 |oloi Jo.125] 15.0
13 | \oLE |1.50]0.242| 20 [4.50(0726] 3.6 | 44 [0448}0.527| 21.6
14 | o0 |2.20 0355 20 | 6.60] 106 | 2.3 | 2.9 |0.216|0.230] 13.8
s | 2750 |2.60/0.580} 15 {1a.90]2.32] 2.1 | 2.5 |0.114]0129]| 6.8
10 4250 }3.10|0.500| 10 |18.60{3.00]| 0.5 | 0.6 }0.032 0.036 6.0
v1 | 5000 |3.750.605| 10 |22.50{3.63| 0.4 | 0.5 0.022}0.024] 4.8
\8 CYCLE |4.25 ]0.685] 20 [12.75]2.06} 1.6 1.9 10.073 ]0.083 9.6

FUEL TEMP. AT ENGINE ¥_90 °f DENSITY =_6.144 “"/%a.l(‘)_(_):F)

FUEL DENSITY AT T2 F=_6.20Z "=/y = 0743 3/

COMMENTS ENGINE RAN WELL BEFORE AND AFTER TUNING ) ENGINE

IDLED AT 1000 RPM , TUNED AFTER RUN 12 , NO CARBURETOR

ADOUSTMENT ; FUEL :0IL RATIO 50:1 ; ¥SEE ENGIVE 4 DATA SHEET
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1968 JOHRNSON

40 Wp

TEST ENGINE No.__ 8  TYPE

FUEL USED|TIME |[FUEL RATE [SAMPLE(12¢) SAMPLE % | SAMPLE

OF FUEL BY RATE,

RUN [coNDITION] 1., [aal [min |/ [RA,] & | ml [NoL [wt. | ¥/ he
I | ioLe |10 ]0.276| 20 | 510]0.828] 119.8{140.5] 13.4|15.5 | 359.
2 ts00 2.2510.365] 20 65| \.10 51.7] 60.0] 4:.3415.07 155,
3| 3000 |305|0495| 15 [i2.20] .98 | 11| 13.5{0.720 | 0.802 44,4
4 | 4200 {395 |0641]| 10 [23.70]385] 62| 8.0]|0.330[0.246] 37.2
5| woee | v10l0276] 20 | 5.100]0.828]113.7]133.5[12.8 [147 | 241.
6 | 1s00 |2.30{0373] 20 | ©.90]112 | 48.2| 51.5]4.07 |4.62 | 145,
2| 3000 |2.90]/0471] 15 [11.60[1.88 | B8.0] 10.0|0561]|0608| 22.0
8| 4300 |4.15]0.674] 10 |24.90|4.04 | ©.2] B8.0]0.3140.32)] 37.2

9 | wyak | 5.25[0.868] 20 |16.05{2.60 | 27.V }32.0{0974| )12 Bi.3
to | overe | 5235 (0.868] 20 [16.05§2.60 | 27.3 |22.5{0.989]1.12 B1.9
1\ | \OLE | w75 |o.284] 20 | 5.25(0.852] 97.9 | W4.5]10.7 | 12.3 | 2)4.

12 ] 500 |2.45]o.33s] 20 | 7.25[1.19 [43.2] 51.0]3.39 |2.89 | 130.
12} 2000 |2.75]|0.446] 'S 100|799 )] 7.3 | 8.5/0.503]0.585] 29.2
14| 4300 |4.10]0.665] 10 |24.0013.99 | G.1 | 8.0]|0.248]0.328]| 24.4
15 | wrere | s.250.852| 20 |i1575]2.56]26.5]31.5{0977]1.1V ] 79.5

FUEL TEMP, AT ENGINE 2 0 °f DENSITY =

FUEL DENSWTY AT 72°F=_0.220 ¥~y = 0.745 3/
COMMENTS 4300 WAS Y0P RPM 5 ENGWE \DLED AT 800 RPM ; TUNED

AFYER RUN |0, FUEL '0\L RATIO 501 ; N0 CARBURETOR
ADIUSTMENT

6o "m/4al (9_O°F)
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TEST ENGINE No.__ 9 TYPE_ 1%l JOANSON 40 Wp
FUEL USED|TIME [FUEL RATE [SAMPLE(32°F)] SAMPLE % | SAMPLE
OF FUEL BY RATE,
RUN [conpIT1oN b, |32l |min “’%» 3"/» > wl [SOL. Jwr. | ¥/ he
| IDLE | 2.25[{0364] 20 |©0.75] .09 | vi44] 1244 973 ] u.2 | 343
2 | w500 |3.25]0525] 20 [9.75 ] 158 | i51.5]. 1920 9.6 ]10.3 | 454.
32 | 32000 |4.00|0646] 15 |16.00] 259 ] 54.4] (S0 2.66} 300 | 2!8.
A | 4500 |3.65]05% | 10 ]21.90] 354 | v3.2| 155]0.0%4 |0397 19.2
5 | 5000 |4.75]03767] 10 128.50]4.60 | 9.L | 1.5]0.3%]0.440 576
© | \bLe | 2.50|0404] 20 | 2.50] .21 |106.G ] 260 B.24]9.40] 320.
1 1500 3,10 |0.501f 20 | 9.30) 1.50 [139.9 | 163.5] 8.94]9.95 | 420
8 | 2000 |4.45|o.719f 1s [12.80] 2.88 | 54.0| 655|241 |2.68 | 216,
9 } 4500 }4.10|0.662] 10 ]|24.60] 397 | 11.0] 13.0 | 0.519 |0.59) 6.0
10 | 5000 |4.90]092] 10 {29.40{4.75| \.2] .( |0.053]0.054 7.2
11 | CYCLE 15900953 )] 20 {17.70] 2.8 | S%.9 [ 10.5] 1951224 | 180.
12 | evete | ©.20[1.00 | 20 |18.60] 3.01 | ©6.9] 795 | 2,10 | 2.38 | 201.
13 ] 1DLE |2.25|0.264| 20 | ©I5] v0Y | n3.4]134,0] 973 | 1) | 340
*14 | 1500 |2.90 {0469 | 20 | 870141 |'34.0 |iets] 9.00 | 10.2 | 402.
15 | 3000 |4.40 Jol]| 15 [11.60]2.84 | 587 es.0 ] 242 |2.94 ] 219,
16 | 4500 | 3.90 |0.630] 0 |23.40}3.78 | 12.2 | 15,0 | 0.629 |0.690 13,2
17 | 5000 |{4.85]07284| 10 [29.10{470 | 3.5]| 4.1 }|0428 |0.159 2).0
'8 | cYalE | .20 [1.00 | 20 [18.60] 3.01 [ 58.6 | 3.0 182 |2.08 | 176.

FUEL TEMP. AT ENGINE 2_90 °F

FUEL DENSITY AT 712°F=_06.248 ™~/. =049 3/
COMMEATS ¥ WWITE LAYER PRESEAT UNDER NORMAL SAMPLE (ABOUT 10 ml)—

DENSITY =

©.189 "~/qa1 (90°F)

SEE PRAOY0 tN) TEXT ; ENGINE \DLED AT 1000 RPM: TUNED AFTER RUN \2)

FUEL 0\l RATID 24:) , N0 CARBURETOR ADJIUST MENT
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1967 EVINRUDE BOhp

TEST ENGINE No.__!10 Tyee
FUEL USED|TIME, |[FUEL RATE [SAMPLE(32°¢) SAMPLE % | SAMPLE
. OF FUEL BY| RATE,
RUN [conpiTion| b, |aal | min “’%, BM/M > wl Yol JwT. | ¥/ he
| iOLE | 4.55]0.739] 19 [14.37] 2.33]442.4{538.0| 19.2|2).4 |1397,
2 1500 |5.70]0.925] 20 |[17.10] 2.78])340.4]Aa11.0} 11.7 | 13.2]102}.
3 2150 | 7.10 |%.\S 15 128.40/4.61| 4.1| 4.8}0.110 |0.127 16.4
4 | 2000 |5.85[0.950] 10 |35.10| 5.70] 24.8] 29.5{0.920]| 0.935| 49.
5 | 5000 |8.15]1.32 | 10 }4%.90] 7.74| 5.7} GI1.5]|1.23 | 1.40 | 3,0,
(73 1ote | 2.90]0.623] 20 |11.70] 1190 1289.6 |465.5] 19.4[22.0 {11 69,
7 | 500 |4.45]0722] 20 |13.35) 2.7 2709 |320.5] W7 [13.4 | e1a.
8 | 2750 |5.95]0966| 15 |232.80]3.86] 22.6]| 27.0|0.738/0.837| 9.4
9 | 4000 |575]|09331 10 {24.50|5.60] 21.6| 33.0]10934|1.00 | 1b6.
10 | 5000 |8.20|433 | 10 [48.60{7.99] 47.9]| 57.0] L.13 | w29 | 287,
11 | cycee [9.15(149 | 20 |2745]4.46{11551136.0|2.41 |2.78 | 246.
12 | cveee 9300051 | 20 |27.90]4.53 |121.5 |144.5]|2.53 | 2.88 | 364.
13 | \owe | 2.85]|0.625] 20 {11.55]1.88./360.0|428.0]18.) |20.L ]1080.
14 | 1500 [4.75 0171 20 [14.25] 2,31 |302.5{358.5(12.3 | 14.0 | 908.
151 2150 |6.75{1.10 | 15 |27.00|4.38 | 25.8] 31.0{0.745]0.B43 | |03,
16 | 4000 |5.85]0.950] 1o |35.1015.170] 27.2 ] 32.5]10.904]1.03 | 143,
t7 | s000 |8.00|430 | 10 |48.00]7.79 | 49.6] 5%.0]1.20 |V.3] | 298,
18 | cyate | 910|148 | 20 [27.30(4.42[\14:2]\34.5]|2.40 |2.17 | 243
19 | ioLe |3.75]0.609| 20 |11.25]1.83 [282.8|456.5]/19.8 [22.6 {115].
20 1500 |4.350.706| 20 [13.05]2.12 [120.4[140.0 5,28 | .10 | 36l.
21 2750 |5.55]0901| 15 [22.20{3.60] 16.6] 19.5|0.572{0.65)] GG.&
22 | 4000 |555]0.901| 10 |33.30!3.60| V1.2 ] 20.0 [0.586 [0.683]| 1p3.
23 | 5000 |300}1.30 | 10 [4B.00]7.79| 49.7 ]| 58.0} 118 [ 137 | 298,
24 cycLeE |9.10{ 148 | 20 [22.20{4.4% |1\4.1 1245|1240 | 2.76 | 342,
25 | \OLE |3.60{0584] 20 [10.80]1.75]203.3|355.5]16.1 | 18.6| 910,
26 1500 | 4.50|0.731] 20 [13.50]2.49 |2729(320.5]11.6 | 134 | B19.
27 | 2150 |6.00[0974] 15 |24.00|390 27.0] 21.0{0.B41]0.992] 08.
29 4000 | 5.6010909] 10 [22.60{545]| 19.8 | 22.0]0.66B]0.779] 119.
29 5000 |[8.00]/1.30 | 1O [48.00]7.79| 53.4| ¢2.5]| V.27 | 1.47 | 320.
FUEL TEMP. AT ENGINE ¥_90 °F DENSITY =_6.16 “"‘/vl(9_0_°F)

