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SUMMARY

The purpose of this project was to investigate the potential
performance of a Ricardo HRCC (high compression ratio, compact chamber)
combustion system when fuelled with methanol. The basic engine used for
this work was a production 1.5 litre Volkswagen gasoline unit, the combustion
system of which was converted to HRCC form with a compression ratio of 13:1.

Baseline tests were made using 98 RON gasoline. The results indicated
that engine performance was generally similar to that of other HRCC engines
developed by Ricardo; thermal efficiency at part load being approximately
10% better than that of current conventional gascline engines of similar
displacement. The octane requirement was significantly less than that of
conventional gasoline engines at the same compression ratio.

The engine was converted to methanol operation by fitting an
appropriate carburettor and inlet manifold. Work was then carried out to
optimize the performance, especially with respect to fuel economy and
exhaust emissions when using this fuel. The ignition distributor was
modified to provide automatic spark timing control and an effective EGR
system was developed. With the methanol proof carburettor used in this
exercise - a relatively simple, single barrel, device - it proved to be
impossible to achieve optimum mixture settings over much of the engine's
operating range. Despite this, the prototype engine in its final build form
was free of detonation and pre-ignition and appeared likely to provide
good vehicle driveability, moderately low exhaust emissions and reasonable
fuel economy when operated on methanol. Using a computer simulation
program the predicted 'engine-out’ exhaust emissions and fuel consumption
over the 1975 Federal Test Procedure of a 2375 1b passenger car powered by
the engine were:

HC - 1.35 g/mile
NOx - 0.98 g/mile
co - 1.75 g/mile

Fuel Consumption - 14.7 miles/US gallon (methanol)
30.3 miles/US gallon (gasoline equivalent)

Considerable improvements in all aspects of engine performance could,
most probably, be achieved with the aid of a more sophisticated, twin
barrel, carburettor.
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1. INTRODUCT ION

In the future, supplies of conventional, petroleum based, fuels for
road vehicles are likely to be less readily available and considerably
more expensive than at present. The potential of many alternative energy
sources to supplement or, in some vehicle applications, to entirely reptace
conventional fuels has been evaluated by numerous investigators and the
relative merits of many of the possible alternative fuels are now quite
well understood. Methanol has various characteristics which are desirable
attributes of future alternative fuels - it can be produced from a variety
of raw materials (some of which are renewable), production technology
already exists, the fuel is in liquid form which facilitates storage,
transportation and handling and its energy density is moderately high which
provides an extensive vehicle range for a quite modest weight of fuel.

0f the properties of methanol which specifically relate to its
suitability as a fuel for conventional light duty engines, its poor self
ignition characteristics - low cetane number - ensures that it cannot
be easily utilised in diesel units. Conversely its high octane quality
implies fairly ready application in spark ignited engines. The octane
number of methanol is significantly higher than that of current motor
gasoline so that it lends itself for use in engines having relatively
high compression ratios with inherent thermal efficiency advantages over
current gasoline engines. Methanol also has good lean burn properties,
so offering further advantages in terms of thermal efficiency and low
exhaust emissions when employed in a spark ignited engine.

In recent years several research organisations have worked on the
development of engine concepts capable of successfully utilising high
compression ratios. The Ricardo HRCC (high compression ratio, compact
combustion chamber) engine is one example of this approach which by careful
design of the combustion chamber permits the use of a high compression
ratio (with a relatively low fuel octane requirement) together with an
ability to successfully utilise lean mixtures or tolerate high levels of
EGR - important attributes with regard to both fuel economy and exhaust
emissions.

Considerations of the major performance characteristics of the HRCC
combustion system and some of the properties of methanol fuel (high octane
quality and good lean burn characteristics) suggested that they complemented

each other to a large extent. It therefore appeared that an HRCC unit was
a promising basis for the development of an optimum engine for methanol
dtilisation. In order to confirm this theory a practical engine test

programme aimed at investigating the potential performance, fuel economy
and exhaust emissions of an HRCC engine when fuelled with methanol was
considered, by EPA, to be necessary. As originally envisaged this project
was to involve work by Ricardo in four main stages:-
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i) Production of an HRCC engine based on a standard Volkswagen gasoline
unit.

ii) Test bed development of the HRCC engine, including modification and
appraisal of any components or systems necessary for successful
methanol utilisation.

iii) Installation of the developed engine in a passenger car, together_
with necessary modifications to the vehicle's fuel system to permit
methanol fuelling.

iv) Final calibration of engine fuelling, ignition timing and scheduling
of any necessary emission control systems in order to produce an
engine build fully optimised for methanol utilisation and meeting
target exhaust emission levelsover the 1975 Federal Test Procedure
of 0.2/1.8/0.8 g/mile HC/CO/NOx respectively.

Due to budget cutbacks within EPA the contract eventually awarded
to Ricardo covered only the first two stages of the total work programme
outlined above, vehicle installation and final engine calibration,
including provision of an exhaust oxidation catalyst would be performed,
'in-house' by EPA.

2. THE HRCC ENGINE

2.1 General

The Ricardo HRCC gasoline combustion system has been the subject of
considerable research and development work over a number of years (1-5)*.
This work culminated in the derivation of general guidelines for the design
of combustion chambers capable of operating at compression ratios of 1 to 2.5
numbers higher than conventional combustion chambers, when using fuel of
equal octane quality, resulting in economy improvements of the order of
5%. The HRCC arrangement was also found to permit utilisation of leaner
air/fuel mixtures than was possible with conventional combustion chambers
while still maintaining an adequate safety margin from the misfire limit
and consequent vehicle driveability problems; this yielded further fuel
economy improvements, making a total of the order of 10%. Furthermore
it was found that increases in brake mean effective pressure (BMEF)of
5-10% over much of the engine's speed range were generally achieved with
HRCC combustion systems.

The ability of HRCC engines to operate well with lean air/fuel
mixtures ensured that NOx and CO emissions were relatively low. HC emissions

were somewhat increased over those produced by well developed conventional

*Numbers in parentheses indicate references listed in section 9.
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combustion chambers operating at a lower compression ratio but were
nevertheless maintained at a reasonable level.

Most of the initial HRCC investigations were carried out using single
cylinder research engines. Later the experience gained with the single
cylinder units was applied in a Ricardo research exercise to the design
of an HRCC version of a production 1.5L, four cylinder, Volkswagen engine.
After a short development programme this engine was installed in a passenger
car in which application it exhibited good performance, fuel economy and
exhaust emission characteristics when operating on 97 RON gasoline (6).

As a basis for the production of an optimum engine for methanol
utilisation a unit identical to the original HRCC version of the 1.5L

Volkswagen engine used in Ricardo's research work was employed.

2.2 Engine Characteristics

The basic Volkswagen engine used in this exercise had the following
main characteristics.

Cylinders L, in-line

Bore Diameter 79.5 mm

Stroke 73.4 mm

Displacement 1.457 litres

Compression Ratio 8.2:1

Cylinder Block cast iron with integral cylinder bores

Cylinder Head aluminium with uni-sided inlet and
exhaust ports

Combustion Chambers bath tub type in cylinder head

Valve Gear 1 inlet and 1 exhaust per cylinder,

vertically in-line, driven directly
by an overhead camshaft

Inlet Valve Inner Seat Dia 30.5 mm

Exhaust Valve Inner Seat Dia 29.5 mm

Carburettor Twin barrel Zenith type 2B5
fgnition System conventional coil with mechanically

driven distributor having speed and
load advance

In order to convert the engine to HRCC form, several new components
were required. Of these the major item was the cylinder head which
incorporated the HRCC combustion chambers. The main features of the
combustion chamber are indicated on Fig. 1, it was of compact design and
was situated under the exhaust valve, its aspect ratio - maximum length
divided by its depth - was 3.8. The introduction of the HRCC combustion
system involved some changes to other features of the cylinder head compared
to those of the production unit. Spark plug location was slightly different
and the vertical positions of the inlet and exhaust valves were changed.

_3..
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Lowering the inlet valves permitted introduction of revised inlet ports,

as shown on Fig. 2, which had better flow characteristics than did the

inlet ports in the production cylinder head. Most of the external features
of the cylinder head, including the disposition of manifold mounting flaqges
and the location of the camshaft, were identical to those of the pro@uctlon
unit. A photograph of the lower face of the cylinder head is shown in

Fig. 3.

Modified pistons were fitted to the HRCC engine, These were of
basically similar design to the production components, having flat crowns,
but the compression height was increased to give a nominal piston/head
clearance of 1% of the stroke and the disposition of the rings was changed
in order to reduce the height of the top land and increase the height of
the second land. With the revised cylinder head and pistons the engine's
compression ratio was 13:1.

A camshaft producing valve events differing from those of the
production unit was fitted to the HRCC engine. Experience with the similar,
gasoline fuelled, Ricardo research engine had indicated that the revised
camshaft produced higher BMEP at low speeds than the production unit without
compromising other aspects of performance. The valve events provided by
this camshaft were:-

Inlet Exhaust
Valve Opens 80 BTDC 510 BBDC
Closes 52° ABDC 9° ATDC
Maximum Lift 9.3 mm 9.3 mm

EPA had requested that a Delco-Remy high energy ignition system be
fitted to the engine. This employed an integral coil/distributor unit of
rather large dimensions which was impossible to fit directly in the place
of the standard Bosch distributor located on the side of the cylinder
block. The original distributor drive was therefore extended upwards to
the Delco-Remy unit which was positioned alongside the top of the cylinder
head. In order to avoid possible problems of seizure of the bearings in
the distributor drive line a small oil reservoir providing a drip feed was
incorporated.

In order to achieve the target HC and CO emission levels of 0.2 and
1.8 g/mile respectively over the LAL test cycle it was recognised that it
would be necessary during the final vehicle calibration to employ an exhaust
oxidation catalyst and secondary air system. In order to facilitate this
a production Volkswagen air pump, driven from the nose of the crankshaft
by a vee belt, was installed on the engine. These modifications (head,
pistons, camshaft, distributor) were used for all testing of the engine
that is reported in this document.

—4-
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For initial testwork, during which gasoline fuel was employed, the
HRCC engine was fitted with the production inlet manifold and twin barrel
carburettor. The latter had fuel and air metering jets, etc, which had
been found during development of the Ricardo research HRCC engine to provide
optimum performance. For testwork with methanol fuel a prototype inlet
manifold, supplied by Volkswagen, was used. Its internal shape was very
similar to that of the production gasoline unit but it incorporated a more
extensive engine coolant jacket in order to provide increased charge heating
to offset the relatively high latent heat of vaporisation of the methanol.
A prototype single barrel, Solex carburettor Type 34 PIC (T)5 was employed
when operating with methanol, this had a special, methanol proof, phosphate
coating on all of its surfaces to prevent chemical attack by the fuel. It
was anticipated that difficulties would be encountered in obtaining optimum
fuel/air mixture strength modulation over the engine's operating range
when using this relatively unsophisticated carburettor. Unfortunately,
at the outset of the project, this was the only methanol proof unit
available. A production Volkswagen air cleaner of 'pancake' form, directly
mounted on the carburettor was used.

A production exhaust manifold of 4 into 2 form was fitted to the
engine. For all testwork conducted by Ricardo production twin exhaust
downpipes approximately 0.5 m long coupled to a large bore test shop
exhaust system were employed.

During development a simple EGR system incorporating a conventional
vacuum operated flow control valve (Pierburg part no. 73195A) was fitted.

3. CHARACTERISTICS OF METHANOL FUEL

Several of the properties of methanol are particularly noteworthy
regarding its use as a fuel for spark ignited engines. It has a high
knock resistance; several different values of RON and MON are quoted in
the literature, the variation being mainly due to the difficulties involved
in applying a test procedure developed for use with relatively low octane,
wide boiling range, gasolines to high octane, single boiling point, methanol
which has a high latent heat of vaporisation. The high knock resistance
favours the use of high compression ratios.

A very significant adverse property of methanol, which affects its
use in engines, is its strong tendency to pre-ignite (7). Many earlier
investigations of methanol utilisation have encountered this problem. It
can be alleviated by attention to cooling of combustion chambers and by
employing an appropriate grade of spark plug, but has been found to be a
troublesome feature in some engine application exercises.

The calorific value on a weight basis of methanol is only 45% of
that of gasoline hence a considerably higher fuel flow is required at any
given engine operating condition. This implies the need for changes in
the fuel metering system where changing from gasoline to methanol operation.

_5_
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The density of methanol is higher than that of gasoline hence fu?l.
consumption on a volumetric basis is not as high as might be anticipated
by consideration only of its calorific value.

The high boiling point of methanol together with its high latent )
heat of vaporisation are responsible for the poor cold starting characteristics
often associated with engines using this fuel. The most popular means of
overcoming this problem, cited in the literature, is by using either a fuel
additive which has a low boiling point, e.g. isopentane (8), or a
supplementary fuel, such as conventional gasoline, which is used only for
starting (9). Both of these approaches involve significant inconvenience
and/or complexity. A more desirable approach is the use of supplementary
heat applied to the ingoing charge which may assist charge vaporisation and
obviate the formation of ice in the intake system during conditions of high
ambient humidity.

Methanol has generally wider mixture 'strength combustion limits than
gasoline. This is largely due to the higher flame speeds which occur in
methanol/air mixtures (10). In conventional engines with fairly low
compression ratios the ability to operate with a leaner mixture strength
can produce some advantages in terms of fuel economy and reqgulated exhaust
emissions, particularly of NOx and CO.

Combustion temperatures of methanol/air mixtures are significantly
lower than those occurring in gasoline/air mixtures even when initial
mixture temperatures are equal (11). |In practice the high latent heat of
vaporisation of methanol ensures that the temperature after compression
of a methanol/air mixture is considerably lower than that of an equivalent
gasoline/air mixture. Lower combustion temperatures favour lower heat
losses, hence producing higher thermal efficiency, and also inhibit the
production of NOx during the combustion process.

Combustion of methanol produces a greater number of moles of combustion
products than is the case with gasoline. The combustion equations for
stoichiometric air/fuel mixtures of the fuels are as follows:

For a typical gasoline -

CHy g+ 1.45 (0, + 3.77 Ny) —> €O, + 0.9 Hy0 + 1.45 (3.77 N,)

i.e. for every 6.92 moles of air consumed 7.37 moles of products are formed,
a ratio of 1.065.

For methanol -
CHLO + 1.5 (o2 + 3.77 Nz)—er €O, + 2H,0 + 1.5 (3.77 N2)

i.e. for every 7.16 moles of air consumed 8.66 moles of product are formed,
a ratio of 1.209.

-6-
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The greater number of moles of product from methanol combustion
favours the production of a higher pressure in the cylinder, hence a greater
engine power output and the attainment of a higher thermal efficiency.

Methanol can chemically attack some of the materials commonly used
in engine fuel systems, notably the magnesium alloys often used in
carburettors. Such corrosion is a particular problem when water is also
present. Some poiymers often used as sealing materials may also suffer
chemical degradation or be liable to swelling when in contact with methanol.

b, TEST EQUIPMENT AND DATA ANALYSIS

b1 Test Bed Installation and Instrumentation

The engine was installed on a test bed and coupled to a Heenan and
Froude Mark | Dynamatic dynamometer (eddy current type). Instrumentation
was provided for the control and monitoring of lubricating oil and cooling
water temperatures; these were regulated to 80°C oil inlet/water outlet.
Inlet air temperature was measured at the carburettor inlet, hence for
tests where an air cleaner with temperature control was used the inlet
temperature was measured downstream of hot/cold air entry points. Exhaust
gas temperature was measured at a point about 200 mm downstream of the
junction of the twin downpipes. A gas sample probe was fitted at the same
location. Inltet manifold pressure was measured using an accurately
calibrated conventional pressure gauge (Bourdon tube type). Exhaust back
pressure was determined using a mercury manometer. Fuel flow was measured
with a Cussons gravimetric flow meter. lIgnition timing was varied by means
of a linkage which permitted remote adjustment of the angular orientation
of the ignition unit; the resulting timing was measured with a Cussons
ignition timing meter. Variations in air/fuel mixture strength were produced
by changes to carburettor jets and by use of a Ricardo suck/blow device
which varied the pressure in the carburettor float chamber.

Samples of exhaust gas were analysed using Ricardo emissions trolleys.
During initial testwork using gasoline fuel the analysers employed were:-

co, €0,, NO - Analytical Developments NDIR
HC - Analysis Automation FID
02 - Servomex paramagnetic type O0A250

For engine operation on methanol another emissions trolley was
employed, this had the following analysers:-

€0, CO0» - Analytical Developments NDIR
NOx - Thermoelectron Corp. Model 10 Chemiluminescent Analyser
HC - Ratfisch RS5 FID fitted with a separate, heated,

(120°C) sample line

02 - Servomex paramagnetic type 0A250

_7_
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The FID analysers used for HC measurements were calibrated using
propane. All HC measurements were then converted to a base of ppm carbon
before calculation of brake specific HC emissions. The brake specific HC
emissions were therefore directly comparable when operating with both
gasoline and methanol fuels although the low response (40%) of the FID to
methanol ensured that when this fuel was employed a significant proportion
of the total unburnt fuel emissions was not recorded. Towards the end of
the project some measurements were made of aldehyde emissions produced by
the engine when operating on methanol. For this work a sample of the
exhaust gas, drawn from the heated sample line was bubbled through two
bottles of pure methanol connected in series. The quantity of aldehydes
absorbed by the methanol (measured as formaldehyde) was determined by the
DNPH method (12).

L,2 Test Fuels

Most of Ricardo's previous work with HRCC engines has been conducted
using standard European 'super' gasoline, e.g. BS4LO40 'four star' fuel,
having a minimum RON of 97. In order to ensure that the HRCC engine used
in the present exercise had broadly similar performance characteristics
to those of earlier examples of the engine some initial performance tests
were made using this gasoline fuel. Relevant fuel inspection data are
given in Table 1. The specification and other relevant data of the methanol
fuel used during this exercise are shown in Table 2,

4.3 General Data Processing

Raw test bed data were processed using a Ricardo 'in-house' computer
program. This provided correction of full load performance measurements to
20°C, 760 mm Hg using the method described in DIN 70020. Brake specific
fuel consumptions and exhaust emissions were also calculated; BSNOx results
were corrected to 75grainglb humidity using the EPA correction formula.

In order to facilitate comparison of data brake specific fuel consumptions,
when gasoline and methanol fuelled, were converted to brake thermal
efficiencies by using the appropriate calorific values of the fuels noted

in Tables 1 and 2.

Mixture strength air/fuel ratio, and hence equivalence ratio, was
calculated from emissions data using the Spindt equation (13) in the case
of gasoline fuelling. With methanol fuelling a method derived by
Brettschneider (14) was employed.

Volumetric efficiency and brake specific air consumption were
determined from measured fuel flows and the calculated air/fuel ratios.

Equivalence ratio defined as:- stoichiometric air/fuel ratio
actual air/fuel ratio

was used when considering all results in order to facilitate comparison

-8~
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of engine performance when operating with gasoline and methanol since these
fuels had widely different stoichiometric air/fuel ratios.

EGR rate was defined as the flow rate of recycled exhaust gas
divided by the total flow rate into the engine and was calculated as
follows:-

%2 EGR = Inlet COp with EGR - Inlet COp without EGR
x 100

Exhaust C02 with EGR

4 o4 Vehicle Simulation Work

Since the ultimate objective of the project was to produce a methanol
fuelled engine capable of providing good vehicle performance it was
considered important to assess the likely fuel economy and exhaust
emissions of a vehicle fitted with the engine. |In order to provide
approximate predictions of these characteristics a Ricardo computer
simulation program (15) was employed.

The computer program used (CYSIM) is primarily designed to predict
the levels of exhaust emissions and fuel consumption to be expected from a
vehicle during operation over a prescribed velocity cycle (in this case
the 1975 FTP). Vehicle performance, in terms of acceleration times, can
also be predicted.

Essentially the program analyses the driving cycle and, from a
knowledge of vehicle characteristics, calculates the engine speed and BMEP
required to drive the vehicle over each velocity increment in turn. Knowing
these two parameters the levels of exhaust emissions and fuel consumption
are extracted from engine test bed performance maps which are represented
in the program input data by two dimensional numerical arrays.

The emissions data used as input to the simulation program and hence
the predicted results produced by it referred to 'engine-out' exhaust conditions.
The effects of any exhaust after treatment system, such as the oxidation
catalyst which was fitted to the engine exhaust system during the later
vehicle application tests to be conducted by EPA, were ignored.

It should be emphasised that the predicted results produced by the
simulation program are very approximate due to the use of several
simplifying assumptions which are incorporated in the program in order to
facilitate its use. The principal sources of errors are:-

i) The computer program produces simulated results of transient tests
using engine performance and emissions data derived under steady
state conditions, it is likely that under true transient operation
engine performance and emissions levels will show some variation from
predicted results.
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ii) All engine data used as input is nominally acquired at normal
operating temperatures. In actual 1975 FTP tests, the engine starts
from cold and hence its performance and emissions during the early

part of the test may be considerably different to what is predicted.

(These two points have been confirmed in previous work in which
simulation results were compared with measured data when some divergence,
especially in the case of HC emissions, has been observed).

It had been observed in previous exercises that the computer
predicted values of HC and CO emissions were generally lower than those
observed during actual vehicle tests, primarily due to the fact that the
effects of cold start mixture enrichment and the enrichment normally
occurring during transient manoeuvres in a real vehicle installation are
ignored in the simulation program.

For the vehicle simulation exercises the engine was assumed to be
installed in a Volkswagen Jetta passenger car. The main characteristics
of this vehicle were taken as:-

Weight 1020
Transmission manual, 4 speed
Ratios 1 2 3 L
3.45 1.94 1.29 0.97
Final Drive Ratio 3.9
Tyre rolling radius 0.26 m
Polar moment of inertia of:
engine and gearbox 0.18 Kg.m2
driving wheels 1.81 Kg.m?

Inertia weight and road load settings specified in the Federal
Register (vol. 42, no. 124, 28th June 1977) for a passenger car weighing

1020 Kg were used.

5. ENGINE DEVELOPMENT

5.1

Baseline Tests with Gasoline

Ricardo have considerable previous
HRCC version of the Volkswagen engine on
decided to first carry out some baseline
HRCC engine using this gasoline fuel and
been employed in previous exercises.

experience of operating a 1.5 litre
97 RON gasoline. It was therefore
performance tests on the EPA

with the same engine build as had

Comparison of the results of these

tests with those obtained from previous engineswould provide assurance that
the performance of the EPA engine was typical of other HRCC units; the
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results would also provide a baseline from which the performance exhibited
when methanol fuelled could be assessed. For these tests the engine was
therefore fitted with a production inlet manifold and twin barrel carburettor
having chokes, metering jets, etc., which had been found previously to provide
good full load performance throughout the speed range.

After an initial 20 hour break-in period during which speed and load
were progressively increased the engine was operated at a variety of speeds
and loads for approximately 30 hours in an attempt to achieve stable engine
friction levels and a representative level of combustion chamber deposits.
Following this the full load performance was measured over the speed range
from 20 to 90 rev/s.

The results produced by the engine in this build are plotted on
Figs. 4-6; also shown, for comparison, are the results of an earlier test
made on a similar HRCC engine with identical operating conditions. (The
data used to plot these and subsequent graphs is given in tabular form in
the Appendix to this report). A moderately high level of BMEP was
achieved throughout the speed range, this could be largely attributed to
the excellent volumetric efficiency of the engine brought about by the use
of free-flowing inlet ports, the absence of an air cleaner and the
presence of a negligible level of exhaust back pressure. The engine
performance compared quite well in most respects to that of the previously
tested HRCC engine. The BMEP was a little higher throughout the speed
range than had been previously observed but the shape of the curve was almost
identical. At low-mid speeds the increase in BMEP was probably caused by
the higher volumetric efficiency which in turn may have been caused by
slight differences in inlet port shape, valve timings, etc. between the
two nominally identical engines. The mixture strength supplied by the
carburettor was generally a little leaner than had been observed in the
previous exercise, at 30 rev/s the carburettor produced an over-rich mixture
probably due to peculiar pressure pulsations within the intake system at
that particular speed.

Ignition timings of the two engines were quite similar, the timings
of the EPA engine being a little less advanced at all speeds above 20 rev/s.
With both engines MBT (minimum advance for best torque) timings were used
where possible. Despite the use of 98 RON gasoline both engines were knock
limited over much of the speed range. The difference in knock limited
ignition advance between the two engines was partly due to the differences
in mixture strength, richer mixtures producing greater internal engine
cooling and so enabling more advance before knock was encountered, this
trade~off is well illustrated by the mixture strength/ignition timing
results at 30 rev/s (fig. 6).

The exhaust temperatures of the two engines differed by about 100°C.
This can be explained by the differences in engine output and mixture
strength and by the fact that the thermocouples used to measure the
temperatures were in slightly different positions in each case.
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In order to obtain an indication of the octane requirement of the
engine some tests were made at full load at 30, 40 and 50 rev/s using both
the 98 RON gasoline employed for the power curve test and using 105 RON
avgas. With both fuels the mixture strengths used were those supplied
'automatically’ by the carburettor. Knock limited spark advance was
determined with both fuels, and, with avgas, the MBT timing was also
identified. The results are plotted on fig. 7 and indicate that the
engine's fuel octane requirement was circa 100-101 RON for the particular
test conditions, mixture strengths and fuels used. A broadly similar
octane requirement has been demonstrated by other HRCC engine under similar
circumstances. It should be noted that other work conducted by Ricardo had
indicated that when using avgas in HRCC engines MBT timings are generally
some 2° more advanced than those required when using motor gasoline. This
discrepancy may be attributable to the different formulation of the two!

fuels. \

Baseline tests using gasoline were also run at four selected speed/
load conditions - !

20 rev/s, 1.5 bar BMEP |

40 rev/s, 2.5 bar BMEP

40 rev/s, 5.5 bar BMEP

60 rev/s, 4.0 bar BMEP

These conditions are frequently used by Ricardo as test points since
they cover the speed/load range commonly used by engines in light duty |
vehicles. At each test condition the mixture strength was varied in stages
from rich of stoichiometric to the lean limit of stable running. The |
results of these tests together with the results of similar tests run
previogsly on the identical Ricardo research HRCC engine are plotted on;
Figs. 6-19.

The results produced by the two engines were broadly similar. At
all test conditions the optimum brake thermal efficiency produced by both
engines differed by a maximum of 0.7% in absolute terms or about 4% in
relative terms. These differences can be accounted for by probable small
variations in the engine builds e.g. in combustion chamber configurations,
valve events, inlet and exhaust tract configurations, bearing friction
levels, etc. It was apparent that the EPA engine produced maximum thermal
efficiency at mixture strengths somewhat leaner than those observed with the
Ricardo research engine. The lean limit of operation of the EPA engine}was
also at rather lower equivalence ratios (.59 or 24.7:1 air/fuel ratio aé
40 rev/s, 2.5 bar and 60 rev/s, 4.0 bar). This extension of the lean 1jmit
may have been due to small differences in in-cylinder turbulence levels
caused by small changes in valve events, squish clearances etc. or by addition
of the high energy Delco ignition system.

The exhaust emissions of the EPA engine also showed some differences.
HC emissions were generally slightly higher than those produced by the
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Ricardo research engine. Again this may have been partly due to small
differences in in-cylinder combustion conditions but the main cause was
probably differences in exhaust sampling position which permitted less
oxidation of the exhaust gases in the time between their leaving the
cylinder and reaching the sample point. At 20 rev/s, 1.5 bar NOx emissions
were considerably higher from the EPA engine and displayed a different
variation with mixture strength to that observed on the earlier engine.
The cause of this was most probably particularly poor cylinder to cylinder
mixture distribution at this operating condition; this possibility was not
investigated since the object of the project was to develop a methanol
burning engine and not to perfect operation on gasoline.

5.2 Conversion to Methanol Operation

Following completion of the baseline tests with gasoline the engine
was converted to methanol build by fitting the appropriate intake manifold
and carburettor. As noted earlier the intake manifold was of very similar
form to the production gasoline unit but had a more extensive engine
coolant jacket in order to add more heat to the fuel/air charge and
therefore offset the effects of methanol's relatively high latent heat of
vaporisation, The methanol carburettor was a relatively simple single
barrel device having a protective phosphate coating on all surfaces liable
to come into contact with the fuel.

Initial tests using methanol were conducted with a thin (6 mm)
adaptor plate interposed between the carburettor and inlet manifold. The
plate was necessary since the opening into the manifold was of dimensions
suitable for the mounting of a twin barrel Solex carburettor while the
carburettor used (the only methanol proof unit available) was of single
barrel configuration. No air cleaner was employed during initial tests.

5.3 Full Load Performance

In order to assess the potential maximum performance of the engine
when methanol fuelled a full load test over the speed range was conducted
using optimised mixture strengths and ignition timings. The results are
plotted on Figs. 20-22 and may be compared with the results obtained with
gasoline shown on Figs. 4-6.

BMEP was generally higher at low speeds and lower at high speeds than
was obtained with gasoline operation. Volumetric efficiency, with the
single choke carburettor, was rather low throughout the speed range and was
primarily responsible for the reduction in BMEP at high speeds. The engine
was knock free throughout the speed range; the ability to utilise MBT
ignition timings was mainly responsible for the relatively high BMEP achieved
at low-mid speeds. The reduction in BMEP at 20 rev/s relative to that
obtained with gasoline was probably mainly due to the especially poor
cylinder to cylinder mixture distribution at this condition (see later
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section 5.6 and Fig. 38). The differences in engine operating parameters,
e.g. volumetric efficiency levels and the use of MBT compared with knock
limited spark advance, conspired to ensure that the theoretical gain in
torque which might be anticipated when changing to methanol fuel (due to
the increased number of moles of combustion products - see section 3) was
not really obvious. Also the changes to the inlet system - different
carburettor and manifold tended to mask any gains in volumetric efficiency
which might have been caused by the charge cooling effects of the methanol
due to its high latent heat of vaporisation.

The achievement of MBT ignition timings even at low speeds reflected
the good anti-knock properties of methanol and the relatively modest
octane requirement of the HRCC combustion system even when operating at a
compression ratio of 13:1. The MBT timings with methanol at 30, 40 and
50 rev/s were 12, 15 and 18° BTDC respectively., these timings were 39 less
advanced than the MBT timings determined using avgas. Due to differences
in volumetric efficiency and mixture strength the full load ignition advance
requirements cannot be compared on a truly equivalent basis but this and
later part load results suggest that slightly less ignition advance was
required with methanol fuel than when using gasoline, reflecting the reduced
ignition delay and faster flame speed associated with this fuel.

The mixture strength at which best torque was obtained was generally
richer when using methanol than in the case of gasoline. This difference
can be largely attributed to the very poor cylinder to cylinder mixture
distribution produced by the methanol carburettor/inlet manifold.

Exhaust gas temperatures were lower when running on methanol. This
was a reflection of the generally lower combustion cycle temperatures caused
by the fact that the calorific value of methanol is less than half that
of gasoline and its latent heat of vaporisation is very much higher. Hence
twice as much fuel having considerably greater cooling potential was
employed in the case of methanol.

Over most of the speed range the engine's full load brake thermal
efficiency when either methanol or gasoline fuelled was approximately equal
at 28%. A somewhat higher thermal efficiency was achieved at 40 rev/s in
both cases due to the fact that a relatively lean mixture strength produced
best torque at this particular speed.

The brake specific air consumption (BSAC) when methanol fuelled was
very low - circa 3.4 Kg/kWH over much of the speed range. This was primarily
due to the achievement of good combustion efficiency which in turn was
brought about by the relatively low temperature combustion of methanol/
air mixtures. The low temperature implied less heat losses to the
combustion chamber walls, less dissociation and a more favourable ratio
of specific heats of the combustion products.
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5.4 Knock and Pre-ignition Characteristics

The full load tests described earlier had indicated that when employing
the mixture strengths necessary for the production of maximum torque at
full load (WOT) the engine was knock free and MBT ignition timings could
be safely employed. It was considered desirable to establish the safety
margin available between the knock limited and MBT ignition timings
throughout the speed range. Also, since methanol was known to have a
strong tendency to pre-ignite it was considered essential to make some
investigations of the pre-ignition characteristics of the engine when
operating on this fuel,.