FUEL DENSIYY AT 12°F=_0.22 "~/4a =045 S/l

COMMENTS _ENGINE
Low-SPEED JEYT SLIGHTLY LEANER AFTER TUNING | FUEL_‘.O\L

IDLED _AY 900 RPM

TONED AFTER RUN \7,

RATIQ 50\
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TEST ENGINE No.__1l  TyPe__'97) CHRYSLER 55hp
FUEL USED|TIME [FUEL RATE [SAMPLE(G2°e SAMPLE 94 | SAMPLE
OF FLUEL BY RATE,
RUN [conoition] 1b.. |aal | min “D-A, el ml oL TwT. | ¥/ he
v | 1iowe | 1.20lo.v95) 20 | 3.60]0.586] 75.7] 90.0] 122} 13.9| 227
2 1500 2.2510.3bk} 20 | 6.715]1.10 551 6.4]0.462 |0.539 16.5
3 2750 3,85 (0.627] 15 [15.40]2.5) 0.4| 0.5]0.02 ]o.02 1.6
4 | a000 |4.00]0.651| 10 |24.00]3.91 |*
5 | 4600 .05 0985 10 [36.20]5.9) 0.4| 0.5]|0.00 |0.02 2.4
@ | wLe 1.40 |0.228} 20 | 4.20]0.684] 74.4] B2.5] 0.1 | 1.7} 223.
7 | 1500 2.30 [0.275) 20 | @.90{%12 | 3.0 | 32.8]0.2(8{0.288 9.0
8 | 2050 |35 0.0t | 15 |15.00]2.44] 06| 0.6 |0.03 |0.04 2,4
9 | 4000 |3.90 |0.625] 10 [2340]3.8]
10 | 4600 |s.70(0.928] 10 [z4.20]5.57 [*
11 | cyere }|5.1510926] 20 {11.25]2.8) 2.8 3.6 | 0.102]0.107 8.4
12 | cvete [5.90 jo96t] 20 Ju7.70i2.88 ] 49 | 5.9 ]oabz]o182| 14.7
13 | 'oE .35 |0.220| 20 | 4.05]0.660|(8.7 | BLS| 979 { W.2 | 2006.
14 | 1500 }2.15]0.250] 20 | 45|05 | 2.9 | 3.4]0.257]0.297 B.7
ic | 2750 |=2.95]0.643] 15 [i15.80]2.57 |*
16 | aoo0 |4.05 |0.66O| 10 |24.20]3.96 |¥
177 | 4000 |6.20 {1.01 | 10 ]27.20}G.0C
18 | cyete }5.80 0945 20 [12-40{283 | 5.4 ] 5.8]0.162{0194] 15.3
FUEL TEMP. AT ENGINE 2 90 _°F DENSITY = _ 614 /a1 (90°F)

FUEL DENSNY AT T2 F=_@20 ®=/a =_0743 3/

COMMENTS ¥ SAMPLE TO0 SMALL T0 MEASURE, OBSERVED AS DROPLETS

ON INSIDE BOTTLE WALLS , ENGINE IDLED AT 900 RPM . TUNED AFTEPR

RUN 12 { N0 CARBORETOR ADJIUSTM ENT ; FUEL :0lL RATIO

501\
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YEST ENGINE No. 'Z  TYPE_1953 JOHNSON 10 Wp

FUEL USED|TWME, |FUEL RATE |SAMPLEL12F) SAMPLE % |SAMPLE
g OF FUEL BY RATE,
ROUN oITION] tb . [22l | min “"‘A' el 3 wl VoL [ wr. | ¥/ he
\ IDLE 2.0 | 0.32] 20 6.0]0.97] 92.0J115.5] 9.45|10.71 29\.
2 | o0 2.2 1036] 20 | ©6]1.06] 72.1].850| ©33]17.25] Zl6.
3 | 2150 | 2.6 |oaz ] 1s |10.4]1.6B] 43.6] 515} 3.25) 370 \74.
4 | 4000 25 |oao ] 1o |15.0]2.42] 5.7] 6.4]0420(0.503 24.2
g | asos | =22 Jo51 | o }19.2]3.00] 2] 7.110.366}042)] 37.2 |
e | e |22 036 | 20 | 6.0 [1.06]1043]125.0] .20 10.5 | 313,
7 | 1500 2.4 1039} 20 | 7.2 L\Q 1.6] 46| 6A5] 131 | 239,
B | 2750 23 10371 ¢ | 92|48 ] 48.3] 515]4.8) | 463 | 133.
9 | A000 2.6 {642} o hsblzs2 | 1.t 127]enet lag4t] ©G.6
w0 |aceo |31 Joso | w [18.603.00] 7.5]| 8.5]|048]6.523] 45.8
Wt levae [ 30 Joas | 20 | 9.0 has 2970425269 1292 | 9.
12 leyae |29 {047 20 | 8.7]140[34.3 410 12,31 1261 | 103,
FUEL TEMP. AT ENGINE ¥_90 °F DENSITY = 6.1%9 “"‘/yl('ﬁ"f)

FUEL DENSITY AT 72°F=_0258 ®x/fq = 0.150 /el
coMMENTS ENGIVE TESTED AFTER TUNING ONLY ; USED PRESSURE —

YYPE TANK ; ENGINE IDLED AT 1000 RPM; FUEL :O0IL RATIO0
¥\ '
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TEST ENGINE No. 13 TYPe_ Vb1 JORNSON 33 hp

FUEL USED|TIME, |FUEL RATE |SAM PLE(72'F) SAMPLE °% [ SAMPLE
. OF FUEL BY RATE,
RUN [conoimion] 1b,., [aal | min =g 1ALl 3 | wl [N Twr. | ¥/ he
| \DLE | 2.30 |0.374] 20 | 6.90] 112 |205.0}2405] 12.0] 19.6 ] &\5.
2 | 1500 |3.00|0.487] 20 [9.00]1.46]115.61137.0] 7.43 | 8.50] 341.
3 2750 |3.05 1049%6) 15 12.20]1.98 | 26.5] 31.5]1.68 | \.I2 106.
4 | 4000 |2.90]0.47t1] 10 |11.40{2.83| 8.6] 11.0|0.617]0.654] 5.6
5 | 4500 |3.60}0.585] 10 |21.60]3.51] 10.9 | 13.0]0.587]0.667 5.4
¢ | 1pLE [2.20}0357] 20 | ©.60}1.07 [183.3]226.2|16.7 | 19.0 | 568.
7 | so0 }2.85]0463] 20 | 8.55{1.29 [119.7[141.818.09 |9.26 | 35).
8 | 2150 }3.350.5a4| 15 [13.40|2.8| 22.8] 22.0}1.31 ] 1.50 91.2
9 | 4000 |2.85]0.463] 10 |17.102.78 | 12.0]| 14.0}0.799]0.928) 72.0
10 | 4500 |3.50]0.569] 10 |21.00{2.41] 15.9 | 20.1]0.933] 1.00 95.4
1V | eyer®e |4.5510.039] 20 [12.65|2.22 | 67.9 | 80.0]2.86 3.29 | 204.
17 | eyere 470 lo.764| 20 [14.10]2.29 | ©9.8 | 82.9{2.87 |3.27 | 20).
13 | 1oLe |2.05]0.339| 20 | 6.15[0.999 |232.5{278.2{21.7 |25.0 | GI8.
14 | 1500 [2.850.403| 20 | 855|139 [121.3[14s.1| B.28 |9.38 | 364.
15| 2350 |3.10]0.504| 15 hz.40]2.00 | 31,7 32.3] 196 {2.25] 127.
16 | 4000 |3.150.512] 10 [r8.90(3.07 | B.B| \1.2[0.578]{0.6I6] 52.8
17 | 4800 |3.85{0.626| 10 |23.10|3.75] 15.6] 19.9 [0-840]|0.893| 93.6
18 | cyere {4.50/07131| 20 [12.50{2.19 | ©3.4] 70.1 [2.53 | 3.1} | 190.
FUEL TEMP. AT ENGIWNVE ¥ _90 °F DENSITY =_6.154 “'-/%d(‘é_O”F)

FUEL DENSIY AT 72°F=_6212 ®~/q = 0744 2/
coMmENTS ENGINE 1DLED AT 800 RPM; TUNED AFTER RUN 12 HIGH-
SPEED JET SLIGATLY RICHER AFTER TUN\NG: FUEL :0'L RATIO0

50:\
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TEST ENGINE No. 4 TYPE 1968 MERCURY 95 hp

—T0P TWO DRAINS —

FUEL USED|TIME,[FUEL RATE [SAMPLE(12°) SAMPLE °4 | SAMPLE
OF FUEL BY RATE,
RUN [coNDIT 10N b jaal |min "“'Zn el 3 wl INoL. JwrT. | ¥/ he*
i IoLE | 1,90 {0.308] 20 | 5.70]0.925] 184 21.0] 1.80] 2.13 82.8
2 1500 2,05{0495] 20 | 9.15]1.48 | 409 | 42.0] 2,51| 2.96 184.
3 | 2750 | 5.9010925] 15 |22.803.70 | 164 | V9.0 |0.543]0.623 96.6
4 4000 | 5.65{09\6 ]| 10 ]33.90{550 | 49| 5.4|0.156]0.19) 44 .\
5 5000 | 9.451Vv53 | 10 |56.20|3920 | 2.7 | 3.2]0.055]|0.063 24.3
© IDLE .95 [0.316 ] 20 | 5.8510949] 15.5 | 18.5] 1.65| w15 69.8
7 1500 |4.00 J0.649 | 20 |12.00]L95 | 29.]1 | 455|185 |2.\S | 176.
8 | 2350 |sasl0933] s }23.00{373 | 15.2 | 18,0 |0.510|0.587] 91.8
9 | aov0 | 5800941 10 (3480|564 | 42 | 5.2|0046|0.160] 37.8
\0 | s000 {9.20(14) 10 |55.20{895 | 2.7 | 3.4 |0.060]0.065] 24.3
11 | cvee [ 8.85 13y | 20 [2565]4.6 [18.3 |21.5 [0.403[0.472] B2.4
12 | vk | 8.80 {1.43 | 20 |26.40]a.28 | 19.8 [23.5|0.434|0.496| 89.)
13 | DL [195]0316] 20 | 5.85/0949]12.8 |15 | w26 {144 | 57.0
14 | 1500 |45 |0370] 20 [14.25]2.31 | 352 }29.9 | 137 | 1.04 | 159.
\5 2150 | 50010908 | 15 |2240]3.63 | V7.7 |22.8 |0.663{0.697] 106.
16 | 4000 }s5.50]0.892] 10 |33.00{535 | 6.2 | 6.8 |0.201]0.253 56.7
17 | 5000 |9.40}1.52 | 10 |56.40{915 | 4.9 | 5.0 |o.087|l0.N5| 44.)
18 | CYULE |9.40|hL36 | 20 |25.20{4.09 |19.3 |2).1 [0.410]0.507] B6.B
19 |* 1500 }3.80 |00le| 20 [11.40{185 23512575 227 [1 96 | Va6,
20 ["eyae [14.40(2.34 | 40 [21.60]3.50 35545 0597 0531 87.8
21 |' woe | 2.05]0333] 20 | 6.15[0.998 2260 [ vwy vz | 192
22 ['oE 1695|292 | 40 [2s.02]4.08 50255 0.599]0.542| 102.
FUEL TEMP. AT ENGINE ¥_90 °F DENSITY =_6.165 "=/pal (90°F)