In order to determine the onset of pre-ignition an established
Ricardo technique was employed, a similar approach was also used in other
work with alcohol fuels reported elsewhere (17). Essentially the spark
plugs in each cylinder were simultaneously employed in their normal role
as sources of ignition and also as ionisation gaps to indicate the passage
of a flame front. To do this the electrical circuit illustrated in Fig. 23
was attached to each plug and output traces from each circuit were displayed
on an oscilloscope. Examples of the oscilloscope traces observed in various
modes of engine operation are shown on Fig. 24. Due to the use of a high
energy ignition system on the engine considerable interference between the
pre-ignition detection circuits was encountered, but extensive shielding of
the ignition system and careful interpretation of the oscilloscope traces
by the test operator enabled meaningful results to be obtained.

The major results of this exercise are indicated on Fig. 25. Using
Champion BN60Y spark plugs - the coldest grade readily available of the
type which would fit the engine - ignition timings at least 100 more
advanced than MBT could be safety employed over most of the speed range.
At 80 and 90 rev/s stable autoignition was observed in no. 3 cylinder
at quite advanced timings - this appeared as virtually simultaneous
ignition of the cylinder charge by the hot insulator around the plug
centre electrode and by the normal spark. Unlike the case of true pre-
ignition the timing of autoignition did not advance during successive
engine cycles. Changing to a less cold plug grade - Champion BN6Y -
resulted in violent pre-ignition occurring in numbers 2 and 3 cylinders at
speeds of 50 rev/s and greater with very little advance of ignition
timing beyond MBT. Inspection of the engine components after the incidence
of pre-ignition revealed that the ceramic insulators around the spark plug
centre electrodes were damaged, suggestingthat pre-ignition was initiated
at these points.

It was generally concluded from this work that when fitted with a
suitable grade of spark plugs and operated with an appropriate mixture
strength neither knock nor pre-ignition was likely to occur in the HRCC

engine when using methanol fuel.
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5.5 Part Load Mixture Loops

in order to provide a broad assessment of the performance of the
engine/fuel combination, at the operating conditions commonly encountered
in a vehicle application, tests were made at the same part load conditions
as had been used with gasoline fuelling. The results are plotted on
Figs. 26-37 together with the results of the earlier tests when gasoline
fuelled.

At three of the part load conditions methanol operation produced
relative gains in maximum brake thermal efficiency of 4-6% over the results
with gasoline fuel. These gains could be attributed to the effects of lower
combustion temperatures when using methanol and the creater number of moles
of combustion products per mole of fuel. At 40 rev/s, 2.5 bar there was
very little difference in maximum thermal efficiency, there was no obvious
explanation for such a result at this test condition.

Particularly at the lower speed and load test condition, there was a
tendency for maximum thermal efficiency to occur at leaner mixture strengths
with methanol than with gasoline fuelling. At 20 rev/s, 1.5 bar there was
a marked extension of the lean limit of stabie operation when using
methanol. Both of these trends were probably attributable to the higher
flame speeds normally associated with methanol combustion, this would
permit relatively good combustion with leaner mixtures where thermal
efficiency improvements should result.

NOx emissions were considerable lower (by about 60%) at any specific
speed/load/mixture strength condition than when gasoline fuelled. This
phenomenon was directly attributable to the lower combustion temperatures
which occurred when running on methanol, a fact confirmed by the considerably
lower exhaust gas temperatures in this case.

HC emissions, measured by a FID analyser equipped with a heated sample
line, were approximately half the level produced during gasoline operation.
The FID analyser was, of course, rather insensitive to emissions of methanol
(k0% response) so that unlike in the case of gasoline operation total
unburnt fuel emissions were not directly recorded. Some tests were made
using an unheated sample line to the FID. In these circumstances most of
the methanol in the exhaust stream was condensed in the sample line and did
not reach the FID. These tests produced HC emission measurements some 40%
lower than those obtained when using a heated sample line. It could be
concluded from this that the true total HC plus unburnt fuel emissions were
approximately 1.6 times the levels calculated directly from the FID readings.

A1l HC results in this report are based on FID measurements. No
correction factors are included for the FID response to methanol.

It was observed that, when methanol fuelled, HC emissions increased

gradually with mixture strengths leaner than about 0.9 equivalence ratio
whereas when gasoline fuelled the general level of HC emissions remained
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approximately constant until the lean limit of operation was quite closely
approached, when the emissions increased rapidly. This sudden, rapid,
increase commonly observed in gasoline engines can be accounted for by the
occurrence, with lean mixtures, of only partial combustion in the engine's
cylinders, the flame front being generally rather weak and slow moving and
quenching of the flame occurring before all the charge is consumed. The
gradual increase of HC emissions, even with fairly rich mixtures, when
methanol fuelled may have been caused by the low temperatures associated
with methanol combustion; these low temperatures probably produced larger

quantities of unburnt or partly burnt gas at the relatively cold surfaces
of the combustion chamber.

The ignition timing requirement when operating on methanol was
generally slightly less advanced than that for gasoline operation. Published
work (10, 16) based on other methanol utilisation exercises also notes a
similar trend but generally of a greater magnitude than the 2-3° difference
observed in the present exercise. The reduced ignition advance can be
accounted for by the shorter ignition delay period and more rapid flame
speeds in methanol/air mixtures. In the HRCC engine the high compression
ratio and high lTevel of in-cylinder turbulence ensures that even with
gasoline fuelling the combustion period is shorter and ignition advance
requirement is considerable less than in a conventional combustion chamber.
Hence it could be anticipated that the additional change brought about by
methanol fuelling would be relatively small.

5.6 Cylinder to Cylinder Mixture Distribution

In order to assess the cylinder to cylinder mixture distribution of
the engine when methanol fuelled, gas sample probes were fitted to the
exhaust manifold so that gas in each exhaust port could be sampled. With
this arrangement measurements of CO and 0y concentrations were made at some
full load and part load conditions. The results are recorded on Fig. 38.

At full load, mixture distribution was poor with a tendency for the
two middle engine cylinders (numbers 2 and 3) to be lean at low and mid
speeds. This kind of mixture imbalance is a fairly common phenomenon in
four cylinder in-line engines fitted with a single choke carburettor. At
part loads mixture distribution between the cylinders was quite uniform.

Since the poor full load mixture distribution did not appear to create
significant engine operational problems providing a sufficiently rich
overall mixture strength was employed, and since the resources dedicated
to this project were limited it was decided to make no direct attempts to
improve mixture distribution although observations made later (section 5.15)
showed that full load distribution was unwittingly improved as an adjunct
to other actions.
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5.7 Performance Mapping with Best Economy, Mixture Strength and Ignition
Timing

A review of the results of the part load mixture loop tests suggested
that operation on methanol at mixture strength equivalence ratios of about
0.7 should produce optimum fuel economy, very low NOx and CO emissions and
reasonable levels of HC. It was therefore decided to conduct a mapping
exercise over the part load operating range using this mixture strength
and optimum ignition timing. The results of this exercise, covering the
speed range 20-60 rev/s and BMEP's of 1.5-7.0 bar, are plotted on figs.

39-43.

At the higheﬁ loads it was necessary to enrichen the mixture to about
0.8 equivalence ratio in order to obtain the required power output. The
brake thermal efficiency of the engine was high; being generally about 10%
better in relative terms than previous results obtained by Ricardo from a
gasoline fuelled production 1.61 version of the Volkswagen engine (compare
figs. 40 and L44). NOx emissions were exceptionally low - Figs. 41 and 45;
HC emissions were of the same general magnitude as those of the production
gasoline engine (Figs. 42 and 46) but showed some increase at light load/
low speed conditiens.

In order to gain an approximate estimate of the likely fuel consumption
and exhaust emissions of a vehicle powered by the methanol fuelled engine
the steady state data derived from the mapping exercise was used in a
Ricardo computer simulation program.

The results of the simulation exercise are recorded in Table 3. As
anticipated, the fuel economy after making allowance for the low calorific
value of the methanol fuel, was fairly high, NOx emissions were exceedingly
low and HC emissions at 2.2 g/mile could probably have been reduced below
the currently permitted level, .41 g/mile, by application of an exhaust
oxidising catalyst. Although these results were interesting, since they
clearly indicated the potential of a methanol burning HRCC engine to produce
very low levels of NOx emissions and good fuel economy, it was recognised
that with the very simple methanol carburettor fitted to the engine the
control of fuelling so provided was insufficient to ensure acceptable vehicle
driveability at the lean mixture strengths used in the engine mapping
exercise. [t was therefore decided to assess the fuel economy and exhaust
emissions levels of the engine when operating with rather richer mixtures.

5.9 Performance Mapping at 0.8 Equivalence Ratio

Past experience with other gasoline fuelled HRCC engine had indicated
that good vehicle driveability could be achieved with part load air/fuel
ratios of about 18:1. It was therefore decided to aim for a similar mixture
strength (approximately 0.8 equivalence ratio) over much of the part load
range with the methanol fuelled engine.
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In order to assess the lJikely fuel economy and exhaust emissions of
the engine when operating at this equivalence ratio a further performance
mapping exercise was conducted. The resulting maps are shown on Figs.
4L7-51 and the predicted 1975 FTP results using these data are given in
Table 3.

With the richer mixture settings there was only a small decrease in
engine and vehicle fuel economy - confirming the trends of the earlier mixture
loops. However, significant changes occurred in NOx and HC emissions. NOx
emissions were 6 to 10 times greater at low speed/load conditions, HC emissions
were about 30% lower than those observed with the leaner mixture settings.

Both of these resuits followed the general trends displayed by the mixture
loops.

The predicted vehicle NOx emissions - 1.17 g/mile exceeded the original
target value of 0.8 g/mile by a substantial amount. It was therefore
apparent that in order to approach the target level while using a mixture
strength of 0.8 equivalence ratio at most part load operating conditions,
some additional means of NOx control was required.

The most conveniently available means of NOx control were use of
retarded ignition timings or application of EGR. Experience had shown that,
in the case of gasoline engines, attainment of worthwhile reductions in
NOx emissions by means of retarded ignition timings involve a considerable
trade-off in terms of increased fuel consumption. Use of moderate levels of
EGR could produce useful reductions in NOx, an insignificant change in
fuel consumption and a small increase in HC emissions. On balance it was
considered that application of EGR would be the best means of controlling
NOx emissions in the present exercise.

5.9 EGR System Development

To provide an initial assessment of the effects of EGR on the
performance of the engine a simple supply circuit was installed. This
circuit took exhaust gas from a point near the outlet of the exhaust
manifold and passed it through a conventional vacuum operated control valve
before adding it to the ingoing charge via a block sandwiched between the
carburettor and the inlet manifold. The arrangement of this circuit is
shown in Fig. 52. In order to determine the quantity of recirculated
exhaust gas a sample pipe of 8 mm diameter was fitted into the inlet
manifold directly below the carburettor. This permitted a sample of the
ingoing mixture to be taken so that CO0» level could be measured and EGR
flow rate calculated.

For the first test the engine was operated at 40 rev/s, 2.5 bar with
mixture strengths of 0.8 and 0.9 equivalence ratio. At each equivalence
ratio the EGR flow rate was increased in stages from 0 to approximately 10%
by progressively opening the control valve using a vacuum signal. The
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results of this test are shown on Fig. 53. |t was apparent that EGR was
very effective in reducing NOx emissions - a 50% reduction occurring with
about 5% EGR. HC emissions increased by relatively little when using EGR
and thermal efficiency was slightly improved. It was therefore concluded
that use of EGR was an attractive means of controlling NOx emissions in this

case.

In order to produce automatic control of EGR flow it was necessary to
provide an appropriate vacuum signal to the EGR control valve. Measurements
were made of required vacuum signal to provide suitable quantities of EGR
at different engine operating conditions. Tests were then made to identify
an appropriate tapping point in the carburettor body, slightly above the
throttle butterfly, which would provide a vacuum signal approximating to
that required. It was noted during this work that, especially at higher
speed/load operating conditions, EGR flow rate was strongly influenced by
exhaust back pressure. An arbitrary level of exhaust back pressure -

200 mm Hg at 90 rev/s - was therefore set by fitting a restrictor in the
test bench exhaust system. This pressure was chosen as being representative
of the level found in vehicle installations of gasoline engines where
catalytic reactors were incorporated in the exhaust system.

With the EGR system functioning a mapping exercise was conducted
over the engine's operating range in order to determine the variations in
EGR flow rate. The results are shown on Fig. 54. It was considered that
the EGR levels were broadly satisfactory with a maximum flow rate of about
10% and very low levels at low speeds/loads, where significant quantities
of EGR could adversely affect vehicle driveability, and at high loads
which would be little used during 1975 FTP tests and were therefore
relatively unimportant with regard to NOx level. Some further benefits
in terms of lower FTP NOx emissions could probably have been obtained by moving
the 'eye' of the map towards lower speeds, since during the FTP test with the
vehicle configuration assumed for the computer simulation work, a considerable
amount of the engine's operating time was spent in the speed range 30 to 50 rev/s.

5.10 .Optfmisation of lgnition Timing Settings

The high energy ignition system fitted to the engine incorporated a
distributor having conventional automatic centrifugal and vacuum operated
timing adjustment systems to provide spark advance with increasing engine
speed and decreasing load respectively. A short series of tests were made
to determine the 'as received' characteristics of these systems and also
to identify the optimum, MBT, ignition timing requirements at full load
and at part load when operating with a mixture strength of 0.8 equivalence
ratio and with the EGR flow rate shown on Fig. 54. Modifications were then
made to the distributor, including changes to the weights and springs
controlling the centrifugal (speed) advance and to the vacuum capsule
controlling the load advance, to obtain automatic timing characteristics
which quite closely matched the optimum requirements - see Figs. 55 and 56.

It was noted during the testwork that the optimum timing during low
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speed/full load operation (approximately 10° BTDC at 20 rev/s WOT) was
considerably less advanced than that required at idle (20-25° BTDC at

15 rev/s). This was due to the relatively rapid burn rate of the HRCC
engine at full load when compared with conventional gasoline engines. In
order to provide close to optimum timihg at both conditions the vacuum
signal to the distributor advance mechanism was taken directly from the
intet manifold rather than from a throttle edge tapping which is commonly
used on conventional gasoline engines.

5.11 Mixture Strength Adjustments

A considerable amount of time was spent attempting to obtain the
desired mixture strength conditions over the engine's operating range, i.e.
approximately 0.8 equivalence ratio at light and medium loads with
progressive enrichment to about 1.2 equivalence ratio at full load. As
noted earlier the carburettor employed was a simple, single barrel, fixed
choke device and had few means of mixture strength adjustment. After
numerous tests during which the effects of changes to the various fuel and
air metering jet sizes were comprehensively assessed it was concluded to be
impossible to obtain either the desired equivalence ratio (0.8) over a
significant portion of the part load operating range or the simultaneous
achievement of a rich mixture (1.2 equivalence ratio) at full load and a
lean mixture (circa 0.8) at part load conditions.

It appeared possible that fundamental modifications to the carburettor's
fuel metering circuits could have, at least partly, overcome these difficulties.
Only a single methanol proof carburettor was available and it was considered
that major modifications to it, involving replacement of 'cast-in' metering
jets and machining of new passages, incurred a substantial risk of
irreparably damaging the unit. Such work would also result in removing the
methanol proof phosphate coating from areas of the carburettor body, hence
permitting chemical degradation of the material. It was therefore decided
to retain the carburettor in its existing.basic form with jet sizes selected
to provide part load mixture strength as close as possible to that desired
and to add a supplementary fuel circuit, controlled by throttle position,
to enrichen the mixture at high load conditions.

This supplementary circuit comprised a small diameter tube taking
fuel from the base of the carburettor float chamber and delivering it to
the inlet tract below the throttle butterfly valve. A conventional jet
was incorporated in the circuit to provide a means of modulating fuel
flow rate and a methanol proof solenoid valve, activated by a micro switch
on the throttle linkage, was used to provide on/off control at close to
wide open throttle.

It was recognised that the mixture strength 'tune' resulting from
this approach was far from ideal but it was considered to be the best which
could be achieved with the available carburettor and in view of the cost
and time constraints under which the project was conducted. On the test
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bed used for engine development it was not possible to fully assess the
transient characteristics of the engine such as instability problems which
might occur at the throttle position where the supplementary full circuit
was activated. Far better control of mixture strength could be obtained
by using a more sophisticated carburettor - such as a twin barrel device.
No such carburettor, in methanol proof form, was available during the
course of this project.

Using the carburettor in its modified form the mixture strength
variations over the load and speed range shown in Fig. 57 were first
obtained. Over much of the engine's operating range the resulting mixture
strength was close to the desired level, at low speeds the carburettor
produced rather lean mixture (0.75 equivalence ratio).

5.12 Fuel Economy and Emissions with Automatic Control of Operating

Parameters

With the engine operating parameters - mixture strength, ignition
timing and EGR rate - under automatic control a further performance mapping
exercise was undertaken. The results are shown on Figs. 58-62 and the
predicted 1975 FTP results using these data are given in Table 3.

Brake thermal efficiency was very similar overall to that exhibited
during the previous mapping exercise. At low speeds the rather lean mixture
strength produced by the carburettor was close to the optimum value for
best economy while at higher speeds the adverse effect of the richer
mixture was largely offset by the beneficial effect of EGR.

NOx emissions were relatively low, again due to the use of lean
mixtures at low speeds and the presence of EGR at higher speeds. HC
emissions were slightly increased relative to the previous mapping exercise
(which used 0.8 equivalence ratio and no EGR) again due to mixture strength/
EGR effects.

These results were encouraging, ignition timing and EGR calibrations
were considered to be close to optimum and, given the limitations of the
carburettor, mixture strength control over much of the part load operating
range appeared to be reasonable, with the exception of low speed conditions
where lean mixtures were evident which could have incurred vehicle drive-
ability problems.

5.13 Engine Starting Characteristics

I't was anticipated that starting and driveability of the engine under
cold operating conditions would be poor since there would be little heat
available from the inlet manifold coolant jacket to vaporise the methanol
fuel. As an attempt to overcome this problem it was decided to supplement
coolant jacket heat with an electrical heater at these operating conditions.
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Two types of heater were available, a 'hedgehog' type unit which could be
fitted in the inlet manifold beneath the carburettor and a grid type device
which could be installed in the inlet tract between the carburettor and the
inlet manifold. Installation of a hedgehog unit in the engine's intake
manifold would have been difficult and would have involved considerable
modifications of the coolant jacket on the lower side of the manifold, which
would have resulted in a reduction in mixture heating during normal ‘'hot'
engine operation probably adversely affecting engine driveability.
Installation of a grid type heater was much simpler and was considered to be
much less likely to adversely affect general driveability although some
small power loss was anticipated due to the restricting effect of the grid
on inlet mixture flow. On balance it was decided that use of a grid type
heater was the most convenient approach to this particular application.

The heating grid was fitted to the lower side of the block sandwiched,
between the carburettor and inlet manifold, which was used to introduce
EGR to the ingoing charge - see Fig. 63. The power supply to the heater
was controlled by a thermostatic switch mounted in the engine coolant circuit
so that it was energised when the coolant temperature was lower than about

359C.

Other parameters likely to influence the engine operation under cold
conditions included the inlet air temperature and the mixture strength.
A production Volkswagen 'pancake' type, air cleaner suitable for direct
mounting on the single choke carburettor was fitted to the engine. This
air cleaner incorporated a thermostatically controlled flap valve so that
hot air, drawn from around the exhaust manifold,; could be induced in order
to maintain a carburettor inlet temperature of about 35°C at low speed/
load operating conditions. The carburettor was fitted with a choke flap
which was primarily manually controlled; manual selection of the fully
closed choke position also partly opened the throttle butterfly to a 'fast
idle' position. Two automatic override devices were incorporated in the
choke control mechanism. One, vacuum operated, partly opened the choke
flap in response to wide throttle openings. The other was a bi-metallic
coil spring with an electrical heater element in close proximity to it.
This heater was energised when the engine's ignition circuit was turned on,
this produced expansion of the coil spring which progressively opened the
choke. There was an inbuilt facility to permit the introduction of a time
delay into the choke opening schedule produced by this coil spring/heater
assembly and some adjustments were made to this.

Unfortunately it was not possible to test the starting ability of the
engine under low temperature conditions. All development work was conducted
in a normal engine test cell not provided with any climate control facilities.
Some impressions of the engine's starting characteristics were obtained by
monitoring its behaviour during the first start-ups made each day. Fig. 64
illustrates the changes in the main operating parameters duirng such a
start-up. With the choke manually set to its fully closed position the
throttle was slightly opened, to its fast idle position, by a cam on the
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choke lever. Before cranking the throttle was fully opened once - so
activating the carburettor accelerator pump - and then aliowed to return

to its fast idle setting, operation of the starter motor would then

produce regular firing in all cylinders within approximately 1 second where
upon engine speed would rapidly rise to about 2200 rev/min when the engine
was connected to the dynamometer - circa 3000 rev/min with the dynamometer
disconnected. As indicated in Fig. 64 the closed choke position caused

the mixture strength to be enriched to approximately 1.2 equivalence ratio
(7% exhaust CO concentration). Automatic choke opening (by the coil spring/
heater device) occurred after about 5 minutes in the example shown, earlier
or later opening could be produced by adjustment of the choke mechanism.

Observations of starting behaviour were made both with and without
the heater in the inlet tract energised. This made no apparent difference
to engine starting ability at the prevailing temperatures (12-15°C) at which
these tests were made.

It was, in the absence of specific tests, impossible to predict the
minimum temperature at which reliable engine starting could be achieved
when using pure methanol fuel. The general impression gained from
extensive operation of the engine during the development programme was that
unaided starting should be possible at quite low ambient temperatures -
probably below 59C; with the inlet heater operational starting might be
possible at considerably lower temperatures.

The minimum starting temperatures when using methanol fuel in the
HRCC engine are likely to be rather lower than those found to be possible
with conventional combustion chambers. The reason for this is that the
high compression ratio of the HRCC unit ensures relatively high compression
temperatures and hence a greater likelihood of vaporising the fuel in
the cylinders and producing an ignitible mixture in the vicinity of the
spark plugs.

5.14 Idle Operation

With the engine in its final build form, i.e. with air cleaner and
intet heater grid fitted, tests were made to assess its performance at
idle. Two standard tests were carried out with the speed held constant
at 15 rev/s - the normal setting for production VW engines of this type.
First ignition timing was held constant at 19° BTDC and mixture strength
was varied in stages by adjustment of the carburettor idle screws, this
permitted identification of the mixture strength for minimum fuel
consumption. In the second test the mixture strength was held constant
at the previously identified optimum value while ignition timing was varied.

The results of this work (shown on Figs. 65-70) indicated that with
optimum mixture strength and ignition timing settings minimum idle fuel
consumption was 960 g/h - equivalent to 435 g/h of gasoline - while HC
emissions were approximately 15 g/h. Previous tests with the gasoline

_24_



RIARBO

CONSULTING ENGINEERS

fuelled Ricardo research HRCC engine had produced best results of 530 g/h
gasoline consumption with 21 g/h HC emissions at the same operating
conditions, while a production 1.6 1 Volkswagen gasoline engine exhibited
corresponding figures of 800 g/h gasoline consumption and 23 g/h HC
emissions. The results of these tests are illustrated on Fig. 71.

5.15 Engine Performance in Final Build

The final build of the HRCC engine, in which it would be fitted to a
vehicle, included automatic control of all operating parameters, fuelling,
ignition timing and EGR rate, and the presence of the air cleaner and
inlet heater grid. In order to enrichen the mixture strength at low speeds/
loads, to ensure good vehicle driveability, some changes were made to
carburettor jets; the carburettor specification finally derived was:-

venturi diameter 22 mm
main fuel jet 190
air corrector/emulsion tube 100 2
pilot fuel jet 55

pilot air corrector/emulsion tube 72.5
supplementary enrichment fuel jet 110

This produced variations in equivalence ratio as shown on Fig. 72.
Although still far from the desired condition of 0.8 equivalence ratio
over much of the low and mid load operating range it was concluded that
the carburettor used offered little scope for further improvement in
mixture strength control. The supplementary enrichment system produced
compromise equivalence ratios fairly close to optimum throughout the speed
range at full load.

In order to determine the maximum performance of the engine in its
final form and to assess the losses incurred by the presence of the air
cleaner and inlet heater grid, measurements were made of full load performance
in two builds. Both builds included the air cleaner, automatic ignition
timing and mixture strength control (with the supplementary mixture
enrichment circuit operational) "and a restrictor in the exhaust system
in order to produce levels of exhaust back pressure similar to those
likely to be encountered in a vehicle installation. The inlet heater grid
was omitted in the first build but fitted for the second.

Comparison of the results of the first build with those obtained
during earlier tests - section 5.3 - permitted an assessment of the effects
of the air cleaner and a vehicle exhaust system on engine performance to
be made. The second build was effectively the final build of the engine
and so permitted the likely performance when installed in a vehicle to be
assessed.

In addition the effects of the inlet heater grid on engine
performance could be determined by comparing the results achieved with
the first and second builds.

_25_



RIARDO

— e ————
CONSULTING ENGINEERS

The results achieved with both builds are shown on Figs. 73-75. As
was anticipated, the presence of the air cleaner and significant exhaust
back pressure reduced the volumetric efficiency of the engine; somewhat
surprisingly the greatest reduction occurred at low speeds, perhaps due to
the occurrence of adverse pressure pulsation effects within the intake
system. The addition of the heater brought about a further significant
efficiency at mid-high speeds.

The relatively crude supplementary enrichment system provided a
mixture strength at low speed which was richer than that found to be
optimum during the earlier full load tests. Conversely, over most of
the speed range the mixture strength was considerably leaner than that
used previously. Despite this, no combustion irregularities such as knock
or pre-ignition were evident and the brake thermal efficiency was
considerably higher than that observed previously.

The good performance of the engine with mix:ure strengths significantly
leaner than those previously found to be optimum was at first attributed
to improvements in cylinder to cylinder mixture distribution and mixture
preparation brought about by the changes made to the intake system i.e.
introduction of a sandwich block (for addition of EGR) between the
carburettor and the inlet manifold and fitting of the air cleaner. However,
investigations showed that another feature - a gas sample probe fitted to
the inlet manifold - played a significant part in the achievement of good
mixture distribution. This sample probe, the location of which is shown
on Fig. 76, has been fitted to permit measurement of EGR rate. In order
to maintain the beneficial effects of this probe, while assuring good
durability, a solid steel bar having the same external dimensions was fitted
in its place.

The effects of the air cleaner, exhaust back pressure and the inlet
heater grid on BMEP and power output can be appreciated from comparisons
of Figs. 20 and 73. Without the heater grid maximum BMEP and power output
decreased by only a small amount. With the heater unit fitted a more
significant performance loss was evident (due to the reduction in
volumetric efficiency), but nevertheless the general level of performance
compared quite favourably with that produced by gasoline engines of
similar displacement fitted with single barrel carburettors.

In order to assess the part load performance of the engine in its
final build a further mapping exercise was conducted. The results are
shown on Figs. 77-81. Variations of BSFC and thermal efficiency over the
engine's operating range were very similar to those observed during previous
mapping exercises. NOx emissions, Fig. 79, were significantly increased
compared with the results obtained with leaner mixture strength settings -
Fig. 60. HC emissions, Fig. 80, were slightly reduced, again due to the
employment of a rather richer mixture strength.

Computer predictions of vehicle fuel economy and exhaust emissions,
Table 3, suggested that with the final engine specification and despite
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the short-comings attributable to the carburettor fuel economy would be

little changed from the previously predicted values. NOx emissions were
likely to be increased to approximately 1 g/mile while engine-out HC emissions
would probably be slightly reduced, to about 1.4 g/mile.

5.16 Aldehyde Emissions

Aldehyde emissions from methanol fuelled engines are generally
reported as being considerably higher than those produced by gasoline
fuelled units.

During the present project aldehyde emissions produced by the engine
when methanol fuelled were measured on two occasions firstly during the
course of a mixture loop at 40 rev/s, 2.5 bar and secondly during the
final part load mapping exercise. The results obtained during the mixture
loop are plotted on Fig. 29, the results of the mapping exercise are noted
on Fig. 82.

The aldehyde emissions broadly exhibited the anticipated variation
with mixture strength, i.e. a low level with stoichiometric fuelling, and
a higher level of leaner mixtures. Few reports of similar tests could be
found in the literature but those which were located (18) generally
indicated continually increasing aldehyde emissions with leaner mixture
strengths.

The results shown on Fig. 26 could therefore be considered rather
surprising in that aldehydes were slightly Jower in the range 0.6-0.7
equivalence ratio than at 0.8-0.9. The sampling technique and analysis
method used in the present exercise had been used by Ricardo in numerous
other investigations and appeared to produce repeatable, accurate results.
It was therefore concluded that the observed relationship between aldehyde
emissions and mixture strength was due to the combustion characteristics
of HRCC engines.

As indicated on Fig. 82, the general level of aldehyde emissions over
the part load operating range was of the order of 0.5 g/kWh. Comparison
with limited available data relating to similar methanol fuelled, spark
ignited, engines suggest that this level was quite low. It is difficult
to draw meaningful conclusions regarding the variation of aldehyde emissions
over the engine's operating range since two parameters - mixture strength
and EGR rate - were varying simultaneously with engine speed and load,

5.17 General Engine Condition

During the development testwork the engine was run for a total of
about 300 hours, for approximately 80 of which it was gasoline fuelled,
with methanol operation accounting for the remainder.

The cylinder head was removed twice during the project - after about
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120 and 200 hours respectively - in order to check the condition of the
cylinders, pistons, valves etc. On both occasions no major components
showed any signs of distress and apart from light lapping of the valves

no remedial work was required. Combustion chamber deposits - both on the
cylinder head surfaces and the piston crown - were quite light and gave no
cause for concern.

Some white/grey powdery deposits occurred in the inlet ports, manifold
and the lower part of the carburettor. These deposits formed only a thin
film on the various surfaces and apart from the need to occasionally remove
them from the idle air passage of the carburettor (where their presence
caused slight idle instability) they caused no problems. Discussions with
Volkswagen revealed that such deposits had also been observed during their
work with methanol fuel. They were attributed to chemical reactions
between the methanol and the small quantities of engine lubricating oil
which passed down the inlet valve stems.

The lubricating oil used in the engine was a conventional commerical
product (Castrol GTX 15W-50) rated SF/CC. 0il changes were made after
80 hours (when changing from gasoline to methanol fuel) and after 50 and
150 hours of engine operation on methanol. During these two latter changes
samples of used oil were analysed for fuel dilution, TBN and viscosity; the
results were:-

Test Fresh 0il1 50 hour 150 hour
Method sample sample
Fuel Dilution % Vol IP23 No Dilutioén <.05
TBN mgKOH/g IP276  9.20 6.3k 4.67
Viscosity @ 40°C mm2/s IP71 123.10 96.75 102.4

The results were not significantly different to those which might
be anticipated following similar periods of engine operation with gasoline
fuel. Engine oil consumption was low at approximately 1 pint/150 hours of
operation.

Spark plugs (Champion BN60Y) were routinely changed at frequent
intervals during the project. No signs of plug degradation were observed
except during pre-ignition tests with a rather less cold plug grade (BN6Y)
when damage to the insulator around the central electrode, and in one case
to the ground electrode, was observed. With the BN60Y plugs, despite this
being a very cold grade, no problems such asplug wetting during engine
start up were observed.

No signs of chemical attack by methanol of any of the engine's fuel
system components were noted.
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6. SUMMARY OF THE DEVELOPMENT WORK

The baseline tests on the EPA HRCC engine using gasoline fuel indicated
that its performance was broadly similar to that of a nominally identical,
Ricardo research, HRCC engine tested previously. Full load performance was,
in fact, slightly better and at part load conditions the observed small
variations in thermal efficiency and exhaust emissions could be accounted
for by the inevitable small differences occurring between two engines, e.q.
in inlet tract and combustion system dimensions, in engine friction levels
and test installations. Using 98 RON gasoline the full load performance
was knock limited over much of the speed range; the octane requirement of
the engine was found to be about 101 RON - typical of HRCC engines having
a 13:1 compression ratio and significantly lower than that generally
observed with other combustion chamber forms at the same compression ratios.