FUEL DENSITY AT 72 °F=6.224 P~/ =0146 3/
COMMENTS YRATE SHOWN 1S 15 TIMES THAT .COLLECTED,SINCE 2 OF 3 DRAINS

WERE INTERCEPTED ; TSEPARATE SAMPLES FROM TOP AND CENTER DRAINS  TUNED
AFTER RUN 12; 500 RPM 1DLE | NO CARBURETOR CHAAMNGES: FUELI0IL RATID 50:1
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TEST ENGINE No. 15/15A Ty pE 1963 GALE GOYp /1368 EVINRUDE 65 hp

FUEL USED|TIME,|FUEL RATE [SAMPLE(12°s) SAMPLE %% | SAMPLE
. OF FULUEL BY RATE,
RUN JCONDITION] Ib,. [aal [min o= 80/ o | wl gr T wr | ¥/ ke
\ | \DLE | 2.510.247] 'O |12.90] 2.08]433.3|531.0] 40.4 |44 .4 ] 2600.
2] 1500 {2.3510380] 12 J1L.75] 1.901439.0|536.0132.3 |141.2]| 2198, |
31 2150 |3.75|0.606| 10 |22.50| 3.64{22.6]278.5}12.) |]13.0] 1330.
4} 4000 |5,05(0.810| 10 |30.30{ 4.90]207.2{2605| 842 [9.05} 1244,
51 5000 }|7.20]|0L16 10 (43.20] ©.98}254.9[%07.2]12.00 | .80 | 1529.
¢ | IDLE 2.40|0.288] \1.5]12.52| 2.02|439.5]539.0]26.7140.4| 2293,
71 1500 | 2.40/0388| 12 |12.00( 1.94]443.2 |541.5(36.) [40.7 | 22 16.
8] 27150 | 3.00{0582]| 10 |21.60]| 3.491227.7(274.5{12.5]13.9 | 1306.
9| 4000 | 4.700.759| 10 |28.20| 4.56200.7 {240.0| B35 [9.4\ |1204. |pN,. IS
10| 5000 | 7.00(1.13 10 |42.00] .79 |247.4|298.5| ©.98 ] 7.79 | 1484, 4
1] eyeLeE | 7.8011-20 | 20 [23.40)3.78 |4907(579.5|12.2 [13.6 ]| 1447, ﬁ
12 | evere | ®.00f12y | 20 |29.00] 3.8% |521.7 |e43.5{13.2 | 14.7 | 1595,
13 ] \DLE 2.70{0.437] 1§ 9.00 | 1.46 [423.4]|514.5{31.1 |34.6 | 1A\,
14| 500 3.25(0542| V1.51W49 ] .86 |422.6}514.0|25.1 |27.8 \449.
15| 2250 | 4.55(0937] 15 |18.20}2.95] 19.3| 23.5|0.842]0.935 17.2
16 | 4000 270 |0.599 | 10 |22.20|3.5) | 25.7] 31.0{1.37 |1.63| 54, No.1SA
17 1 5000 ©.25]1.0\ 10 |37.50]| 6.07 486 |177.5{4.64 | 524 BY2,
13 | YE | 745|116 20 |21.45]3.47196.91235.0{5.35| ©6.07] 59{.
13 | eyete | 705 {01 20 121.4513.471187.0(225.015.1\2 | 517 561,
20 | 1DLE 2.60/0.42V ] B B8.67 ] 1.40 |420.6 |S11.51 32.1 | 35.7 | \4-02,
2) | 1500 2750.607] 19 [11.84]1.92 {423.9]512.5]22.3 | 24.9 |13 39,
22| 2150 | 4.95(0.301]| 15 [19.80] 3.2V | 4.5} S0.0] V.65 | 1.85 | 166,
23| 4000 |4.25|0.688| 10 [|25.50{4.13 | 24.4] 29.0] L. 0\ | .27 | 146,
24| 5000 | @.70(V.0B | 10 |40.20] @.5) |151.2 h80.514.42 1498 | j01
FUEL TEMP. AT ENGINE €_90 °F BENSITY = 16 “"‘/y-‘((EF)

, 2 (¢
WEL DENSITY AT 7127 F=%8ms tn i =She 8/
toMMENTS ENGINE REBUILT (NEW POWER MEAD) AFTER RUN 12, HENCE "A°

DESIGNATION ; 1DLED AT 1000 RPM ;, FUEL 0\L RATI0 24:1 FOR ‘5 AND
5011 FOR 15A (AFTER BREAK -IN)
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TEST ENGINE No._ 16 TYPE_ 1964 MERCURY 6S hp
F‘ONE DRAIN ONLY —

FUEL USED|T\ME, [FUEL RATE |SAMPLE(72%) SAMPLE °4 |SAMPLE
OF FUEL BY] RATE,

RUN [CONDITION] tb,. |aal | min {b=f, el & wl [NoL. TwT. | ¥/ he ¥
\DLE | 2.50(0.405] 20 | 7.50] 1.2\ | 20.4] 240157} .80 ] 122
1500 | 3,75/0.608| 20 {w.25]1.82] s5.0]. ©5]0.282{0.294| 320.0
2750 | 5.2510.8563 15 [2L00] 343 ] 2.6] 4.5]0.39]0.0Y 20.8
4000 [4.20][0691] 10 |2580]4.15]| 1.5| 1.8 |0.009 [0.077] 18.0
4600 | 7.50]v.22 | 0 |45.00]{ 7.30| 0.8 | 1.1 ]0.024]0.024 9.6
\DLE | 2.80]0.454| 20 | 8.40) .36 |22.8 | 272.0 { .57 | \.BO | 12 7.
1500 | 3.95 |0.bAl| 20 |W.B5{ 192 ] 2.6 | 9.5]0.292{0424] 45.¢
2750 | 5770 J0.Y25) 1S |22.80|3.70 ) AL | 6.0 Jo.n7{]0.178] 26.8
4000 |4.30]0.691] 10 [25.80}j4as]| 0.7 1.0 ]0.038]0.036 8.4
4200 |7.35]|119 10 [44.10{7.15] w6 | 1.8 {0.040|0.048]| (9.2
i CYeltE | 8.60 |1.39 20 |25.80|/4.18| 2.8 | 55]0.05|0.097| 22.8
12 | ciete | 8.651.40 | 20 |25.95(4.21] ©.5| 8.5]0.1600.166] 39.0

20

20

;ww\IG’U’lP‘wN—

13 | \DLE | 2.45|0.397 7350119 | 24.2 | 29.0 | v93 |2.18 | \AS,
14 | 1s00 | 3.75|0.60} n25/1.82| 6.6 850290288 39.6
15 | 2950 | 5.50]0.893] 15 |22.00]3.57] 3.5 ] 4.0 [o.ns]0a40] 28.0
16 | 4000 | 2.70 |0.600| 10 [22.20{32.60| 0.6 | 0.9 |0.040|0.02] 7.2
17 | s000 | 23511y | 10 |44.0] 7.15] 1.0 | 1.3 10.029|0.030| V2.0
18 | crere | 835135 | 20 |25.0504.06] 5.0 6.5{0027]0432] 20.0

FUEL TEMP. AT ENGINE 2_90 °F DENSITY =_6.165 “'-/zgl(&’F)

%L DEU$\TY AT ",2'F= G.?.24' “"-/a“ =0-—74G b/..l
COMMENTS ¥*SEE ENGINE 4 DATA SHEEY ;| SAMPLES VERY DARK IN COLOR

(SEE PAOTYO IN TEXT); ENGINE 'DLED AT \000 RPM ; N0 CARBURETOR
ADJIUSTMENT ; TUNED AFTER RUN \2, FUEL:0W RATIO 50:\
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TEST ENGINE No. |7 IYPE 1963 MERCURY B5 wWp

f=- TOP TWO DRAINS —
FUEL USED|TIME, |FUEL RATE [SAMPLE(12°%) SAMPLE °4 | SAMPLE
. OF FUEL BY| RATE,
RUN [conoition| i, [aal | min B fe [PV 0] 3 ml VoL Jwt. | ¥/ he ¥
i | \oLe | z.40]0.288] 20 | 220 | 12| 199 22.5) 160 | 1.83 89.6
2 | 1500 | A4.65{0.153] 20 |12.95{2.26 ] 409 | 46.5 | 1.63 | 1.94 | DA,
3 | 2700 | 5.05(0817] 15 |20.20f13.27] 50! 55 |onglons|  20.0
4 | 4000 | 4.10]0.664| 10 |24.60] 2.98]"-
s | sooo | 5.80]0929| 10 |34.80] 5.63}"
© | e |2.50/0405| 20 | 17.50) v.21| 24.2]| 28,0 | uB2 {243 | 109,
7 | oo |4.40]0.712| 20 |12.20] 204 226 | 38.9 | 1.44 | V6B | 151,
B | 2250 |4.65]053] 15 [18.60| 3.0V 57| €3 |0.221]0.270 34,2
9 | 4000 |4.20 |0.080| 10 |25.20|4.08]"
10 | s000 |[s.95]0963| 10 |2570( 578"
11 | oYk [ 690 (142 | 20 {20.70] 2.35] 12.6 | 15.0 |o354 | 0403 | 567
12 | cevere | 6951112 | 20 [20.85]3.37] 12.0 | ¥5.2 |0.259 |0.412 58.5
13 IDLE 2.50 {0.405] 20 | .50 | 1.2V | 139 | 16.2 | 106 |23 02.6
14 | o0 |4.55(0.136| 20 |13.65|2.21| 351 |40y {47 |v70 | 5B, |
1s | 2350 | 525 |0.850] \& |21.00]32.40| 9.3 |10.4 |0.223|0.291| 55.8
\e | 4000 |5.60 [0.906| 10 [322.60] 5.44)"
17 | so00 |7225|117 | 10 |43950|s.01 ]
\8 | eyere | 2,20 |17 20 [24.60]3.98] 1.3 V4.8 |0.246]0.334] 50.8
FUEL TEMP. AT ENGINE 2 _90 °F DENSITY =_b.\78 “‘"/%ml(‘ii"F)

FUEL DENSITY AT 12°F=_0:237 “~/f. =0747 3/u
COMMENTS ¥SEE DATA SHEET ON ENGINE 14 ;'SAMPLE 700 SMALL 1O

MEASURE | ENGINE IDLED AT 900 RPM. TONED AFTER RUN 12 NO
CARBURETOR ADIUSTHMENT | FUEL::OIL RATIO 50\
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TEST ENGINE No._ I8 TyPe_1968 EVINRUDE 85 hp