After fitting the appropriate inlet manifold and carburettor the full
load performance when using methanol fuel was slightly inferior to that
achieved during the earlier gasoline tests. This degradation could be
largely attributed to the adverse effect of the single barrel methanol
carburettor on volumetric efficiency. The cylinder to cylinder mixture
distribution was also poor, necessitating the employment of fairly rich
mixture strengths and penalising thermal efficiency. Optimum (MBT) ignition
timings could be used at full load at all speeds reflecting the high octane
gual ity of methanol and the modest octane requirement of the HRCC combustion
system, even at 13:1 compression ratio.

Pre-ignition was found to be avoided by a wide margin when using an
appropriate, cold, grade of spark plugs. These plugs, Champion BN60Y,
appeared to produce good engine operation at all conditions and were
apparently not prone to problems of fouling during engine starts.

At part load conditions, mixture loops indicated that methanol
operation produced higher thermal efficiency than was achieved with gasoline
fuelling due to lower combustion temperatures, which reduced heat losses,
and the larger quantity of combustion products formed when burning methanol.
The mixture strength for best economy was generally found to be at an
equivalence ratio of about 0.7, this was rather leaner than in the case of
gasoline fuelling and might be attributable to the faster flame speeds
associated with methanol combustion. NOx emissions were much lower than
during gasoline operation, this resulted from the lower combustion temperatures
which were in turn primarily caused by the high latent heat of vaporisation
of methanol. HC emissions were significantly lower during methanol operation,
partly due to the relative insensitivity of the FID analyser to the unburnt
fuel emissions.

A part load performance mapping exercise suggested that operation at
the best economy mixture strength, circa 0.7 equivalence ratio, would
produce good vehicle fuel economy (at least on an energy basis) and very
low NOx emissions. However, it was felt that the limitations in mixture
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strength control% an inherent feature of the relatively unsophisticated
carburettor which was employed, would heavily penalise driveability when
using such lean mixtures. Therefore it was considered necessary to operate
rather richer than this. Accordingly the mapping exercise was repeated
using a part load mixture strength of 0.8 equivalence ratio; thi§ pfoduced
only a small fuel economy penalty but a large increase in NOx emissions.

In order to reduce NOx emissions a simple EGR system was developed
and fitted to the engine. Tests showed that EGR was a very effective
means of NOx control - 5% EGR produced a reduction on NOx emissions of
approximately 50%, a small gain in thermal efficiency and a relatively
small increase (15-20%) in HC emissions.

Modifications to the distributor provided automatic ignition timing
variations over the speed/load operating range of the engine which were
very close to optimum. Tuning of the carburettor to provide automatic
control of mixture strength at the equivalence ratios desired - 0.8 over
most of the part load operating range and 1.1-1.2 at full load - proved to
be impossible. A supplementary full load enrichment circuit, controlled
by throttle position, was added to the carburettor. With this, mixture
strength at full load was close to ideal but at part loads the desired
equivalence ratio - 0.8 - could only be attained over a small part of the
engine's operating range.

In order to improve the cold starting performance of the engine a grid
type of electrical heater was incorporated in the inlet tract between the
carburettor and inlet manifold. Tests indicated that the presence of this
heater had a small adverse effect on volumetric efficiency and hence on
full load BMEP and power output. It was not possible to investigate the
effects of the device on the engine's cold starting ability. During
general development work immediate, unaided, starting was consistently
achieved at ambient temperatures of around 12°¢.

The full load performance of the engine in its final 'vehicle' build
exhibited maximum BMEP of 9.6 bar and a maximum power output of 53 kW.
These were considered to be acceptable figures which compared favourably
with results achieved by gasoline engines of similar displacement fitted
with single barrel carburettors.

The part load performance mapping exercise conducted with the engine
in its final build form indicated that despite the far from ideal mixture
strength control provided by the carburettor thermal efficiency was very
similar to that observed during earlier mapping exercises. NOx emissions
were higher, primarily due to the rather richer mixture strength supplied
over much of the operating range. HC emissions were slightly lower, again
due to the use of generally richer mixture strengths. FTP cycle simulation
results suggested that vehicle fuel economy would be similar to earlier
predictions but NOx emissions would be increased to about 1 g/mile;
‘engine-out' HC emissions predicted to be 1.4 g/mile, could most probably

_30-



RIARCO

CONSULTING ENGINEERS

be reduced to less than the target value of 0.2 g/mile by application of
an exhaust oxidation catalyst.

The aldehyde emissions produced by the engine were measured at numerous
part load operating conditions. The general levels compared quite favourably
with limited published data relating to other methanol fuelled engines.

The condition of the engine both during and at the end of the test
programme was generally unaffected by the use of methanol. Light deposits
were observed in the inlet system, these were attributed to a chemical
reaction between the fuel and the small quantities of lubricating oil passing
down the valve guides. Combustion chamber deposits were very light and gave
no cause for concern. The Champion BN60Y spark plugs appeared to offer
good service characteristics, no plug fouling was observed. A commercial
lubricating oil was used and exhibited no signs of abnormal degradation
which could be attributed to the use of methanol fuel.

7. CONCLUSIONS

A prototype optimum engine for methanol utilisation incorporating a
Ricardo HRCC combustion system was successfully developed during this
project.

The performance of the engine on gasoline fuel was typical of HRCC
units, indicating a 10% fuel economy advantage over conventional, low
compression ratio, combustion systems. The engine's octane requirement -
approximately 101 RON - was typical of HRCC units and considerably lower
than that of a conventional combustion system at the same, 13:1,compression
ratio.

In its final methanol build form with automatic control of fuelling,
ignition timing and EGR the engine was entirely free of detonation and
preignition and appeared likely to provide good vehicle driveability,
moderately low exhaust emissions and reasonable fuel economy. Maximum
power output was 53 kW, and was limited primarily by the use of a single
barrel carburettor. Using a computer simulation program 'engine-out'
emission levels and fuel consumption over the 1975 FTP test cycle of a
2375 1b car powered by the engine were predicted to be:

HC - 1.35 g/mile
NOx - 0.98 "
co - 1.75 "

Fuel Consumption - 14.7 miles/US gallon (methanol)
30.3 miles/US gallon (gasoline equivalent)

When methanol fuelled the maximum thermal efficiency of the engine
at part load was higher than when using gasoline and occurred at a leaner
mixture strength. At such mixture strengths CO and NOx emissions were very
low; HC emissions were moderately low and could be considerably reduced by
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application of an exhaust oxidation catalyst. The simple methanol proof
carburettor fitted to the engine could not provide sufficient control of
fuelling to ensure good vehicle driveability with the optimum, lean,
mixture strengths. A richer mixture calibration was therefore employed
for the final engine build.

Unaided starting was easily achieved at ambient temperatures of
10-15°C. An inlet charge heater was fitted to the engine to assist starting
at lower temperatures.

The fuel consumption (on an energy basis) at idle was significantly
lower than that of conventional and HRCC gasoline engines.

Aldehyde emissions were moderately high but application of an exhaust
oxidation catalyst should effectively overcome this problem.

Following 220 hours of methanol operation the general engine
condition was highly satisfactory. No problems which could be attributed
to methanol utilisation were observed. Engine operation at low temperatures
was not investigated.

8. RECOMMENDAT IONS FOR FURTHER WORK

1. The performance of the engine when fitted in a vehicle equipped with
an exhaust oxidation catalyst and a suitable secondary air supply
system should be assessed.

2. Mixture strength control over the engine's operating range should be
improved by installing a more sophisticated (twin barrel) carburettor.
Following this the improvements in all aspects of engine performance -
power output, torque, fuel economy, exhaust emissions and vehicle
driveability - should be investigated.

3. The cold starting ability of the engine should be determined. Changes
to the inlet charge heater - its design and installed position may
be advantageous.

b, The possibility of increasing the engine's compression ratio with a
view to obtaining better fuel economy will still retaining full load
operation free of knock and pre-ignition should be assessed.

5. Engine packaging could be improved by changing to an ignition
distributor of smaller dimensions.

6. Engine durability should be investigated.
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FUEL SPECIFICATION

L-STAR PETROL (BS 4040:1971)

TEST

Appearance

Colour

Relative Density @ 60/60°F
Reid Vapour Pressure 1bf/inZ
Distillation

1BP°C

10% recovered @ ©°C
50%

90%

FBPO

Recovery % vol
Residue % vol

Existent Gum mg/100 ml
Sulphur Content

Copper Corrosion @ 500C
g/uUs gal
Phosphorus Content g/US gal

Lead Content

Oxidation Stability mms
Octane Number:

Research Method
Motor Method

Hydrocarbon Types:

Aromatic Content % vol
Unsaturates % vol
Saturates Content % vol
Carbon Content

Hydrogen Content

Stoichiometric Air/Fuel Ratio

Calorific Value kJ/kg

Latent Heat of Vaporisation kJ/kg

METHOD

Visual

Visual
1P160
P69
IP123

(P131

IP107

1P154

A.A.

UOP 353 (mod)
1P40

1P237
IP236

IP156

Elemental

RESULT
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TABLE 1

Clear and bright
No visible impurities

Yellow

0.7466

12.1

30.
h7.
100.
165.
203.
98.

55.
86.
13.

4.

OO OoOCo\uUVTio o

. Ok

58
37

6

43960
400
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TABLE 2

FUEL SPEC|FICATION

METHANOL (BS 506:1966)

Appearance

Relative Density @ 15.5/15.50C
I BPOC
952 @ °c
FBPOC
Water Content
Aldehydes and Ketones
Alkalinity
Acidity
Sulphur and Sulphur Compounds
Composition % by weight
Carbon
Hydrogen
Oxygen
Octane Quality (from literature)
RON
MON
Stoichiometric Air/Fuel Ratio
Measured Calorific Value kJ/kg
Latent Heat of Vaporisation kJ/kg

(from literature)

Clear, colourless, free from suspended
matter and sediment

0.798-0.795

>64.5

<65.25

<65.5

<0.5% by weight (measured - 571 ppm)
<.015% by weight, as acetone
<.0005% by weight, as ammonia
<.003% by weight, as formic acid

<.0001% by weight, as sulphur

37.5
12.5
50.0

104-114
87-97
6.46
19940
1100
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TABLE 3
PREDICTED FTP RESULTS USING
RICARDO COMPUTER SIMULATED PROGRAM
HC co NOx Miles/gal
(gram/mile) (methanol) (gasoline
equivalent)

Best Economy Mixture 2.17 2.78 0.30 14.73 30.43
Strength
No EGR
(Figures 39 to 43)
0.8 Equivalence Ratio 1.61 2.07 1.17 13.95 28.82
No EGR
(Figures 47 to 51)
Initial Auto Mixture 1.87 2.22 0.62 14.73 30.44
(Lean)
with EGR
(Figures 58 to 61)
Final Auto Mixture 1.35 1.75 0.98 14.67 30.31

with EGR
(Figures 77 to 81)
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REFER TO FIGS. & - 6
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OCTANE REQUIREMENT TESTS - REFER TO FIG. 7

AUTO CARBURATION

98 RON GASOL INE

SPEED BMEP Co MBT/KL
(rev/s) lbar) (3) T°BTDC)
30 9.3 9.6 -/8
Lo 9.7 2.6 -/6

50 9.7 5.0 =/

105 RON GASOLINE

BMEP CO  MBT/KL

Toar) (%) (°BTDC)
9.3 9.0 15/35

10.0 2.5 18/32

9.9 6.2 21/36
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SADART L WRCD DR o
‘ REFER TO FIGS. 8-10
PIYTURE QO B SOREUVSS L TERAK
(/%0 PR, 1 a57 0400 1R 10K 2A0CAMSHART
BRAKE Al METER FUEL M/ DARBON CHELORIFIC

CONSTANT CONSTANT B.Ga RATIOD VALl
33,4717 L Q00000 L7EO0 1.80 44000,00

FOKE

7LD 73,40 4

VLR

DAy ADNTH YEAR TEST EAROHETER WET RULE DEY BULE FOWER FRICTION
NUMBER TEMFERATURE TEMFERATURE CORRECTION ORTION
o ¥ @l 79,00 757,30 18.90 285.60 0 1.

-

20.00 20,00 20,00
X.he R, 46 B.bo
20,00 20,00 20,00
72.34  T1.34  70.96
23,00 2E,00 25,00
28,00 26.00 28,00 29.00 29,00
4370.0 F780.0 3300.0 3180.0 3420.0
2,300 4 .500 L1060 ,100  L100
600.0 800,00 1000.0 400.0 200.0
13.600 14.500 14.000 13,100 11.400
L4550 500 2.3200  3.000  5.100
13.00  13.00 15.00 16.00 17.00
258.0 263,0 2467.0 267.0 278.0

AT MANIFOLD PRESS. (mm.Hg)~468.00~-44646.50-4466.50~453.75~-420.70




LWL HETO ENGINE

REFER TO FIGS. 8-10
MIKTURE LDO& @ 20REV/S 1, SRan

ST ONQ. 7RO EARDMETER 257,30 MM HG . WET B
DRY e

DeTe 217 9

RELATIVE HUMIDITY = 52,
HUMIDITY CORRECTION FACTOQR =  1.00
GRAING OF WATER/LE DRY ATk = 75,94

3 E B ummuwEn o on o suwwaowom I
TeEEEnaEuIIALINIRGS S B
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H C MOX [ R
% G/¥u AR GAKW LR GZKWLHR G/KU.
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O R EHMEF TORGUE FURL
Ky Bk N G/MW MR

1,50 L7 .4 457 23,70 .00 1BLEC .00 16.62 13,08 6.04 140,48 1305
1.50 A0 477 .4 24.7¢ L0 14,50 .00 17.15 11.7% &, 31.43 1432

1.50 40 5%, ZELAL 0D 1%.60  .0)  17.98 10.41 10.53 637 140%, 68
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DATE 21/ 9/81

RELATIVE HUMIDITY
HUMIDITY CORRECTION FACTOR
GRAINS OF

SFEED
REV/G

a0.0
20.0
20,0
20.0
20.0

FOWER

W

2.19

.19
2.19
2.19
2.19

WATER/LE

EBMEF
BAR

1.50
1.350
1.50
1.50
1.50

RICARDGO 1.3 HRCC ENGINE

TEST NO.

79

DRY AIR =
trapsprre
s IF POWE

RESULT

TORQUE

M. M

17 .40
17.40
17.40
17.40
17.40

MIXTURE LLOOF @ 20REV/S 1.SEAR

.0 EAROMETER 757 .30 MM.HG

52.79
1.00
73.94
Bo= 0.0 RESULTS LISTED
5 IN (BRACKETHE) ARE Cal

FUEIL VOLUMETRIC
G/KW.HR  EFFTCIENCY (XD

492 .2 23.7¢ -0}
477 .1 24.71 - 0)
455 .1 25,44 0D
461 .3 26.914 .02
K468.6 30.7¢ .0

DRY BULER

W—-HR

ATR FUEL
RATIO

13.6¢
14,54
1G.6¢
16,31
18,31

-0
203
.07
00
-0)

4awusezzmezpann
@ W g s wo @ H i

ARE AT U(%LI

B.T.E.

%

16.62
17.

17.98
17.73
17.46

Y

REFER TO FIGS. 8-10

TWET BULE TEMP(C) 18.9
TEMFLE) 25,6

G/H

non
a

DATA

az

-

n

-
W n
u

"

a5
®a

H G

G/KW .. HR

13.02

.73
10.41
10.86
1%.83

NOX

G/KW . HE

6.04
2.2%
10.53
6.84
2.64

co

G/KW .. HR

140.48
31.43
6.39
6.92
8.02

coz

G/KW . HE

1303519
1432.,06
1405.68
1423.74
1436.07

HC « NOX
G/KW L HR

19.06
20.01
20.94
17.70
16.18



EFA 1.5L HRCC ENGINE

13:1CR
BORE STROKE NUMEER OF
CYLINDERS
79.50 73.00 4
DAY MONTH YEAR
16 7 82

fes s A IS BN

12
13
14
1S
16
28
26

i1

ENGINE SFEED (REV/S)

BRAKE LOAD

FUEL MASS ( GRAMS )

FUEL TIME ( SEC )

FUEL TEMFERATURE ( C )

AIR METER TEMFERATURE ( C )
HYDROCAREONS ¢ FPMC )
CAREBON MONOXIDE ( % )
OXIDES OF NITROGEN ( PFM )
CAREON DIOXIDE ¢ % )
OXYGEN ¢ % )

IGNITION TIMING

EXHAUST TEMFERATURE

MIXTURE LOOF AT A0OREV/S Z2.5BMEF EAKR

CYCLE BRAKE AIR METER
TYFE CONSTANT CONSTANT
4. ?.0640 000000
TEST BEAROMETER WET BULE
NUMEER TEMFERATURE TEMPERATURE
7.00 765.50 17.50
40.00 40.00 40.00 40.00 40.00 40.00
1.64 1.64 1.64 1.64 1.64 1.64
50.00 S0.00 S50.00 50.00 50.00 S0.00
62.10 65.90 67.30 6%9.00 68.90 5T8.00
26.00 26.00 27.00 27.00 27.00 28.00
30.00 31.00 31.00 31.00 32.00 32.00
3480.0 3540.0 3150.0 3150.0 3300.0 7500.0
1.800 .200 -100 -100 090 - 140
1700.0 3080.0 3020.0 1500.0 325.0 60.0
13.700 14.400 13.300 11.700 10.200 8.000
=700 1.550 3.100 5.150 7.000 10.000
19.00 22.00 24.00 27.00 31.00 39,00
515.0 3519.0 S04.0 4B4.0 471.0 455.0

DRY BULE

24.00

INTAKE MANIFOLD FRESS.(mm.Hg)-435.00-427.50~-412.50~-390.00-352.50-262.50

REFER TO FIGS. 11-13 & 29-31

CALORIFIC

CORRECTION

AARDC

CONSULTING ENGIM

TUREOCHARGED
OFTION
0

OUTFUT
OFPTION
4



EFA 1.5L HRCC ENGINE REFER TO FIGS. 11~-13 & 29-31

13:1CR

DATE 14/ 7/82 TEST NO. 7.0 BAROMETER 765.50 MM.HG WET BULE TEMF(C) 17.5
DRY BULE TEMF(C) 24.0
RELATIVE HUMIDITY

HUMIDITY CORRECTION FACTOR = .97
GRAINS OF WATER/LE DRY AIR = 67.41

¢ IF POWER = 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALLY G/HR =
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA
FOWERS CORRECTED TO DIN.70020

SPEED POWER BMEF TORQUE FUEL VOLUMETRIC AIR FUEL ‘uT.E. HC NOX ca coz
REV/S Ku EAR N.M G/KW.HR EFFICIENCY(X) RATIO % G/KW.HR  G/KW.HR G/KW.HR G/KW.HR
40.0 7.31 2.52 29.07 400.5 32.8¢ «0) 13.9¢ )] 20.4%5 8.79 13.89 ?2.16 1102.17
40.90 7.32 2.52 29.12 379.7 34.0¢ -0 15.1¢ .0 21.57 8.99 25.28 10.29 1144.01
40.90 7.32 2.52 29.12 369.6 35.8¢ -0) 16.4¢ .07 22.16 8.49 26.30 S.46 1140.86
40.0 7.32 2.32 29.12 340.4 39.1¢ .02 18.3¢ L0 22.72 9.37 14.43 6.03 1108.17
40.0 7.33 2.53 29.17 261.0 44.1¢ -0) 20.6¢ -0 22.469 11.22 3.57 6.20 1103.70
40.90 7.33 2.53 29.17 428.8 62.2¢ - 0) 24.4¢ .0) 19.10 36.18 .24 13.68 1228.44

HC + NOX
G/KW . HR

22.68
34,27
34.79
23.80
14.79
37.11



REFER TO FIGS. 11-13
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QD e
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S+ AONOKT S A 4,700 L 200 110 L 100
f PR s F0OD,0 1706.0 1500.0
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412.0 444,00 447.0 445,00 4370
S tmin HE)-A4ZF L. 00-404 2% 41y 25418,

oy




REMAS

40 .,
40 .,
40,0
40,0
A0 .0
40,0

DATE 2ls 9/81
HELATIVE HUMIDITY
HUMIDITY
GRaIrE OF

EMER
K EAR

2.50
B0

4'—.\_
2.50
P 2.50
7.29 2.90
FaRAL 2.50

FICARDO

CORRECTION FACTOR
WATER/ZLE DRY AlFR

LLEL

MIXTURE

FUEL

GAKW . HR

HRCC

VO UME
EFFLCTIENMOCY ()

ENGIME

LOgF |

EAROMETER

[ u\l

33.
33. éf
4.

15.?(

32.1¢

495,99

2 4oREV/S

PO LS

RIG

=00
-0
W13
Q)
Q)
ey

ML HG

AR FUEL
RATIO "

12.6¢
14.3¢
19,24
19.9¢
16.8¢
17.9¢

3. SEAR

REFER TO FIGS. 11-13

TEMFGIY 1é6.4
TEMFIC)Y 23,3

WET BULE
DRY EULE

quuwsa gy
“wanAon A=A 8 o on
u

TER DATH

NOX
G/KW . HE

E.T.E. HoG
G/KW. MR
D74
13.23
15.2%
16.93
14.14

3.73

.00 18.34 7,05
vy 21 .15 4,59
203 2L.76 5.82
200 ‘AnQ .80
03 21 .90 &.08
«0) 21.71 7 .37

G/KW .

C O

247 02
40 .03
Ta.6Y
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HE
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EFa 1.50

HRCC ENGINE

13:1CR
BORE STROKE
79 .50 73.00
DAY MONTH
20 7

ENGINE SFEED (REV/S)
BRAKE LOAD

FUEL MABS ( GRAMS )
FUEL TIME ¢ SEC )
FUEL

HYDROCAREONS ( FPMC
CAREON MONOXIDE ( %

OXIDES OF NITROGEN ( PFM )

CAREON DIOXIDE ¢ % )
OXYGEN ( %X )
IGNITION TIMING
EXHAUST TEMFERATURE

TEMPERATURE ¢ C )
AIR METER TEMPERATURE ( C )

MIXTURE LOOF AT 40REV/S S.SBMEF BAR

REFER TO FIGS. 14~16 & 32-34

NUMBER OF CYCLE BRAKE AR METER FUEL
CYLINDERS TYFE CONSTANT CONSTANT S.6.
4 4. 2.04640 000000 .7380
YEAR TEST BEAROMETER WET BULE DRY EULE
NUMBRER TEMPERATURE TEMFERATURE
82 11.00 770.00 17.20 25.00
40.00 40.00 40.00 40.00 40.00 40.00
3.60 3.60 3.60 3.60 3.60 3.690
100.00 100.00 100.00 100.00 100.00 100.00
74.70 79.60 80.70 82.20 83.60 82.40
27.00 28.00 28.00 29.00 30.00 29.00
32.00 33,00 32.00 3I3.00 3I3.00 34,00
) 3480.0 3240.0 2850.0 2850.0 3090.0 3360.0
) 1.300 .120 -09% 095 100 . 100
2580.0 4000.0 4000.0 3600.0 1400.0 1000.0
14.100 14,000 13.500 12.200 10.300 9.700
790 2,030 3.150 5.100 7.000 7.800
16.00 20,00 23,00 26.00 33.00 A7.00
595.0 587.0 568.0 544.0 524.0 U16.0

INTAKE MANIFOLD FRESS. (mm.Hg)-256.30-247.50-225.00-191.25-138.75-112.50

H/CARBON
RATIO
1.80

FOWER
CORRECTION
0

CALORIFIC
VALUE
43960 .00

FRICTION
OFTION
1.

TUREOCHARGED
OFTION

0

OQUTFUT
QF TION
4



EFA 1.5L HRCC ENGINE REFER TO FIGS. 14-16 & 32-34

13:1CR
DATE 20/ 7/82 TEST NO. 11.0 BAROMETER 770.00 MM.HG WET EULE TEMF(C) 17.2
DRY BULE TEMF(C) 25.0
RELATIVE HUMIDITY = 45.11
HUMIDITY CORRECTION FACTOR = 75

GRAINS OF WATER/LE DRY AIR 61.38

¢ IF POWER = 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALLY G/HR :
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA
SFEED FPOWER EMEP TORQUE FUEL VOLUMETRIC A1R FUEL E.T.E. H C NOX co coz HC + NOX
REV/S Ky BAR M. M G/KW.HR EFFICIENCY (%) RATIO % G/KW.HR  G/KW.HR  G/KUW.HR G/KW.HR G/KUW.HR
40.0 15.89 S.48 63.21 303.3 55.6¢ -0 14.1¢ ) 27.00 6.70 15.64 50.74 864.64 22.37
40.0 15.89 S5.48 63.21 284.7 57.5¢ -0) 15.5¢ .0 28.77 6.39 24.8% 4.79 878.40 31.23
40.0 15.89 S.48 63.21 280.8 59.8¢ .0) 16.4¢ .0) 27.16 5.77 25.50 3.89 869.43 31.27
4%.0 15.89 5.48 63.21 275.7 65.2¢ -0 18.2¢ «0) 29.71 6.25 24.86 4.22 851.08 31.11
40.0 15.89 S.48 63.21 271.1 72.5¢ -0 20.5¢ -0) 30.21 7.82 11.17 S5.13 829.94 18.99

40.90 15.89 5.48 63.21 273.0 77.7¢ .02 21.6¢ .0) 29.78 ?.12 8.53 5.50 837.80 17.67



REFER TO FIGS. 14-16
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Pt

[
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M CAREO
RATIO
1.80

d —
ST ANT
L0000

FRICTION
OFTION

4 A
. £L

WET BLR
TEMFERATURL
100

MONTH

YE&R

Ed

i 4G, 00 40,00 AL Q0 A, 008G, 00 49,00
2 13,41 13,41 1ELaL LR LA A
A 100,00 100,00 100.00 ﬂ“o.bu 100,00 1®u"uo
G L4380 47,38 Y. b X, A0 ; ;

& 2E.00 2300 o, 00 00
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RLCARDE 1.5 HROEC ENGINE REFER TO FIGS. 14-16

MIXTURE LOOF & 40REVSS 5

PETE Z3s 9781 TEST MOL 78.0 EAROMETER 7E9 .20 MM.HG WET BB TEMPOC) 17.0
DRY BULE TEMPLCY 24,7
RELATIVE HUMIDITY =
HUMIDITY CORRECTION FACTOR = W
GRAING OF WATERZLLE DRY AlR =

4w BB R M AE LD ok " awwwEpumoag mummoamwonou oo
n

UF POMER = 0.0 REQUL'S 'InTEu

FESULT hPE METER Uﬁ‘ﬁ

SHEED FOWER EME TORGUE FUEL. OLUMETRIC AR FUEL BaT.5. H NG oo oo MO A MK
REV/S AT Bak N.M G/7KW.HRE EFFTICIENCY (2D FAaTIO 4 G/KW.HR  GAKW.HR B/KWLHRE G/AKWL MR G/KW MR

W17 2HD .84 LHE0O .99
174,38
] ay.a% 4, 7
A0 .60 R RVA BRI LA
! 7 .89 g83%.49
4,23 806 .90
4.44 847,468
4,84 8&b .31

G000 1603 .50 &3.77 49,4 D4 .4¢ ey 11.8¢ W0 23,42
A0 L0 16.0% T 0 &3.77 323.8 !4 1\ -0 12.4( -0 25,27
40 .0 16,03 5.50 63.77 296.9 i L0 13,70 200 27 .. 59%
CIVRY 14.03 5.50 b3.77 282.0 00 14.81 WO 29.01
40 .0 16.03 5.50 63,77 26%9.7 .00 1614 L0 30,34
40,0 15,70 5.39 62.48 273%.4 - .00 16.8¢ .00 49 .93
40,0 15.70 3.39 42,48 2A72.7 L P R ) 17,61 ey 30.00
45 .0 *i 70 5.3% 6F .48 279.3 &7 .61 -0 18.74 210 29 .29
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EFA 1.50

HRCC ENGINE

13:1CKR

STROKE

73.00

MONTH

16 7

ENGINE SFEED (REV/S)
BRAKE 1L.0aD

FUEL MASS ( GRAMS )
FUEL TIME ( SEC )
FUEL

NUMBER OF
CYLINDERS

TEMPERATURE ( C )

AIR METER TEMPERATURE ( C )

HYDROCAREONS ( FFMC
CAREON MONOXIDE ¢ %

)
)

OXIDES OF NITROGEN ( FFM )

CAREON DIOXIDE ( % )
OXYGEN ( % )
IGNITION TIMING
EXHAUST TEMPERATURE

INTAKE MANIFOLD PRESS. (mm.Hg)-337.50-322.50~-300.00~-270.00~225.00~

REFER TO FiGS. 17-19 & 35-37
MIXTURE LOOF AT &0REV/S 4. 0BMEF BAR
CYCLE BRAKE AlR METER FUEL H/CAREON CALORIFIC
TYFE CONSTANT CONSTANT 5.6G. RATIO VALUE

4. ?.0640 000000 - 7380 1.80 43960 .00

TEST BAROMETER WET BULE DRY EULE FPOWER FRICTION

NUMERER TEMFERATURE TEMFERATURE CORRECTION OFTION

8.00 766.30 17.50 25.00 0 i.

60.00 60.00 40.00 60.00 60.00 60.00
2.63 2.63 2.63 2.63 2.63 2.63
100.00 100.00 100.00 100,00 100.00 100.00
897.50 63.70 64.70 65.80 66.00 61.00
28.00 30.00 32.00 31.00 32.00 31.090
34.00 36.00 36.00 36.00 3I5.00 36.00
3000.0 2850.0 3300.0 2850.0 3300.0 6000.0
1.700 - 150 =100 - 100 -100 . 150
2500.0 4000.0 4000.0 2600.0 850.0 125.0
13.800 13.800 13.000 11.700 10.200 8.000
400 2.300 3.400 5.150 7.100 9.800
21.00 22.00 29.00 31.00 35.00 48.00
4630.0 648.0 626.0 600.0 575.0 528.0
127.50

Y //—/i M "
ANAVERANEP

e

TUREOCHARGED
QFTION
0

QUTFUT
OFTION
4
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STasuithoe .
EFA 1.5L HRCC ENGINE
1%:1CK REFER TO FIGS. 17-19 & 35-37
DATE 1&/ 7/82 TEST NO. 8.0 BEAROMETER 766.30 MM.HG WET BULE TEMFI(C) 17.5
DRY BULE TEMF(C) 25.0
RELATIVE HUMIDITY = 47.02
HUMIDITY CORRECTION FACTOR = .96
GRAINS OF WATER/LE DRY AIR = 64.33
: IF POWER = 0.0 RESULTS LISTED AS G/KUW-HR ARE ACTUALLY G/HR s
RESULTS IN (BRACKETS) ARE'CALCULQTED FROM AIR METER DATA
SFEED FOWER BMEF TORQUE FUEL VOLUMETRIC AIR FUEL B.T.E. H C NOX co caz2 HC + NOX
REV/S KW BAR N.M G/KW.HR EFFICIENCY (%) RATIO % G/KW.HR  G/KW.HR G/KW.HR G/KW.HR G/KW.HR
60.0 17.41 4.00 44,18 347.5 A45.9¢ -0) 13.8¢ -0 23.56 6.60 17 .55 75.76 966.33 24,15
60.9 17 .41 4.00 46.18 324.6 49 .3¢ -0 1%5.74¢ -0 25.23 6.50 29.11 6.93 1001.85 35 .61
60.0 17 .41 4,00 446.18 319.6 S51.2¢ .0) 16.6¢ .0 25.62 7.85 320.38 4.82 984.88 38.24
60.90 17.41 4,00 446.18 314.3 95.7¢ -0 18.3¢ «0) 26.06 7.41 21.38 5.27 268.58 28.99
60.0 17.41 4.00 46.18 313.3 62.4¢ -0) 20.6¢ -0) 26.14 9.73 8.00 S5.97 ?257.07 17.72

60.0 17.41 4.00 446.18 339.0 80.4¢ -0) 24.6¢ -0) 24.16 23.24 1.55 11.77 984.67 24.79



wADAERDY LUBL MEDD ENGINE
MINTURE LOQOF @ éwi)F:E\,»’..-fS: G, OFE R REFER TO FIGS. 17-19
(798,734, 1857 4cc) 13 1 OR 2400AMEHAFT
AR METER HACAREDON CHELORTFIC

CUNSTANT 3 G RATIO WALUE
2000000 « 7500 1.89 44000 .00

SYROKE NUMEER OF CYQLE
CYLINDERR TYRE
7950 7ELAN 4 4.