FUEL USED|TIME |FUEL RATE [SAMPLE(32°c) SAMPLE % | SAMPLE
- OF FUEL BY| RATE,
RUN [conpimion| 1b,. [aal | min Jo=f, el 2 ml oL, Jwr. | ¥/ he
\ IDLE A50|0927]| 20 |12.50) 2.18 | ©09.9] 742.0] 27.0 |29.9 | 1830.
2 | wsoo | 2.50]|0404] 9 |16.67] 2.6y | 256.0] 204.5] 20.6 | 22.6 | V107,
3| 2950 | 5.4as|osni] 14 22.20f32.78 | 2589 ] 319.5] 958 |10.5 | 110,
4 4000 710 | 18 10 |42.60| ©.8% }170.8)207.0] 476 | 530 | 1025,
5| 5000 |830]1.24 | 0 [49.80] 8.05 {2339 |282.0] 5.56 | ©.2) | 1403,
(3 iIDLE | 32.850.622] 20 |W.55] .87 |594.7 |723.5] 307 | 24.1 | \184.
71 1s0 |2.20]035¢] 8.5]15.53]2.51 |256.8{320.0{227 |25.7 | 1813,
8| zso | 5.40|0813) 12 [2492]4.403 |252.4|%10.5] 940 [10.3 | 1170,
S| 4000 | 235 ]%19 | \p |44.10]1 713 |157.6]191.0] 4.24 | 413 | 940,
10 | sp00 | 835|135 | 10 |50.10{B.10 |228.6]272.5| 5.35 | 6.04 | 1372,
11 | cyeee [10.001.02 | 20 ]30.00/4.85 |424.1|513.5] 8,27 | 9.35 | 1272,
12 | cyae |10.00 (162 | 20 [20.00 485 |417.3]|510.5] 8.32 | 9.20 | 1252,
132 | \DLE 42010679 ] 20 ]|12.60]|2.04 |226.6 |420,5[ 6.4 |1V\.9 | 68O,
14 | 1500 4495|0800 20 |14.85]2.40 |240.2]284.0| 9.28 |07 | 721,
1s ] 2350 | s.00 |0808]| 15 |20.00}3.23| 78.0| 91.0} 298 [ 344 | 312.
16 | 4000 | 6.50 |05 | 10 [29.00]0.20} 86.9[104.4]2.63 |2.95 | 521,
17 | s000 |8.30[134 | 10 [49.80]8.05[218.5{261.5| 515 | 5:80 | 1311,
18 | Yue | 955 v54 | 20 [28.65]4.62]226.31270.5| 444 | 522 | (79,
FUEL TEMP. AT ENGINE €_9%0 °F DENSITY =_b.18b "'"/%«1(9_0"‘:)

FUEL DENSITY AT 12°F=10245 w/g =_0748 3/
COMMENTS ENGINE 1DLED AT 800 RPM, TUNED AFTER RUN \2Z ) FUEL.OIL

RATIO 503\ °, CARBURETOR SOMEWHAT LEANER AFTER TUN INE
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TEST ENGINE No._ 19 TYPE 37! CHRYSLER 4Shp
FUEL USED|[TIME, [FUEL RATE [SAMPLE(2') SAMPLE %4 | SAMPLE
RON Jonomion] 16 [at [ min [P£ PVl 3 [ =1 [or T ¥/ ne’
I IDLE  } 1.90 [0.208} 20 [ 5.10]|0.923} 2.5f 2.5[0.214]0.2%0 1.5
2| w00 |250[oa0s| 20 | 7.50f12¢ L.Of. 1.\ jo.022{0.008 3.0
3 | nso Jaes josn| s |a.eo]z36 |
4 | 4000 {305 |0.591) 10 [20.90)2.55 %
S | 4400 |[5.05 [o.818] 10 |30.30{4.9\ .4] 0.6 ] 009 |0.061 8.4
@ | BLE 2.10 [0.340] 20 ©.3011.02 LS| uB o0 lo.as? 4.5
7 | vo00 245 10337} 20 | 7.3511.1Y w2} usijo.l00}o.10) 36
8| 2750 |4a.20 o680} 15 [ve.80]2.72 |*
9 | 4000 |35 |o623] 10 [2z10]3.24|F
10 | 4500 |s.05 [0.818) 10 [30.30{4.%)1 ] 0.9 | 0.7 |v.023 [0.03) a5
11 j ocre [s5.55 0899 20 [ie6Gf2.70 ) W5 | 2.0 [0.05) [0.060 4.5
12 | e |s8s 0347 20 |i.55]284 ) o9 | 1.tz Jo.024 2.7
13 iDLE 1210 0,340 20 | ©.30] 102 | 3.} 3510.272 |0.325 %3
14 | 1200 [2.55|0.43] 20 | 7.65{124 | 0.7 | 0.7 |00as]o.06l 2.1
15 | iso0 |2.55(0413) 20 | 265124 |F
16 | 1se |4.20 [0.680} s [16.80]|2.72 | 0.6 ] 0.8 jo.031 |0.032) 2.4
17 | 4000 [z85|o623] 10 |23.0|z74 |* |
18 | 4450 |5.20]0842) 0 |3t20(5085 ) 0.8 ] o8 |ow2s je0za A3
19 oUME |5.95109%4] 20 [v1.35](2.8% | 0.% <2 j0.036 [0.833 2.}
FUEL TEMP. AT ENGINE 2 90 °f DENSITY =_G.\15 “""/gd(’ﬁ"‘)

FUEL DENSITY AT 12°F=_6234 B~/ = 0.747 3/}

COMMENTS FSAMPLE T00 SMALL 70O MEASURE, BUT OBSERVED DROPLEYS ON

BOTYLE WALLS S ENGINE DLED AT 750 10 850 RPM° TUNED AFTER Rua)

12 NGO CARBUREYOR ADJUST MENT ; FUEL :0IL RATI0 50:1\
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TEST ENGINE No._ 20 IYPE 1968 SEA KING 45 hb

FUEL USED|T\ME,[FUEL RATE |[SAMPLE(32°) SAMPLE °%4 | SAMPLE
. OF FUEL BY| RATE,
RUN lconoiTion b |aal |min “’%' 3“‘/» ¥ wl oL, Jwr. | ¥/ he
\ IDLE | .35 [|0.21)| 20 | 4.05|0.656] ©7.4]\06.5|12.8 ] 14.3| 262.
2| 500 | 2100340 20 ]| ©.30[0.02 | W.9| 14.5] 1113 | 125 35.7
3 | 2750 | 295]|0478{ 15 |1.80|\9N Ll .3 ] 0.012 | 0.082 44
4 | 4000 3,10 |0.502| 10 [18.60{3.00 | 0.4] 0.3 |0.016]0.028 2.4
5| 4150 | 515(0.834| 10 |30.90|5.00 .81 2.3]0013]0.077 10.8
G IDLE 1.55 |0.25\| 20 4465107531 12\.1 |\40.0 | 15.6 | V1.2 363.
1 1200 240 {0389 20 | 2.20)117 | 25,21 30.5)| 2.07 | 2.3) 75.0
8] 2150 | 3.65(0.591] 15 |14.60]2.36]| 0.8 | 0.6 ]|0.027]0.048 3.2
9 | 4000 | 3.30]0.534] 10 |19.90{3.21 | o,V | 0.2 ]|0.010]0:007 0.6
10 ] 4150 | 5.20 Jo.BA2| 10 |2).20i5.05 ] V7 | 2.2 |0.069]0.012 10.2
ity | cYE | 5.00 {0.810] 20 |15.00{2.43 | 3.6 {17.0 |0.554]0.600 40.%
12 | ovae | 4.95|0.802] 20 [1485/2.40 | 129 [16.0 |os27]0574] 38
13| \DLE \.50 10.243 | 20 | 4.50]0.729 | 98.0 |v1).0 | 12.9 | 14.4] 294,
14 ] 200 2.00 |0.224| 20 | 6.00)0972{42,0 52.0 {424 |4.63 ] 126.
\5 | 1500 2.00 |0.324] 20 | ©6.00 |0972] 8.8 | .5 {0.938 | 0.970 26.4
16] 2950 |32.35)0543| & [1240{2047 | 0.5 | 0.6 |0.029 |0.033 2.0
17 ] 4000 3.5 (0510 0 |18.903.06 | 0.2 | 0.2 |0.0\6[0.014 .2
18 | 4750 430 {0.696] 10 |25.80{4.48 | 2.2 | 2.8 | 0106 ]p.113 13.2
19 | cveLe | 520 [0.842] 20 |15.00f2.53]112.2 |15,5]0.486/0.5V7] 36.6
FUEL TEMP. AT ENGIWNE 2_90 °F DENSITY =_bN15S  ™=/pa1 (90°F)

FUEL DENSITY AT 12°F=_0234 "~/ =074 /el
COMMENTS _ENGINE \DLED AT Y00 RPM; TUNEP AFTER RUN 12

NO CARBURETOR ADIUSTMENT, FUEL .0\L RAT\0 501
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TEST ENGINE No._2i TYPE 1953 JOOANSON 25 wp

FUEL USED|TIME,[FUEL RATE [SAMPLE(12°F) SAMPLE °4 |SAMPLE

OF FUEL BY| RATE,

RUN JconpiTion] 1., [aal [min et /4] o [ wl o Twm] ¥/ he
\ \OLE | 2.2510.24] 20 | ©.15{ .09 | 25.7| 31.0| 2.25]2.52 11.1
2 | 500 |5.95]0962] 20 [11.85]2.89 | 4.9]. 5.8 ]| 0459|0482 14.7
3| 2750 |515(0833] 15 |z0.60]333] 20| 3.6/0.114|0.128 12.0
4 | 3000 |32.55]0.574| 10 [21.30]3.44| 2] 1.5]0.069]0.075 1.2
5 |*3500 |2.95|0477| 10 |1.70]286] 2.0 2.6 ]0.1440.149 12,0
@ | DLE 2.9510.477| 20 | 8.85]1.43 3.7) 4.210.233]0.277 A
7 | 1500 5.50 {0.889] 20 |16.50{2.67 | 2.0] 2.G |0.077]0.080 6.0
81 2750 5.20 |0.84\| 15 [20.80] 3.3 ] 3.8| 4.3 |0.25]0.161 5.2
9 | 2000 |4.35]0.703] 10 [26.10{4.22 | z.2]| z.8)0005]00V ]| 13,2
10 [*2700 |3.80 |o.cva| 10 |22.80{2.69] 2.8| 2.00.086]0.162| 16.8
(R trere | 5.75109%0 | 20 |V.25(2.79 4.8] 5.7 |o.1k2 0184 14.4
12 | evete | .90 [1.12 | 20 |20.70]2.35| 35| 4.016.094|002| 10.5
3 IDLE 2.95 10.4717| 20 8.85(1.43 2.0| 2.3 |0.127}0.14)9 6.0
14 ] 1500 (4.95]0.800f 20 |14.85|2.40 L4 | 1.8 |0.069 ]0.062 4.2
is | 2150 [4.50]0.728] 15 [18.00]2.91 | 1.6 | 1.9 |o.009 |0.078 ©.4
1o | 3000 | 2.95]0.639] 10 ]23.70]3.83 .5 1.8 |0.074 | 0.084 9.0
7 [*3200 | 4950671 10 |24.90(4.03]| 1.9 220087 {0aor [ 1.4
'8 Jevere | 595]092%0] 20 |v1.2512.79] 3| 1.6 |0.045 |0.050 3.9

FUEL TEMP. AT ENGINE ¥ _90 °F DENSITY = _ 6184 “=/i1(90°F)

FUEL DENSITY AT 72°F=_06.243 ayg = 0748 3/
COMMENTS USED PRESSURE = TYPE FULEL TANK. . ENGINE 1DLED AT 850 KPM}

FOEL.'OIL  RATOD 24,1 ° TUNED AFYER RUM \2 5 nND CARBURETOR
ADIUSYT MENT ; BOAT AND LOAD SOME WHMAT OVERSIZE FOR ENGINE “T0P RPM
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TEST ENGINE Nea_ 22 YYPE 1960 JOHANSON 75k}