DAY MONTH YEAR TEST BEAROHMETER WET DRY BULE FOUER FRICTION QUTFUT
{ TEMMER TEMPERATURE . TI0M OFTION OF T LON
FET, A0 15,20 2L.70 1. 4

23

ot

o8}

Pl

. =
o
[
~d
f8

Iz

A \\ ‘}"

A0 .00
7T - g
190,00 150,00
L0072 101,60 102,94

ENGINE SFEED (REV/S) 40.00 60,00
2 OBRAKE 1.OAD 7.76  ?.76
3 FUEL BRAMS O 150.00 150.00
5 FUEL SEC ) 8&.44
¥ T 23,00 2H.00 2 25.00 25,00
8 ALR METER TEMPERATURE ( C ) 33,00 3T.LO0 3,00 IH.00  FH.00  BH,00  XE
12 HYDROUARBONS ¢ FEMC O 3540.0 2400.0 2100.0 2220.0 2040.0 2040.0 2190.0
13 CORBON MONOXIDE ¢ % O 3,980  L400 L2000 LI5S0  L100 L1000 L100
14 OXIDES OF NITROGEN ¢ FFM D 1650.0 3100.0 3200.0 2800.0 2200.0 1600.0 1000,0
1% CARBON DIOXIDE ( % ) 12,550 14,500 14,000 13.200 12.400 11.400 10,4600
16 GXYGEM (% LFO0 1.000 2,000 2.9E0 4.100 H.100  4.100
28 LGNITION TIMING 16,00 18.00 19,00 20,00 20.00 23,00
26 EXHAUST TEMFERATU 557.0 564.0 S82.0 H7Z.0 H69.0
LOINTAKE MANIFOLD FRESS. (nm.Hg) ~348.00-336,00-322,50-31%, 50288 .. 752




REFER TO FIGS. 17-19
RICARDO 1.35L HMRUC ENGIME

MUATURE L00F 8§ JGREVA/S 4.0RAR

DATE 23/ /8 TEST NO. 81.0 BARGMETER 765,40 MM, MG WET BULE TEMF(C) 15,2
DRY EULE TEMF(C) 21.7

RELATIVE HUMIDITY = 49,572

HUMIDITY CORRECTION FACTOR = .92

BRAINS OF WATER/LE DRY AIR = 55,48

1IF FOWE ARE ACTUALLY G/HR H

G0 oz HE + NOX

SHEELG FOWER EMEF TORGUE FUEL VOLUMETRIC AR FUEL BTl H G MO -
REWVSS W BAR M. M G/AKW . HR  EFFICIENCY (30 RAETIO % GAKUWHR G/7KWL HR GAKWLHRE G/KWLRR G/ HR

1 4% .,8( <) 12.814 <00 23.91 750 10.73 169 .54 Bad . 4%
1 45,94 200 14,74 -0 29,33 e 20.30 17.29 984,99 R 3
0 47 .21 «0) 15.6¢ w00 2%5.98 4,59 2L.46 3.86 R 26,00
-4 48 .32 .00 16,31 .00 26.70 Ga.01 19.49 6.84 Fa .03 24,41
8 S1.0¢ -0 17.4¢ 00 26.9% 4.88 16.14 4.85 43,78

27.26 .23 12.59 S.20 F30.64 17"’°
F3L.5% L4, 02

G0 0 17.%0 4.00 44,41 3
60,0 17.20 4,00 46 .41 3
AU LG 17,50 4,00 44041 Z
A
3

&0 17,50 4,00 46.41
&0 L0 17.50 4,00 45.41
60.L0 17.50 4.00 f4b. 41 300.1 q?.j( .0 18.5¢ 0D
60,0 17.50 4.00 44,41 301.4 57.2 oD 19.7¢ 20D 2704 b.05 8.47 3.59




EFA 1.5L HRCC VW ENGINE

1321 CR
BORE STROKE NUMEBER OF
CYLINDERS
79 .50 73.00 4
Day MONTH YEAR
16 8 82

1 ENGINE SFEED (REV/S)

2 BRAKE L.0AD

3 FUEL MASS ( GRAMS )

S FUEL TIME ( SEC )

6 FUEL TEMFERATURE ( C )

8 AIR METER TEMFERATURE ¢ C )
HYDROCAREONS ( FFMC )
CARBON MONOXIDE ¢ % )
OXIDES OF NITROGEN ( FPM )
CAREBON DIOXIDE ( % )

OXYGEN ¢ % )

IGNITION TIMING

EXHAUST TEMPERATURE

INTAKE MANIFOLD FRESS. (mm.Hg)

FULL LOAD FOWER CURVE

REFER TO FIGS. 20-22

CYCLE BRAKE AIR METER FUEL H/CAREBON CALORIFIC
TYPE CONSTANT CONSTANT 5.6. RATIO VALUE
4. ?.0640 000000 .8180 4.00 19940.00
TEST EAROMETER WET BULE DRY BULR FOWER FRICTION
NUMEBER TEMFPERATURE TEMFERATURE CORRECTION OFTION
?4.00 762.10 17.00 23.00 1 1.
20.00 30.00 40.00 5S50.00 60.00 70.00 80.00 90.00
5.29 6.10 6.56 6.65 6.50 6.42 6.15 5.55
150.00 200.00 250.00 250.00 2350.00 250.00 250.00 250.00
65.00 94,70 S52.96 38.20 32.60 28.00 25.40 23.20
22.00 22.00 22.00 23,00 25.00 23.00 23.00 25.00
26.00 26.00 26.00 25.00 30.00 31.00 34.00 35.00

-1710.0-2280.0-1680.0-1485.0-1410.0-4950.0-1890.0-1980.0

53.000 4.400 3.700

5.600
-1820.0-1890.0-1430.0 -840.90

5.640

5.700 S.400 S5.500

=780.0 -930.0-1000.0-1000.0

11.400 12,100 12.600 12.300 11.200 11.300 11.900 11.500
- 200 . 700 - 600 . 500 . 450 .450 =300 . 500
.00 12.00 15.00 18.00 20.00 23.00 24.00 25.00

3927.0 477.0 547.0 564.0 S91.0 620.0 639.0 4650.0
.00 .00 .00 -00 .00 .00 .00 .00

PP S

;o x
\/l'

TP ULTIN

'_/_1|,r: A
NOONLAC

Yo

TURBOCHARGED
OFTION
0

QUTFUT
OFTION
4



EFA 1.5L HRECC UW ENGINE REFER TO FIGS. 20-22

13:1 CR

DATE 16/ 8/82 TEST NO. 24.0 BEAROMETER 762.10 MM.HG WET BULE TEMF(C) 17.0
DRY EBULE TEMF(C) 23.0
RELATIVE HUMIDITY = 5
HUMIDITY CORRECTION FACTOR = 1.26
GRAINS OF WATER/LE DRY AIR = S5

: IF POMER = 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALLY G/HR :
RESULTS IN (BRACKETS) ARE CALCULATED FROM AR METER DATA
FOWERS CORRECTED TO DIN.70020
SFEED FOUER EBMEF TORQRUE FUEL VOLUMETRIC AlR FUEL B.T.E. HC NOX cao coz HC + NOX
REMV/S Kid BAR N.M G/KW.HR  EFFICIENCY{(¥) RATIO % G/HKW.HR  G/KUW.HRE  G/KW.HR  G/KM.HR  G/KW.HR
20.0 11.67 8.05 ?2.87 717.2 74.0¢ -0 5.5¢ .0} 25.17 4.78 13.73 188.67 675.88 18.51
30.0 20.34 ?.35 107.91 651.9 79.4¢ -0) S.6¢ -0 27 .69 S.77 12.91 149 .36 645.35 18.68
40.0 29.1¢4 10.06 116.04 587.0 79 .04 -0) S5.7¢ -0) 30.76 3.90 8.97 114.99 615.26 12.86
50.0 36.89 10.18 117.44 642.3 81.5¢ Q) S.4¢ -0) 28.11 3.48 S5.16 173.82 599.86 8.64
60.0 43.63 10.03 115.7% 641.6 79.4¢ .0 5.3¢ -0 28.14 3.45 5.80 185.91 580.08 ?.25
70.0 50.36 ?.93 114,51 648.3 77.94 -0) Sa.2¢ -0 27.85 11.84 7 .00 183.17 570.55 18.84
80.0 G95.41 ?.56 110.24 652.8 78.4¢ 0) S.3¢ -0 27 .66 4.69 8.62 172.80 601.62 13.30

90.0 S56.34 8.64 99.64 703.9 76.3¢ «0) S.3¢ -0) 25.6% S.26 ?.60 196.20 644.58 14.87
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20REV/8S 1.5BRAR

MIXTURE LOOF

BORE STROKE NUMEBER OF
CYLINDERS
792.50 73.00 4
DAY MONTH YEAR
14 9 82
1 ENGINE SFEED (REV/S)
2 ERAKE 1L0AD
3 FUEL MASS ( GRAMS )
5 FUEL TIME ( SEC )
6 FUEL TEMPERATURE ¢ C )
7 AIR METER READING
? AIR METER DEFRESSION (mm.Hg)
8 AIR METER TEMPERATURE ( C )
2 HYDROCAREBONS ( PFMC )

[
ol

CAREDN MONOXIDE ¢ % )
OXIDES OF NITROGEN ( FPM )
CAREON DIOXIDE ¢ % )
OXYGEN ¢ % )

IGNITION TIMING

EXHAUST TEMFERATURE

-
H

a

[y
o

-
o

EN&6OY

CYCLE

TEST

TYFE
4,

NUMEER
43,00

20.00

.98
50.00
70.80
26.00
12.50

.44

25.00

1.650

- 400

12.00

265.0

20.00

.98
50.00
76.460
26.00
13.70

.49

25.00

.170

15.00

262.0

BERAKE AIR METER
CONSTANT CONSTANT
9.0640 .000281
BAROMETER WET BULE
TEMFERATURE
768.50 18.00
20,00 20.00 20.00
.98 .78 .98
30.00 50.00 50.00
77.40 81.00 79.30
26.00 26.00 27.00
14.10 16.20 17.90
.91 =57 .61
25.00 25.00 25.00
160 .140 150
~95.0 -40.0
?.600
2.500 3.100 6.300 7.700
20.00 25.00 28.00
258.0 254.0 259.0

~-145.0 -300.0 -300.0
13.600 13.300 12.800 10.500

~1710.0-1620.0-1650.0-21090.0-2350.0

INTAKE MANIFOLD FRESS. (mm.Hg)-480.00-465.00-453.75-427.50-412.50

FUEL

-8180

DRY BULR
TEMFERATURE

REFER TO FIGS. 26-28

H/CARRON CALORIFIC
RATIO VALUE
4.00 19940.00
FOWER FRICTION
CORRECTION OFTION
0 1.

TURROCHARGED



- [ =] )
20REV/S 1.5BAR REFER TO FIGS. 26-28

MIXTURE LOOF

DATE 14/ 9/82 TEST NO. 43.0 BAROMETER 768.350 MM.HG WET BULE TEMF(C)Y 18.0
DRY BULE TEMF(C) 22.5

RELATIVE HUMIDITY =
HUMIDITY CORRECTION FACTOR = -24

GRAINS OF WATER/LE DRY AIR 739.86
: IF POUER = 0.0 RESULTS LISTED AS G/KUW-HR ARE ACTUALLY G/HR 3
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA

SFEED FOWER BMEF TORQUE FUEL VOLUMETRIC AIR FUEL B.T.E. H € NOX ca co2 HC + NOX
REV/S Ku EAR N.M G/KW.HR EFFICIENCY(X) RATIO i G/KW.HR  G/KW.HR G/KW.HR G/7KW.HR G/KW.HR
20.0 2.14 1.49% 17.21 1175.7 25.0¢ 23.9) 6.10C 5.9 15.36 8.44 1.83 109.65 1420.10 10.27
20.0 2.1¢6 1.49 17.21 1086.7 26.9¢ 26.2) 7.2¢ 7.0) 16.61 8.19 3.98 11.81 14%52.19 12.17
20.0 2.16 1.4% 17.21 1075.5 27.4¢ 27.0) 7.40 7.2) 16.79 8.51 4.07 11.43  1436.49 12.58
20.0 2.16 1.49 17.21 1027.7 31.3¢ 31.0) 8.8( 8.7) 17.97 12.05 1.47 11.85 1340.92 13.51

1377.11 16.463

20.0 2.16 1.49 17.21 1049.7 24.8( 3.9 P.6( 9.2} 17.20 15.95 .68 13.69



40REV/S 2 .SEAR

MIXTURE LOOF
EN6OY REFER TO FIGS. 29-31
EORE STROKE NUMEER OF CYCLE ERAKE AIR METER FUEL H/CAREON CALORIFIC
CYLINDERS TYFE CONSTANT CONSTANT 5.6. RATIO VaLUE
79.50 73.00 4 4. 7.0640 000281 .8180 4.00 19940.00
A
DaY MONTH YEAR TEST BAROMETER WET BULR DRY BULE FOWER FRICTION
NUMEER TEMFERATURE TEMFERATURE CORRECTION OFTION
8 ? 82 38.00 7467 .80 17.350 21.20 0 1.

1 ENGINE SFEED (REV/3) 40.00 40.00 40.00 40.00 40.00 40.00

2 BRAKE LOAD 1.64 1.64 1.64 1.64 1.64 1.64

3 FUEL MASS ( GRAMS ) 100.00 100.00 100.00 100.00 1006.00 100.00

S FUEL TIME ( SEC ) 54.40 $9.60 60.20 61.30 62.60 61.20

6 FUEL TEMFERATURE ( C ) 26.00 26.00 26.00 26.00 26.00 26.00

7 AIR METER READING 34,00 36.00 37.20 40.30 44.10 53.60

? AIR METER DEFRESSION {(mm.Hg) 1.20 1.27 1.32 1.46 1.58 1.93

8 AIR METER TEMFERATURE ¢ C ) 24.00 24,00 25.00 23.00 25.00 24.00

12 HYDROCAREBONS ( FFMC ) -1200.0 ~-700.0-10%50.0-1380.0-1800.0~-3300.0
13 CAREON MONQXIDE ( % ) 1.600 .140 =140 -130 .120 .190

14 OXIDES OF NITROGEN ( PFH ) ~-530.0 -730.0 -780.0 -370.0 -135.0 -18.9

15 CAREON DIOXIDE ( % ) 13.800 13.400 12.700 11.300 10.100 7.800

16 OXYGEN ( %X ) 2350 2,000 3.100 S.000 7.100 9.900
28 IGNITION TIMING 17.00 21.00 23.00 25.00 30.00 39.00
26 EXHAUST TEMPERATURE 438.0 442.0 437.0 422.0 413.0 393.0

11 INTAKE MANIFOLD PRESS.(mm.Hg)-435.00-420.00-412.50-393.75-363.75-300.00

A

\,g_ RN S N

~yren

CGiIgyU_ ('GE

TUREOCHARGED
OPTION
]

QUTFUT
OFTION
4



4ADREV/S 2.5BAK REFER TO FI1GS. 29-31

MIXTURE LOQF

DATE 8/ 9/82 TEST NO. 38.0 BAROMETER 767.80 MM.HG WET BULEB TEMP(C) 17.5
DRY EBULE TEMF(C) 21.2

RELATIVE HUMIDITY =

HUMIDITY CORRECTION FACTOR = 95

GRAINS OF WATER/LE DRY AIR 75.54
: IF POWER = 0.0 RESULTS LISTED AS G/KW~HR ARE ACTUALLY G/HR :
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA
SFEED FOWER BMEF TORQUE FUEL VOLUMETRIC AIR FUEL BE.T.E. H C NOX ca coz HC + NOX
REV/S KW EAR N.M G/KW.HR EFFICIENCY (%) RATIO % G/KW.HR G/7KW.HR G/KW.HR G/KW.HR G/KW.HR
40.0 7.24 2.50 28.80 ?14.4 32.5¢ 32.46) 6.2C 6.2 19.75 4.39 S5.12 82.25 1114.59 9.72
40.0 7 .24 2.50 28.80 834.6 33.9¢( 34.5) 7.00 7.2) 21.63 3.951 7.35 7.48 1125.43 10.85
40.90 7.24 2.50 28.890 8246.3 38.6( 35.5) 7.4¢ 7.4) 21.85 4,22 8.28 7.80 1111.346 12.49
40.0 7.24 2.50 28.80 811.4 38.7( 38.5) 8.2¢ 8.2) 22.25 S.95 4.26 7.93 1086.19 10.21
40.90 724 2.50 28.890 794.6 42.7¢ 42.1) ?.3¢ 9.1} 22.72 8.28 1.68 7.99 1056.59 ?.926