FUEL USED|TwME [FUEL RATE [SAMPLEGD Y] SVPLE %4 | SAMPLE

OF FUEL BY|] RATE,

RUN EW“M b jaal fmin “-,{, H/u b wml Fyor Jwr | ¥/ e
1 | ' OLE | 2.45]103%) 16.5] 891] L4440 7|5430] 26.2}40.2 | 1620
2 | 1500 [3.10fas0 )17 [10.M} +T77]4s1.3[52.5] 284321 | 15%0
3 | 2750 | @.05{0977] 135 [2688) 4.34]|2550306S| 829 329} n30
4 | 3800 [5.60[0904f 10 [33.00] 543[1239.6 [167.0} 48] 550 828
5 | 47200 | 7.25vv7 |10 [43.50] .02 154.6 1060 A.2m] 4.0 928
G | OLE [2.25]0363} 20 | 6.75] 1.0Y }283.0}335524.4 | 23,7 64y
7 1500 |3.20(05172} 20 9.601 155 |335.1 [397.5]20.3 [23.0 {-11.]
B ] 2250 1625[1.00 | 4.6 12571} 4151575 — | — | 9.68] 1060
9 | 3800 [4.8010.775] 10 [28.90] 4.65[148.0]176.0}f Cc00] &BO] 818
10 | 4200 | 2.25[1.0F | 1O [43.50] 1.02 | '47-S|VI7.5] 4.00} 4.49] 0835
1) | CYele 745 11.20 | 20 (2235) 360 [300.3[369.0] 8.2} %9.32] 925
1Z | CRLE [2.25 .17 | 20 [175) 351 3103 13665 8as] %43l 934
13 | ttE | 2950476 20 | B.85] .43 (3767 |A505]250 |28.2 | 130
14 | 1ces [4.10 |0.662] 20 [12.38] 1.99 [ask.8|5425)21.¢ [246 | 1370
IS5 | 2758 68511V | 'S 127.40]4A2}255.2|304.5] 1.25) 8.2t 1020
e | 3800 [s5eSjevz] w0 [33.90] 547)is33v830f 30} s 98] 920
17 | 5000 | 2255007 | 10 [43.50) 2.02) %00 95.5] 2.6} 2.43] 480
W& | OuE [83S 135 | 20 [25.058 404 |a0%.L [498.0f 9slren | 1230

FUEL TEMP AT ENGINE ©_30 °F DENSITY =_&133 “-/?1(‘&‘9

FUEL DENSIIY AT T2°F=_0252 Beyy =083 3/,
COMMENTS ENGINE IDLED AT 300 T0 100 RPM ° FUEL S0IL RATIO 24:1\;

TUNED AFTER RUN V2 . INCLUDING CARBURETOR ABJUST MEAIT, ENGINE

EAAL RBUGHLY AT 4800 RPM | SO WMER MID-SPEED USED wWAS 23800 RPM
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TEST ENGINE No.__ 23 TYPE 970 CHRYSLER 5 Wb

FUEL USED|TIME, |FUEL RATE [SAMPLE(72'¢) SAMPLE % | SAMPLE
OF FUEL BY| RATE,
RUN [CONDITION| 1b,, [aal |min [B=f [/, ] 5 wml [NOL [ wT. | ¥/ he
i IDLE ]0.50[0.080| 20 | 1.50 |0.240] 24.4| 20.0| 99 { L. 7%.2
2 | 1500 |0.50 |0.080| 20 | 1.50{0.240| 0.9] 1.2 | 040 |0.40 2.7
3 2750 |0.85(0.136| 15 | 3.40|0.543| \1.2|21.0]| 4.1 | 4.5 68.8
4 4000 [0.90 |0.144| 10 |5.40|0.862| 45.6|53.5] 9.8 | .| 274.
s |*4400 |0.90 [0.144] 10 |s5.40]0.802]{42.2]50.0] 9.2 | 10.| 253.
e IDLE {0.65[0.104] 20 | 1.95}0.311|24.9120.0} 7.6 | B.4 74.7
7 | 1500 |0.60 |0.09| 20 |1.80{0.287| 0.6| 0.9 |0.25 |0.22 .8
8 | 2750 [0.80{0.128] 15 32200511} 16.0{19.0| 3.9]| 44| 640
9 | 4000 [0.85|0.436| 10 | 5.10 [0.B14} 43,2 150.0| 9.7 | V1. | 259.
10 [*4400 [0.90[0.144| 10 |5.40 [0.862] 247|410 | 7.5 ] 8.5 208.
i1l | cyeee | 1.10]0a76| 20 |3.30{0.527]| 44.6}52.0|7.8) {8.94 | 124.
12 | cyere | 1.25]0.200| 20 |3.75 [0.599] 238.3 |41.0 |5.42|6.45| n15.
FUEL TEMP. AT ENGINVE ¥ 80 °F DENSITY = _©.263 "™-/,.1(80%)

FUEL DENSITY AT T12°F=_0.290 ®~/q = 07542/
COMMENTS ¥ TOP RPM ; TESTED AFTER TUNING ONLY , ENGINE I1DLED

AT 900 RPM ° FOEL :0\L RATIO 161
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*
TEST ENGINE No._24 _ TyPE_'972 EVINRUDE 9.5 wWp

FUEL USED{TIME |[FUEL RATE |[SAMPLE(12°s) SAMPLE °4 | SAMPLE
‘ OF FUEL 8Y] RATE,
RUN [conoiTion| 1b,., Jaal |min |baf 1/ o | wl Koo Twr. 1 ¥/ ne
1 | 1DLE [|0.55]0.089] 20 | 1.65 [0.267] 46.9]|555]16.5]18.8 | 141,
2 | 1500 |1.10}0.078] 20 |3.300.534] 51.0] ©1.0{9.05 [ 10.2] 153,
3 | 2350 125 {0.202] 5 |[5.00 |0.810] 22.0] 20.5{4.12 |[4.7C | 108,
4 | 4000 }120 [0.194] 10 |72.20 h.\7? 711 9.01 123 ] 1.20 42.G
5 [TaLoo [:230 |0.210f 10 |7.80 .20 | 57| 8.0} 101 }097] 324.2
@ | \DLE [0.85}0.138] 20 }2.55(0.413] 49.5]50.5i11.2 112.8 | 148.
7 | 1500 ]0.90[0.146] 20 |2.70|0.437] 48.2|57.5{w.4 .8 | 145,
8 | 2750 |1.50]0.243] 15 |6.00{0972] 23.9]|29.0| 2.15(3.51 95. 6
9 { 4000 |1.50[0.243] 10 [9.00}1.46 | 57| B5.0]0.870]0.828 24.2
10 14600 [1.65]0.267] 10 |9.90{1.60 | 5.7] 7.0]0.693|0062] 24.2
V) CYcLE | 195 |0316] 20 |5.85(0.947] 29.) |35.0]2.92 |3.29 | B1.3
12 | /et 195 1036) 20 |5.85]0947] 29.5]135.0]2.93 |3.24 88.5
12 1 1DLE | 0.65(0.M05} 20 [1.95]0.216] 52.0] 1.0 5.3 |JVv2.0 | 156.
14 {1500 |1.00 (062 20 [3.00 10.486) 54.8 |65.0h0.6 |r12.} 164.
15 | 2750 | 1.65 ]0.267] 15 |6.60 |).07 |23.5]28.0{ 2.7 |3.\4 94.0
1, | 4000 |1.50 {0.243]| 10 [9.00[1.46 | 2.0} 9.0f0.978]\.03] 42.0
17 |T4600 155 (0.251] 10 [9.20|1.5) | 7] 85]0.895/0.953] 40.2
18 | CYCLE |2.10 |0.240] 20 |©6.30{V.02 | 31.1}37.0]2.87|2.26] 93.3
FUEL TEMP. AT ENGINE ¥_90 °F DENSITY = _ .18 “*/%.I(?EF)

FUEL DENSITY AT 72°F=_06.24 /44 =077 &/ml
COMMENTS ¥ OR\GINALLY DRAINLESS ENGINE CONVERTED TO DRAINED

CONFA\GUR ATION) FOR TESTS ;'ToP RPM IDLED AT 1000 RPM . NO
CARBUREYOR ADIUSTMENT ; FUEL .0\ RATI0 S50% | ; TUNED
AFTER RUN 12
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TESY ENGINE No, 25 TYPE V971  JOHNSON 9.5 Wb
b+ NOTE QUALIFLEATIONS BELOW ——]

FUEL USED|TIME, |FUEL RATE [SAMPLE (2R} SAMPLE 94 | SAMPLE

= N ] OF FUEL BY| RATE,
RUN [CONDITION| Ib,. {92} | min A' 3“/».; > ml [NoL. Jwr. | &/ he
\ \DLE | 1,25 {0.200] 20 |3.75]0.600] 6.1 | 6.4]0.845]).08 18.3
2 | 1500 |1.55])0.248| 20 |4.65/0.194] 2.2 | 2.2[0.241]0455] 9.6
"3 | 2950 | .85 [0.296] 15 [7.40 118 | 17| 1.8 |0AG) |0.203 ©.8
A [*3900 |1.55]0.248| 10 [9.20{1.49 | 72.5| B.2]0.884/1.07 | 45.0
5 | \pte |10 |0.176] 20 |3.20(0.528] 2.4 | 3.3 [0.495|0.48| 2.2
@ | 1500 | \.30]0.208) 20 |3.90]0.24| 2.2 | 2.4(0.205]0.373 b
7| 27250 |1.80/0.288| & |72.20{115 | 2.8 | 2.2[0.294[{0.243| 11.2
8 [¥2900 |1.75]0.280] 0 |10.50{V68 | 7.2 | B.1[0.764|0.907| 43.2
9 | cveLe |2.15]0.244| 20 | 645(1.03 | B.1 ] B.B|0.616]0.831| 243
10 | cvere |2.3510376] 20 | 7.05|143 | B9 10.3]0.124{0.835] 26.7

FUEL TEMP. AT ENGINE = _70 °F DENSITY =__b.25 “"‘/pl(‘i‘_)f")

FUEL DENSIY AT 12°F=_0.25 ™=/ =048 2/

COMMENTS * TOP RPM , TESTED ONLY AFTER TUNING ; SAMPLES HAD AN
EMULSIFIED LAYER (WHITE) UNDER “SAMPLE” SAOWAN ABOVE (SEE TEXT);
\DLED AT 9D0RPM; FUEL Ol RATID 50\
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TEST ENGINE No, 2@ TYPE 1970 JO0ANSON ( Wb

FUEL USED|TIME,|FUEL RATE [SAMPLE(32°s) SAMPLE °%4 | SAMPLE

RUN [GONDITION] 1bo Jaat |min [Pl TP 1 5 | ml [oerares] o ne’
1 IDLE | 0.55|0.087f 20 | 1.5 [0.261] B8.0] 9.0 | 273 |3.21 24.0
2 | \S00 |0.0}0.095] 20 | 1.80 {0.285] y\.0]12.( | 3.51 | 4.04 33.0
3| 2750 j0.80}0.127] 1S | 3.20]0.500| 0.6 0.9 |0.187]0.165 2.4
4 |*3300 |0.70|0.AV]| 1D | 4.200.665["
5 | 'DLE ]0.30{0.048]| 20 | 0.900192] 4.4] 4.9} 2.92[3.23 13.2
© | 500 |0.70 |01V | 20 | 2.10|0.332} 13.4 | 16.0 ] 2.8 |4.28 40.9
7 | 27150 (075 (0.9 [ \S {3,00{0457| 53| 6.2]1.38]|156C 21.2
8 [*2800 [0.95/0.150]| 10 | 5.70{0.902] 0.9 | 1.0 |oa1p]2.09] 5.4
9 | CYUE |1.00]0.158| 20 | 3.00[0475] 1.7 | z.4|o401]0.375] 5.1
10 | evele (125 {00981 20 | 3.95]0.593] ©.1 | 7.0 {0.924]1.08 9.3
1\ | 'DLE J0.55]0.087] 20 | 1.65[0.26\] 54 | 58 |v26 246 | 16.2
12 | 1500 |0.650.103] 20 |1.95]o.308) 12.5 | a7 |31 |4.24 | 225
\3 | 2350 [085(0.134 15 | 3.40(0.528] 1.2 | .t jozr7{0.30 4.8
14 [*2900 |0.85 [0.134| 10 | 5.0[0.807] 0.9 | 0.9 [oa77{0.223] sS4
15 | ovete 11502 20 | 2.45]0.546] 2.9 | 2.4 [0.49a]0.556] 8.7

FOEL TEMP. AT ENGINE ¥ S0 °F DENSITY = _6.32  “=/.1(50°F)

FUEL DENSITY AT T12°F=_06.25 /o = 0.748 2/
COMMENTS ¥*TOP RPM ; T 700 SMALL ToO MEASURE ; ENGINE IDLED AT

1100 RPM; NO CARBURETOR ADISTMENT ° FUEL:.O\WL RATID S04\
\TUNED AFTER RUN 10
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YEST ENGINE No. 27 TYPE 1972 JOANSON 9.5 hb

FUEL USED|TWME [FUEL RATE |{SAMPLE(12F) SAMPLE %4 | SAMPLE
OF FULEL 8Y RATE,
RUN lkonoirion] 16, {aal | min efe [¥V0e] 3 | ™ [NoL Jwr. 1 ¥/ e
\DLE {1.50 |0.238| 20 |4.50|0.7115]206.6{254.5|28.2 | 30.4] 620.
1500 | 165 {0.262] 20 |4.95 |o87]|215.9|266.5]26.9 | 28.8] ©48.
2750 |\.65 |0262] 15 |6.60({1.0O5 ] 28.2| 46.5] 4.69] 510 153
14000 [1.50 |0.238] 10 [9.00{1.43]| 8.6] 10.3] 1.14] L26]| 516
IDLE | 1.45 |0.221} 20 [4.35]0.692]213.9{261.0]29.8 | 22.5] 642.
1500 | 185 {0.294] 20 |5.55]0.882|180.9 [224.0]| 20,1 | 21.6| 543,
2750 |1.60 [0.254] 15 {6.40(1.02| 37.2| 46.0{ 4.98] S13| 149,
14000 |1.55 |0.246| 10 |9.30[1L.48] 25| 95| 1.02| 1.07] 450
cyere [2.25 |o.2s8] 20 g5 |07 ] M.9] 920] 6.79] 7.24] 225.
10 | cyere {2.30]0.366| 20 |©.90]1.10 ] 75.0] 92.0] 6.64]| 2.1% | 225
tl fipLe [1.25]0.199 | 20 |3.75]|0.5%6|205.5(254.0133.7 |36.2] Gt 0.
12 { 's00 |15 [0.278] 20 |5.25]0.835/112.2.|214.0| 20.3 | 21.8 | 520
12| 27250 |70 |0.270] 15 |6.80}|1.08 | 324 ] 39.5| 3.86 | 4.20| 130.
14 |'4000 |1.55|0.246| 10 [9.20[1.48 | ©4| 85[0.913{0.910] 38.4
15 | cyere |2.20]0.350| 20 | 6.60]/1.05 { 62.8 | 77.5|585 |6.29 | 188.

wim|lJdieo|hiP|W|N|-

FUEL TEMP. AT ENGINE €_060 °F DENSITY = ©.29 “""/3&'(63'*)
FUEL DENSWTY AT 12°F=_625 B~/ = 07483/

COMMENTS *ORIGINALLY DRAINLESS ENGINE CONVERTED TO DRAINED
CONFIGURATION FOR TESTS; 1TOP RPM ; IDLED AT 1000 RPM; NO
CARBURETOR ADJOUSYTMENT ., FUEL 0l RATID S50\ ; TUNED
AFTER RUN 10
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TEST ENGINE No._28  Type 1971 EVINRUDE 9.Shp

FUEL USED|TIME, [FUEL RATE [SAMPLE(12%) SAMPLE °4 |SAMPLE
. b 1 OF FUEL BY RATE,
RUN [ONDITION| b, |aal [min [B=f |1 ] o wml Nor Twr 1%/ he

IDLE [ 1,10 |01N5| 20 |3.30 {0.525{1172.1[20%0| 2.6 | 24.5]| 516.

|

2 | 1500 |1.55 |0.246| 20 [4.65{0.729(195.9(232.0]25.5127.9 | 588.
3| 2750 |1.550.246] 'S ]6.20 |0.986| 41.7]| 50.0|5.27|593 | 1e].
4 | 4000 |1.55/0.24b| 'O |9.30|1.4B | G} | 7.5{0.805]0.868| 36.6
5 |*4500 |1.65 [0.262{ 10 [9.90 .57 | 13.0| 16.5]1.66 |V.74 | 78.0
@ | DLE |0.95 |0.151] 20 [|2.85]0.452]170.4{207.0{26.2 |29.5| 511
7 | 1500 |1.30 [0.207]| 20 | 3.90 |0.620|187.4{220.0!29.4 [3).8 | 562.
B8] 2150 {1.60 {0.254] \S |©.40]1.02 | 52.9| 64.0|0.00 [229 | 212.
9 { 4000 [175 {0.278] 10 [10.50{167 | B8.5]| 11.0{ .05 |1.07 5\.0
\0 [%s00 [175 |0.278] 10 [10.501.67 | 4.4 ] 125|166 {1.BYV | BG.4
1\ [CYee (2.5 |0.%42] 20 | €45(1.03 | 75.2] 905699 | 2.7V | 226.
12 {cvere |2.4500.390)] 20 | 735 107 | 8V.2 | 97.5|6.60 |7.21 | 244.
13 | IDLE 1.0S [0.16LT{ 20 | 3.5 {0.50\ |V78.] {216.5|24.2 | 37.4 | 524.
14 | 1500 |1.55 |0.246] 20 | 4.65[0.129{203.4|240.5{25.8 |28.9 | Gi0.
15 | 2750 150 {0.238] 1S | €.00/0.954| 44.7| 52.5{5.82 |57 | 179
16 | 4000 [1.45]0.231| 10 |8.70{%38 | \1.7]|s.0]v72 |v28 | 0.2
17 |¥as00 100 |0.254] 10 | 9.60]1.52 | W9 | 150|150 [1-64] 1.4
18 | orete }z.050.326] 20 | 6.15|0.978] 84.5{102.7]/8.32 |%.09 | 254.

FUEL TEMP. AT ENGINE ¥_GO °F DENSITY =_6.29 “-*/%ql(@(l"F)

FUEL DENSVTY AT 72°F=_6.25 "~/ =078 3/
COMMENTS ¥ TOP RPM , IDLED AT 1000 RPM, NO CARBURETOR

ADIJUSTMENT ; FOEL ‘0O\L RAT\WO S0l ; TUNED AFTER RUN 2
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TEST ENGINE No. 29 TYPE Vb7 MERCURY G WP

FUEL USED|TIME,[FUEL RATE |SAMPLE (12°s] SAMPLE °4 [SAMPLE
RON Joonoron] 1o Jaat | min [Bof P 5 [ i [Sortaver] o7 me
IDLE |0.45)0072] 20 [1.35 |0.215]19.8 {24.0 | 8.81 [ 9.70| 59.4
1500 10.70 0.4Vl | 20 ]2.10 ]0.224|16.0 |19.5 |4.04 | 5.04 48.0
2750 {0.600.095f 15 |2.40]0282]39.5]47.0(12.1 |14.5 | 158,
4000 ]0.40[0.064| 10 |2.40]0382|259 |21.0{12.8 [14.3 | 155,
5400 |0.650.103| 10 [3.90]0.020] 2.4| 3.6[0923]0.814] 14.4
IDLE _ [0.35 [0.056] 20 [1.05[0.16713.0 [ 16.0 |7.55 |19 | 39,0
1500 [0.55 |0.087] 20 |).©5]0.262] 9.0]11.5]|2.49 [3.61| 27.0
2750 10.50 [0.079| 15 |2.00 0.238|26.5|22.0 {10.7 |11.7 | 106.
4000 10.500.07%| 10 |3.00[0.238]22.1 | 27.0{9.03 | 9.74 | 123,
5400 0.65{0.103| 10 |3.90]0.620] 2.7| 3.8]0.975[0.9] 6.2
CYeLE |0.80 j0.127] 20 |2.40{0.382{23.0(27.015.62 |©6.24] ©9.0

olelm|alelnls o |n]-

-
-

12 JCYeLE |0.80 |0.127] 20 [2.40(0.282|25.8{20.5]6.24 7.1 1 7.4
12 | VDLE ]0.45]0.092] 20 )35 ]0.215[11.4}15.0{5.50| 5.58] 34.2
14 1 1500 |0.55]0.087] 20 }1.65 |0.262{10.513.0]3.95]4 .21 21.5
15 1 2950 |0.55]0.087 15 |2.200350|31.2]37.5 1.4 [12.5] 125.
16 | 4000 |0.45]0.072| 10 [2.70]0.429|14.6 {18.0 |6.60 ]| 7.15 87.6
17 {1 5400 ]0.70 /0111 | 10 14,20]0.66B} 3.4 | 2.9 |0.928]+.07 20.4
18 |CYCLE |0.BS [0-135]| 20 |2.55 |0.405|20.8 {25.0[4.89 | 5.39 2.4
FOEL TEMP. AT ENGINE ¥ 00 °F DENSITY =_0:29 “w/4q1(©0°F)

FUEL DENSITY AT T72°F=_6.25 ®~/fa1 =0.748 3/
COMMENTS SAMPLES HAD AN EMOULSIFIED LAYER (WHAITE) DANDER FUELS

BASED MATERIAL (SEE TEXT); ENGINE IDLED AT 1000 RPM: ENGINE
WAS TESTED AFTER TUNING ONLY . FOEL : 0l RATIVO 501
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TESY ENGINE No. 30 TYPE 1971 MERCURY 9.8 kb

FUEL USED]TiME [FUEL RATE |SAM N_E{u-;j SAMPLE %, |SAMPLE

RUN foonomion] 1h,. [aal [min (S-L 4] 3 [l P e vR? by
1 ] 'OLE 153 [0.05)] 20 J1.8B Jo.178 ] 224 2%.0 130 fi3.8 2.9
L2 1500 0.53 {0.0072] 20 LS jow2] 21.1]26.0] 2.99{ 3.8 63.3
31 2600 1102 JO.8] 15 1408 |0.%71] 19.7] 25.8] 3931 A.2¢ 18.8
4] 4000 0.7 10130) 10 ] 474 0. 780] 1., | 2.8] 0.4) ] 0.45 2.6
5 (%4000 1119 Joaww] w0 [ 704 luin | 18] 23l osi o33l 1o
© ] \OLE ) 0.26 {9.95%] 20 } 193 o8] 19.8] 28.0]n2 |2 59.4
7] s00 j0.55 {083 | 20 | 4S o271 22.2127.0] 2.93 | 830 sl.b
B8] 2750 |0.82 j0135 ] 15 | 3.28 |0.53)] 16.2 | 22.0 | 4.3 4.3, a9
3] 4000 j0.84 ]0438] 10 |5.0¢ |0.329] 2.0] 23] 0.a9 | 0.52 12.0
10 §*4600 |15 Jo.upy] 10 |69 Jii3 | 2.4] 2.4] 03eloe | 4.4
1Y Jorere §1.26 10.207] 20 | 378 |0.622| 2.4 %0 1.15]1.29 22.2
12 | evere 135 |0.222] 20 | 465 Josbb] 9.3 |1ts] 37| 1s2 | 21.9
13 ] I0LE 10.37 jo.0bl]| 20 1.tV Jo.u3] 2v.f | 26.5 Lavs |1zt 3.3
14§ 1500 {0.5410.609] 20 | 1-62 |0.266{2V:9 |27.0] B.01 | 894! sy
'S § 2950 {0.80 [0.132{ 5 {3.20 [0.520]{ 5.4 {20.0 | 4 | 2.2¢] GUG
16 ] 4080 Jo.84 101281 0 | 504 10.829] 1.8]| 2.2 0.42] 0.47 10.%
17 |*4500 {120 ]0.99)] 10 220 9 | vz | 2.1] 028 ] 026 2.8
'8 JCyaLE 1,20 J0.197] 20 |3.60 [0.592]10.2 ] 12.0] 1.1 | 1.87 20.6

FUEL TEMP. AT ENGINE ¥_20 °F DENSITY = (.08 ““‘/;t'(_'_o:‘)

FUEL DENSITY AT T2°F=_6.08 ®™/u =o0mg 2/u

COMMENTS STOP RPM ; CAANGED PLUGS AFTER RUA 11 - EAGINE
WDLED AT 700 RPM; NO CARBUREVOR ADJUSTHMENT ; FUEL 10IL
RATIS 50
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TEST ENGINE No._ 3! TYPE '972 EVINRUDE g hb

FUEL USED|TIME, [FUEL RATE [SAMPLE(72°) SAMPLE o4 | SAMPLE

OF FUEL 8Y| RATE,

RUN IC.OND!TIDN b [aal | min “’"A, w/u % |l [NoL Twr | ¥/ he
| IDLE 1,29 |0.202 | 20 | 3.87]0.35] 4.9 | 53.0 | 6.0 | 7.16 120.
2 1500 | 1.5\ |024B)] 20 | 4.53{0.744| 8.3 | 29.0 | 2.6L | 2.67 54.9
d 2750 |2.02 {0.332] 5 | B.08 [1.33 | 10.0 112,06 |0.955] 1.09 40.0
4 4000 | V.97 |0.323] 10 [i1.82 {194 b.b B.0 |6.654] 0.739 3.6
5 5000 |2.50 |0.420] 10 |is.3blz.52 | 10 8.5 | 0.635] 0.L03 42.0
b IDLE L35 |0.222) 20 | 4.05]0.66S]| 43.) I155.0 | 6.54 | 7.04 129,
7 1500 .63 10.26V | 20 | 4.59 }0.754] 19.% {26.0 |2.74 |2.85 s%. 4
B 2750 | 2.00 j0.328| S 8.00 | 1.3} 0.6 113.0 {105 | L7 42. 4
9 4500 | 2.02 |0.322] 10 [12.12 |1.99 S5 | 7.6 0.657]6.L00 33.0
10 5000 2.52 |0.414] 10 |15.17212.48 ©.) 1.5 10.9479 | 0.63H 36.6
11 {crae | 2.94 |0.4B3 ] 20 B.8211.45 | 168 |20.5 |12 126 50.4
12 | evene | 2.94 |0.4832] 20 aﬂaz 145 1 150 1198.5 Jwot az 4s.0
13 IDLE L3010 |0.215] 20 3.93 10645 ] 42,6 |52.5 {645 | 717 128,
14 1500 1.83 |0.3200| 20 54910901 | 8.0 230 | 202 |29 54.3
15 2750 2.06 |0.338] 15 8.24-|1.3¢ 9.2 1.5 ]o0.899] 0.935 36.8
16 4000 .99 10.327| 10 |11.94 1.96 5.8 7.5 10.606 ] 0.643 24,8
7 5000 245 |0.402| 10 |ia70)z.4 3.8 | @0 |0.334]0.392 22. 9
19 eyt | 2.09 [o.507) 20 9.27 [1.52 | 4.0 J17.5 Jo.%12 { 0.999 42.0

FUEL TEMP. AT ENGINE ¥_70 °F DENSITY = _6.0) “"‘/%tl (—EF)

FUEL DENSWTY AT T72°F=_6.08 "m/jq =0129 3/
COMMENTS PLUGS CWANGED AFTER RUN) 3 DUE TO POOR ENGINE

OPERATIOA) ; 1 0W -SPEED JET LEANED SUGHTLY AFTER RUN 12 ;
EANGINE IDLED AT 1000 RPM FUEL.DIL RATIO 5041
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TEST ENGINE No._ 32 TYPE 1971 CHRYSLER 35 hp

FUEL USED|TIME |FUEL RATE {SAM Pu:_hz'p) SAMPLE °% | SAMPLE
’ OF FUEL BY] RATE,
RUN [conoirion 1k, Jaal Jmin [oaf T ] 5 | ml Ror Twr] v/ e
[ IDLE .73 j0.204] 20 | sa9]0.852] 83 | 0.0 }0.930) 1.0L 24.9
2] \sov 2.58 Jo.424 | 20 | 1714 | .27 3.4 | 4.1 |o.255] 0.2 10.2
3 2750 3.19 Jo.52¢4] \S 122 | 240 0.8 0.8 Jo.040 | 0.05S 32
4 | 4000 3.12 |0.512 ) 10 [1B72] 309 0.1 * 1— Jo.007 o0.L
51 4350 3.94 [0.697| 1D |z2.64] 3.89 0S | 0.4 {0.01¢ | 0.028 3.0
G| DE 1.3 f0.268 | 20 46910303} S.9 | 2.2 [o0.710 | 0.798 172.7
7 1S00 2.6\ 0429 ] 20D 7.8311.2) 1.4 1.4 Jo.08¢ | 0.113 4.2
B| 2150 3.35 Jo.sso | IS |13.40]2.20 2.) 2.0 {0.125 | 0.128 5.4
9| 4000 |[3.02 |[0.496| 10 [1®.12]2.98 \J 1.8 j0.09C {0.124 10,2
10 | 4750 3772|0619 ] LD Jr2.62] 359 0.7 0.7 J0.020 | 0.04) 4.2
1) | eywe (46510964 20 [13.95(2.29 . 2.3 {014 0128 8.1
12 | eYetE 1460 j0.755] 20 \3"-80 .27 2.7 3.\ |0.108 |5.129 8.1
13 | 'DLE 1.0 10.263 ]| 20 48010788 | 3.6 | 9.2 ]0.4922]0.99¢ 10.8
14 1500 2.60 |0.427] 20 7.80]%28 3S | 4.2 {0.260]0.297 10.5
5 | 2750 3.29 10.690 ] 15 |30 [2a6 0.9 | 0.8 ]0.039]0.060 3.6
16 | 4000 |3.20 |0.525) 10 |19.20]3.5 0.5 | 0.4 [0.020 |0.024 >0
17 ] 4750 }4.27 (0700 ] 0 {2562 {4 03 } 0.3 ]o.00 | 0.005 1.8
1§ | cyere [4.76 j0.7182] 20 |a.28(z.34 1.0 ‘.1 ]0.037]0.0496 3.0
FUEL TEMP. AT ENGINE ¥_70 °F DENSITY = _ 6.0) “""/gl("_ffF)

FUEL DENSITY AT 72°F=_06.09 ®~gy =092 3/
COMMENTS ENGINE YUNED BEFORE RUN 1 DUE YO PooR PERFORMANCE,

ENGIVUE IDLED AT 1000 EPM° FUEL oIl RATMD S0
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TEST ENGINE No._ 33  Typp ‘96l JOWNSON 40 kp

FUEL USED|T\ME, |FUEL RATE [SAMPLE(32°F) SAMPLE % |SAMPLE
i OF FUEL B8Y| RATE,
RUN JCONDITION] Tb,. |aal [wmin [b-f 134, 3 ~l [NoL Jwr. | ¥/ he
V] wowe .32 Jo.217 | 2o | 3.9 Joes2| 8.0 ] 95 |rviL |i124 24.0
Z | !soo 1.82 |0.300| z0 | 5.4l |0.908] 38| 2-5]0.39( |0.46D L4
3 27150 .94 Jo0.320| S 2.1 |28 3.6 2.9 [0.269 |0.298 14.0
4 4000 2.2 [0.432] (0O 15,22 |2.5) 3.0 3.8 [0.182 | 0.262 8,0
Y 4500 3.84 [0.633 ] ‘O |23.04[3.90 6. 6 7.4 |o-2735 0.2 39.6
© toLe .40 |D.23\ 20 4.20 |o.b92 | 56.4 1 59.8 |25 1794 \51.2
7 1500 vo7u |o.2% | 2o 5.28 |0.078 | 23.6¢ | 35,0 |3.\9 |3.7¢ 69,8
) 2750 249 {0.36) \S B.7L | 1.44 6.3 2.2 }0.527 | 0.624 5.2
> | aoo00 270 |0.445] 8 |i,.28 |2.67 2.9 %3 1009 Jo.229 16.8
10 4500 378 [0.623 | 10 22.68 {3.74 5.0 5.7 10.242 j0.292 30. 0
VL] evete 13792 10.6'3 ] 20 faval | 1.84 [ 127 | 15.0 fo.640 |0.752 38, |
vz | evae | 391 [0644| 20 [ uaan] s |8 | is.e [o.eis fobes]| is.a
FUEL TEMP. AT ENGINE € _80 °F DENSITY =_ 6.01  “=/4.1(80°)

FUEL DENSITY AT T72°F=_6.09 "~/ =0330 ¥/
COMMENTS _ENGINE (OLED AT 1000 RPM, FUEL ' 0OIL RATIO 501

RUN IN TUNED (ConNDITION) oAJLY
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TEST ENGINE No. 34 gypp 'J7t EVINRUDE 3.5 ke

FUEL USED|TiME, |[FUEL RATE [SAMPLE (126} SAMPLE °4 |SAMPLE

! OF FUEL BY]| RATE,

RUN [ONDITION| 1. [aal [min [af (A1 & | wl NerTwr 1%/ ne
! IDLE  0.80 [0.141 ] 20 | 258 [0.923]1135.3| 18(. | 24.83 | 247 400.
2 1500 .22 §0.202 2b 3.69 [0.605] 14¢.7] 12, 2.5 124L3 440,
31 2150 JLbG Joz72| 15 |6.64 )09 81.0] 100. | 999108 324,
4 | aooo 1.54 |0.252| 10 9.24 |1.S) B.J] va.0| 1.a7] 129 53.4
s |%azso |1l o272 | 1o 9.9 163 | vos| 15w rac] 139 3.0
@ 'DLE 0.39 Jonat | 20 2.67 |0.438|132.9] 168, | z0.4 }z2.) 99,
72| 1s00 128 ozt | 20 | 384 |0.630|157.8] 200. |25.2 [t9.2 | ans,
B| 2150 (148 Joais] 1 |02 [ti0 | es.4] o8] 79| vas | .es.
9] 4000 jrse Joase } w0 ] 936 jus3 8.9] a0 1ag] 120 S3.4
w | ¥a250 ros fo20 ] wo §990 vez | vo.o) wsof v47] 2.2¢] oo
vt | oevere 230 {0273 | 20 (0690 a3 | bo.gfree. | 209} 204 ]| 2az.
12 | eveee f2.37 lo389 | 20 {70t [ | 9.9 980! eee] 22s] 234
13 ] 'OLE 10.97 10159 20 [2:91 jo.477] 1300 [ 1S, {224 |29.0 290,
14 1500 .25 10.205 | 20 3.75 |0.61S | 150.) | 18D, |24.2 [2¢.5 450,
1S 27150 .81 10.29) \S 724 J1.19 69.0 54,0 7247 | 5.28 272,
16 4000 .66 }0.2721 10 9.9C |V.63 12.31 18.0 175 | .63 13,8
17 |*2260 |1z Joze7| w0 |98 [1eo | 0.2 | 150 nag | 138 6.2
\B | SYeLE 12.24 |0.384) 20 [72.02 |11s | 3] 80| paz ] 2] zie.

FUEL TEMP. AT ENGINE 2 _70 °F DENSITY = _6.10 "=/eqi(70°F)

FUEL DENSITY AT 72°F=_6.10 ®u/fy = 0331 3/
COMMENTS TUNED AFTER RUN 125, ¥ pMaxiMum RPM ) jpLED AT 000

RPM, FUEL "0l RATIO S0.1 ; N0 CARBUREYOR ADJUSTMENT
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CYEST ENGINE No. 35 TyPE %4 EVINRUDE 9.5 hp

FUEL USED|Time frueL rate [sampLemesanrie 4 [samPLe
RUN kNDﬂ'M b, [aal Jemin oo/ 3"‘/“, 5 i (‘)’I;:oﬁ‘!:riv yR/A I.E'
1 IDLE ]0.94 Jo.138] 20 2.521p43] 34.1] 420] B.04] 895 102,
21 1500 .20 §0.197] 20 | 3.60 jo.s] 1.8 ] %9710 {130 w7 239.
31 2750 {1.uS Jo.270] ¢ | 660 {108 | 550§ 620 ] e.5L] 735 | 220.
4] 4060 {1.6> [0.267] 10 | 978 {1ed 1.0 9.0 | 0.898] 0947 42.0
5 ’&550 107 10.274] o ] \0.0Z }1.04 3 ,Qo 0.8431 0.3%4 40.2
G ] e 1090 jo.148] 20 | 270 Jo4e3 ] 34.2 | 90.0 { .| {m8.2 213,
74 1508 111) |pa9s] 28 ] 3.57]0595] 904 Jad. {50 Ju.y 271
Bl 2350 J173 Jozea] s | €9t 13 Jeac ] s3p] 493] 554 104
9 ] 4000 1S7 {0.2571 0 | %42 LS54 | oD 8.5] 0.3M] 0.955] 40.8
w ["a2s0 o3 Jozer] 10 {998 [160 ] 29 | ieo ] o] o7 ] s
1) ] wete (232 1o3p0] 20 | €% 134 1400 [ shojamd (4.9 141,
12§} evele {2.29 jo.%35] 20 6:81 .13 | 584 | 2.0 a7 485 15t
131 e |ase |o0.438] 20 | 282 {043 | sl | 1.0 130 s 114,
14 1500 tAR ]o0.193 3.54 | 0.580) ©7.2 Jiob, {14l 1163 262.
\S | 2160 162 (0.2 & | 64D J10b 454 se.0] SsSt ] ead 182.
16 ] 4000 |i1.57 (0.267] o Y42 |1.5¢ ] o6 | 8S] 8.824] 037 39.4,
2 [P43s0 |isy Jo2et | w0 ] 9.5e |1 8.2 ] vl | L 51,2
18 ] ereee [2.30 Jo.317] 20 | ©.90 {143 |4ss | s5.5) 3.8 | 43¢ ] 136,
FUEL TEMP. AT ENGINE T_70 °F DENSITY = _6.10 “"/‘-J(ZQF)

FUEL DENSITY AT T72°F=_6.09 'h"/a“ = 630 2/ai
COMMENTS *TOP RPM : EAIGINE \DLED AT %00 RPM , TUNED AFTER

RUN 2 ;, FueL OolL £ATI0 SO0\
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SECTION X
APPENDIX B

Photographs of Test Engines
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Engine No. 1. 1965 Johnson 9.5 hp Engine No. 2. 1960 Evinrude 18 hp

Engine No. 3. 1966 Johnson 33 hp Engine No. 4. 1965 Mercury 65 hp



Engine No. 6. 1965 Sea King 50 hp

Engine No. 5. 1954 Evinrude 15 hp

1959 Mercury 45 hp Engine No. 8. 1968 Johnson 40 hp
106

Engine No. 7.



Engine No. 9. 1961 Johnson 40 hp Engine No. 10. 1967 Evinrude 80 hp

Engine No., 11. 1971 Chrysler 55 hp
No Photo Available
Similar to Engine 20

Engine No. 12. 53 Johnson 10 hp
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Engine No, 13. 1967 Johnson 33 hp

Engine No. 14. 1968 Mercury 95 hp

Engine No. 16. 1964 Mercury 65 hp
No Photo Available
Similar to Engine 4

Engine No. 15. 1963 Gale 60 hp
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Engine No., 17. 1968 Mercury 85 hp

Engine No. 19. 1971 Chrysler 45 hp Engine No. 20. 1968 Sea King 45 hp
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Engine No. 21. 1953 Johnson 25 hp Engine No, 22. 1960 Johnson 75 hp

Engines No. 24, 27, 28 and 34
No Photos Available
Similar to Engines 25 and 35

Engine No. 23. 1970 Chrysler 5 hp
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Engine No. 25. 1971 Johnson 9.5 hp Engine No. 26. 1970 Johnson 6 hp

Engine No. 29. 1967 Mercury 6 hp Engine No. 30. 1971 Mercury 9.8 hp
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Engine No, 31. 1972 Evinrude 18 hp Engine No, 32, 1971 Chrysler 35 hp

Engine No. 33. 1966 Johnson 40 hp Engine No. 35. 1964 Evinrude 9.5 hp
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SECTION XI

APPENDIX C

Statistical Calculations
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Comparison of population means using Student's 't*" distribution . . .

Comparison 1.

Eh_r! sler
.78

"

o M
1]
W O

.13

H&”’f”z

Chrysler population vs Mercury population, mean
composite drainage as percent of fuel consumed.

z 2
Mer N nS1“4n
Mercury Sz\/x: zzSz - 2.56
n Ny =
X = 0.50 12
n=5
+
S=0.18 sDzls\."f_l._n.Z_. = 1.55
Bin2

il -'!z
Sp

from table: tg g75 = 2.26 (0. 05 level)

t= =0.83

}/ = degxees of freedom = 9

ty.80 = 0.88 (0.40 level)

Conclusion: accept H, at 0.05 level of significance

Comparison 2.

Chrysler-Mercury

accept H_ at 0.40 level of significance

Chrysler - Mercury population vs OMC population,
mean composite drainage as percent of fuel consumed.

x=1.20
n=1}

S=2.21

Ho: y =,

oMC ngnlslz+n§szz 3 8
x=5.35 mrez-
n=17 sD=A i L SN
Jnlnz
S=-4.20
'fl -X2 2.91
t=—5— =2

from table: tg_975 = 2.06 (0. 05 level}

)V = degrees of freedom = 26

Conclusion:

to.995 = 2. 78 (0. 01 level)

reject H  at 0.05 level of significance
reject Hy, at 0.0l level of significance
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Calculation of 95 percent confidence intervals for mean composite
drainage using Student's '"t" distribution.

95 percent confidence interval for mean = X *+ Sy (tg, 975)

where: X = sample mean
Sz = standard error of sample mean
tg, 975 = the appropriate statistic from Student's dis-
tribution at the 0,05 level of significance

non-OMC population: x = 1.20 percent })/= degrees of freedom = 10

(overall composite)

OMC population:
(overall composite)

Sx=10.70 tg, 975 = 2.23
.. 95% confidence interval is 0 to 2. 76 percent

x = 5.35 percent )/= degrees of freedom = 16
S = 1.02 tp, 975 = 2. 12
.. 95% confidence interval is 3,19 to 7,51 percent

non-OMC population: x = 3,00 percent )/= degrees of freedom =10

(1500 rpm & lower)

OMC population:
(1500 rpm & lower)

Sg=0.73 tp, 975 = 2. 23 _
.’.95% confidence interval is 1,37 to 4.63 percent

x=17.2 percent = degrees of freedom = 16
S)—{‘—‘ 2.84 t0.975 =2.12
.". 95% confidence interval is 11.2 to 23.3 percent

115



TECHNICAL REPORT DATA
(Please read Instructions on the reverse before completing)

1. REPORT NO. 2. 3. RECIPIENT'S ACCESSICNNO.
EPA-670/2-74-092
4. TITLE ANDSUBTITLE 5. REPORT DATE
December 1974; Issuing Date
CRANKCASE DRAINAGE FROM IN-SERVICE OUTBOARD MOTORS 6. PERFORMING ORGANIZATION CODE
7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NO.

Charles T. Hare and Karl J. Springer

"PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO.

Department of Emissions Research 1BB038; ROAP 21APO; Task 08
Southwest Research Institute 11. CONTRACT/BKXNZ NO.

8500 Culebra Road

San Antonio, Texas 78284 EHS 70-108 -
12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT AND PERIOD COVERED
National Environmental Research Center Final Report

Office of Research and Development 14. SPONSORING AGENCY CODE

U.S. Environmental Protection Agency
Cincinnati, Ohio 45268

15. SUPPLEMENTARY NOTES

[i6. ABSTRACT

Crankcase drainage from 35 outboard motors was measured during normal operation on two
lakes in the San Antonio area. The motors included a variety of sizes and brand names,
and they were tested under prolonged constant-speed conditions as well as cyclic speed
conditions designed to simulate user operation in the field. Four engines of the same
group were also tested with a drainage intercepting and recirculating device. Drain-
age was measured by both mass and volume, and results were also computed in mass per
unit time (g/hr) and percentage of fuel consumed by weight and by volume. Analysis of
some fuel samples was conducted by gas chromatograph, including a few in which drain-
age was mixed with fuel by the recirculating device mentioned above. Photographic
documentation of the test engines, the drainage systems, and test/measurement tech-
niques was also obtained. Based on measurements obtained during this study and
estimations on the current outboard motor population, a range for the national total
crankcase drainage emissions was estimated. It was also found that the major causes
of variation in drainage rates were engine type, engine operating speed, and differ-
ences from one engine to another of the same type (or a similar type).

17. KEY WORDS AND DOCUMENT ANALYSIS

a. DESCRIPTORS b.IDENTIFIERS/OPEN ENDED TERMS |c. COSATI Field/Group
*Boats *Qutboard motors 13B
Gasoline *Water pollution sources
*Water pollution 0il pollution
*Outboard engines *Crankcase drainage

Motor boats

18. DISTRIBUTION STATEMENT 79 SECURITY CLASS (This Report) 21. NO. OF PAGES
UNCLASSIFIED 128
RELEASE TO PUBLIC 20. SECURITY CLASS (This page) 22 PRICE
UNCLASSIFIED
EPA Form 2220-1 (9-73) 116

<t U. S. GOVERMMENT PRINTING OFFICE: 1975-657-590/5334 Region No. 5-11