40.0 7.24 2.50 28.80 812.8 52.9( 51.3) 11.3¢ 10.9) 22.21 18.63 .28 16.13 1040.39 18.90



E

7

AQREV/S G.5EBAR

MIXTURE LOOF
ORE STROKE NUMEER QF
CYLINDERS
7.50 732.00 4
DAY MONTH YEAR
10 E4 a2
ENGIME SFEED (REV/5)
BRAKE LOAD
FUEL HMASS ( GRAMS )
FUEL TIME ( SEC )
FUEL TEMFERATURE ( C )
AIR METER READING
AIR METER DEFRESSION {(mm.Hg)
AIR METER TEMFERATURE ¢ C )

HYDROCAREONS ( FFMC )
CARBON MONOXIDE ( %X )
OXIDES OF MITROGEN ( FFM )
CAREON DIOXIDE ¢ % )
OXYGEN ( % )

IGNITION TIMING

EXHAUST TEMPERATURE

INTAKE MANIFOLD PRESS. (mm.Hg)~-270.00-247.50~-232.50-198.75-157.50

REFER TO FIGS. 32-3h

ENGOY
CYCLE BRAKE AIR METER FUEL H/CAREON CALORIFIC
TYFE CONSTANT CONSTANT 5.6. RATIO VALUE
4., ?.0640 -000281 .8180 4.00 19940.00
TEST BARDOMETER WET BULE DRY BULE FOWER FRICTION
NUMEER TEMFERATURE TEMPERATURE CORRECTION OFTION
40.00 767 .30 20.20 24.80 0 1.
40.00 40.00 40.00 40.00 40.00 40.00
3.60 3.60 3.60 3.60 3.460 3.60
150.00 130.00 150.00 150.00 150.00 150.00
53.68 56.70 57.80 599.40 40.40 59.990
26.00 26.00 26.00 28.00 28.00 28.00
535.00 57.70 60.40 65.50 71.00 81.90
1.97 2.08 2.19 2.37 2.57 2.99
29.00 28.00 28.00 28.00 27.00 27.00
~1020.0 -%00.0 ~990.0-1275.0-1560.0-2190.0
1.500 - 200 -100 110 .110 -130
-820.0-1220.0-1150.0 -780.0 -290.0 -78.0
13.900 13,600 12,800 11.400 9.700 8.400
L4000  1.900 3.200 S5.000 4.900 9.000
17.00 22.00 24.00 27.00 2Z9.00 34.00
508.0 S09.0 4%946.0 A77.0 462.0 440.0
-82.50

TUREBOCHARGED
OFPTION

0

QUTPUT
QFTION
4




A0REV/S 5.5EAR

DATE 10/ 9/82 TEST NO.
RELATIVE HUMIDITY =
HUMIDITY CORRECTION FACTOR =
GRAINS OF WATER/LE DRY AIR =

: IF FOUWE
RESULT
SFEED FOWER EMEF TORRUE
REV/S KW BAR N.M
40.0 15.89 S5.48 63.21
40.0 15.89 S.48 63.21
40.0 15.89 S.48 63.21
40.0 15.89 S.48 63.21
40.0 15.89 5.48 63.21
40.0 15.89 5.48 63.21

40.

AT
:«\\5 \AIJ\QL

AN JDF T NE

REFER TO FIGS. 32-3h

MIXTURE LOOF

0 BAROMETER 767.30 MM.HG WET BULE TEMR(C) 20.2

DRY BULE TEMF{(C) 24.8
65.61
97
8%9.09
= 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALLY G/HR =
CERs IR R RE IR EERERANIERNAROIAARSAEEIINRAIRNRENSELRISEERS
IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA
FUEL VOLUMETRIC AIR FUEL E.T.E. HC NOX cCo coz2 HC + NOX
G/KW.HR EFFICIENCY (%) RATIO % G/KW.HR G/KW.HR G/KUW.HR G/KW.HR G/KUW.HR
633.2 50.7( 51.9) 6.2C 6.4 28.391 2.71 5.92 53.48 778.61 8.463
599.5 S53.8( S4.6) 7.0 7.1) 30.12 2.48 ?.06 7 .54 805.09 11.?4
588.1 56.5¢ 57.2) 7.5 7.6) 30.70 2.82 8.90 3.95 794.11 11.72
572.2 60.6¢ &62.0) 8.2¢( 8.4) 31.55 3.84 6.49 4.72 768.29 10.35
S62.7 67.3( 67.3) 9.3( 9.3) 32.08 S5.27 2.69 S.42 750.31 7.96
S567.4 77.8¢ 77.6) 10.7¢ 10.7) 31.82 8.31 .82 7 .34 745 .41 ?.13



60REV/S 4 .0BAR

MIXTURE LOOF

BORE STROKE NUMEBER OF
CYLINDERS
79.50 73.00
DAY MONTH
13 9
1 ENGINE SFEED {(REV/S)
2 BRAKE L0OAD
3 FUEL MASS ( GRAMS )
S FUEL TIME ¢ SEC )
6 FUEL TEMFERATURE ( C )
7 AIR METER READING
? AIR METER DEPRESSION (mm.Hg)
8 AIR METER TEMFERATURE ( C )

2 HYDROCAREBONS ( FFMC )
13 CAREBON MONOXIDE ( % )

S CAREON DIOXIDE ¢ % )
16 OXYGEN ¢ % )

28 IGNITION TIMING

& EXHAUST TEMFERATURE

OXIDES OF NITROGEN ( PPM )

BN&OY

CYCLE
TYFE
4.

TEST
NUMEER
42.00

&60.00 60.00
2.63 2.63
200.00 200.00
58.20 61.30
24.00 23.00
61.00 70.50
2.24 2.41
24.00 24.00
-990.0 -870.0
1.100 2135
-850.0-1150.0
13.900 13.400
«400 2.200
18.00 23.00

563.0 555.0

BRAKE AIR METER FUEL
CONSTANT CONSTANT §5.6.
?.0640 .000281 -8180
EAROMETER WET BULER DRY BULE
TEMFERATURE TEMFERATURE
770.90 192.50 26.00
60.00 60.00 &60.00 60.00
2.463 2.63 2.63 2.63
200.00 200.00 200.00 200.00
61.70 62.70 63.90 62.20
24.00 26,00 24.00 26.00
73.30 80.00 87.00 10%3.00
2.53 2.77 3.02 3.77
24,00 25.00 25.00 25.00
~290.0-1290.0-1710.0-2700.0
=130 -130 -120 -170
~-1050.0 ~660.0 -220.0 -30.0
12,700 11.500 10.300 8.600
3.150 S.000 4.900 9.300
25.00 29.00 31.00 37.00
545.0 524.0 500.0 471.0

INTAKE MANIFOLD PRESS.(mm.Hg)~-363.75-337.50-330.00-303.75~-270.00-193.00

REFER TO FIGS. 35-37

H/CARBON CALORIFIC
RATIO VALUE
4.00 19940.00
FOWER FRICTION
CORRECTION OFTION
0 i.

TUREBOCHARGED
OFTION

0

QuUTPUT
OFTION
4




1 ~ -
60REV/S 4.0EAR REFER TO FiGS. 35-37
MIXTURE LOOF
DATE 13/ 9/82 TEST NO. 42.0 BAROMETER 770.90 MM.HG WET BULE TEMF(C) 19.5
DRY EULE TEMF(C) 26.0
RELATIVE HUMIDITY = 354,20
HUMIDITY CORRECTION FACTOR = =26
GRAINS OF WATER/LE DRY AIR = 78.44
r IF POWER = 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALLY G/HR @
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR METER DATA
SFEED FOWER EMEF TORQUE FUEL VOLUMETRIC AIR FUEL BE.T.E. HC NOX cao coz HC + NOX
REV/S K EAR N.M G/KW.HR EFFICIENCY (%) RATIO “ G/KW.HR G/KW.HR G/KW.HR G/KW.HR G/KW.HR
60.0 17.41 4.00 446.18 710.6 41.3( 38.9) 6.3C 5.9 25.41 3.02 6.44 45.19 897.15 9.4%
60.0 17.41 4.00 46.18 674.7 44 .2( 44.9) 7.1¢ 7.2) 26.76 2.74 9.32 5.84 910.346 12.06
60.0 17.41 4.00 446.18 &70.3 A46.1¢ 486.7) 7.9¢ 7.8) 26.94 3.23 8.87 .88 702.94 12.10
60.0 17.41 4.00 46.18 659.6 S50.1¢ 50.8) 8.2( 8.3) 27 .37 4.44 6.09 6.36 884.11 10.55
60.90 17.41 4.00 446.18 651.3 55.1( 55.3) F.10 2.2) 27.72 6.35 2.20 6.43 867.40 8.596
12.00

60.0 17.41 4.00 456.18 664.9 65.6¢ 66.6) 10.7¢ 10.8) 27.15 11.64 - 33 i0.88 864.61



MIXTURE DISTRIBUTION CHECKS ~- REFER TO FiG. 38

FULL LOAD

SPEED co (2)

(rev/s) CYL.1 CYL.2 “CYL.3
20 9.4 0.3 0.k
40 4.0 1.2 2.2
60 4.4 3.3 3.4
80 3.0 5.0 5.3
PART LOAD

Rev/s/bar 0,(%)
20/1.5 6.8 7.1 7.8
40/2.5 7.0 7.0 7.0
Lo/5.5 6.7 6.8 7.7

60/4.0 6.3 7.25 7.8



DI0LIDE O % ) 7,100 9.500

N TIMING 24.00 23,00
TEMFERATURE 264,0 I8Y.
MANIFOLD FRESS. (mm.Hg) ~393, 75821, 5y

BN&OY

YL
TYRE
A

ATR MET!
CONETH
QG022

n

i)
w
b

V75 S20LG0 0 Z6.00 0 20,00 20,060

3,460
0L 000 L0
39,

GREME ) 50,00
SEC O 79,40

] P oeh)

SATURE (03 27.00 : 26,00 24,00
EAD TNG 1E.00 23,00 B7.460  37.30
SHION (mm.Hg) Nl T 1.47 5,47

2H.00
LPEE L2 Jr.{\
110 .0 40
1RO ~ER LG

u s QSR

TLWIhR#T”lr CCoG 24,906 25.00
{OFRMC Y ~3&00 ., 02700 .04
IDE O % 9 L1580 - 130
NITRIGEN ( PFM D “26. ~45.0

[

D500
7 a L Q00
20. 0 v AR .L00
343.0  EVOL0

) 8.000 &BaH0D

G,

u*’)

£055HUW

=7 2420 .. 00-341

REFER TO FIGS. 39-43.

/A CAREON Cal.ORLF
R&ETIO Uil bk
4,00 1HF40.00

4 {‘-, 00
S0

A, .
106G, 0, G0

ke 35,40
2%.00 25,00 24,00
75.1.0 54.70 113,00

Sler nier  3.67  a.oa
27,00 30.00 29.00 F:.00

A,

1740002280 . 02040 ., 01480, 0

L 100 . 120 Rl L LO0
9uu ~55.0 “10& 0o la%. 0
7206 SEE0 9.700
2.000 cuOGO ?.400
25.00 Fl.00  27.00
446 .0 a7P.0  LO9.0

AT ..0(')—- 142.50-33%., F“--—”l”:- «00-135.,00

5,;

1

L B00
w0
W00
TS

=000




- REFER TO FIGS. 39-43

DATE 24/ @/22 TEST NG. 29.0

FHL L0 MMLIHG WET BULE TEMROD) U
DRY SULE TEMPICY 23.0

RELATIVE HUMIDITY
AUMIDTTY CORRECTION FACTOR
GRAING OF WATER/LE DRY &R

TORGLE
Mo M

mLTLE, W N oo
¥ AW PR GAKWLHE GoKE LR

Z.14 1.4% 17.41 LOA4% .7 34,50 .00 F.00 néj 13_ gé.?ﬁ
F.6E 2.59 22,80 787 .0 43,90 700 7067 .08 1? lfui:
5.80 4. 00 446.18 6H34.3 7.9 R B0 : ke f”
7.94 .48 63,21 570.1 71.6) 7 1.%2
4,52 1.4% 17.21 IN&sG.4 30.5) =3 W&
7.24 2.50 28.80 773.0 44.0) P b ? . ?
11.AL 4,00 44,18 L33 .0 58,40 L9, u§§ é,f?
L5085 .88 43,21 S56% .1 FL.A Q0 2.3 W7 G.20
&0. 0 10.86 2,00 Z8.80 817. 47 .4 g{ 7.8 uBE Q.?4
40,0 17.41 4.00 44,18 &5 [V gl 7.9 1n1{ ﬁ.dB
GO0 23,83 G.48 &3.21 57 70,483 &0 2040 }"ﬁd fHOA
G0 L0 A0 .45 7 .00 an.?7 24,3 75.10) 30 8.3 7277 3,36



20REV/S

MAF
EORE STROKE NUMEER OF
CYLINDERS
79.50 73.00 4
DAY MONTH YEAR
21 10 82

1 ENGINE SFEED (REV/S)

2 BRAKE 104D

3 FUEL MASS ( GRAMS )

S FUEL TIME ¢ SEC )

6 FUEL TEMFERATURE ¢ C )

8 AIR METER TEMFERATURE ( C )
12 HYDROCARRONS ( FFPMC )

13 CARBON MONOXIDE ¢ % )

14 OQXIDES OF NITROGEN ( PFM )
15 CARBON DIOXIDE C % )

16 OXYGEN ¢ % )

IGNITION TIMING

EXHAUST TEMPERATURE

11 INTAKE MANIFOLD FRESS.(mm.Hg)-427.50-341.25-240,00-127.50

EN&OY
CYCLE BRAKE AIR METER
TYFE CONSTANT CONSTANT
4. 9.0640 000000
TEST BAROMETER WET EBULE
NUMEER TEMFERATURE
58.00 7%7.70 17.00
20.00 20.00 20.00 20.00 20.00
.98 1.64 2.63 3.60 4.60
S50.00 S©0.00 50.00 S0.00 50.00
79.60 62.20 46.80 38.00 31.490
22.00 21,00 23.00 20.00 23.00
23.00 22.00 23.00 23.00 23.00
~2160.0-1890.0-14695.0-1410.0-1080.0
<139 -120 .110 100 . 085
-130.0 -250.0 -450.0 -720.0-1150.0
11.500 11.000 11.200 11.300 12.800
5.100 5.100 4.900 4.900 2.700
24,00 21.00 17.00 135.00 11.00
255.0 284.0 327.0 358.0 404.0
=60.00

FUEL
5.G.
.8180

DRY BULE
TEMFERATURE
21.00

REFER TO FIGS. 47-51.

H/CAREBON
R&OTIO
4.00

FOUWER
CORRECTION
0

CALORIFIC
VALUE
19940.00

FRICTION
OFTION
i.

TURBOCHARGED

OFTION
0
QUTEUT
QFTI1O0N
4



20REV/S
REFER TO FIGS. 47-51.
MAF

DATE 21/10/82 TEST NO. S8.0 BAROMETER 7357.70 MM.HG WET BULE TEMF(C) 17.0
DRY BULE TEMF(C) 21.0

RELATIVE HUMIDITY = &7.09
HUMIDITY CORRECTION FACTOR = .89
GRAINS OF WATER/LE DRY AlR = 73.04
: IF POWER = 0.0 RESULTS LISTED A5 G/KW-HRE ARE ACTUALLY G/HR =

RESULTS IN (BRACKETS) ARE CALCULATED FROM alR METER DATA

SFEED FOWER BMEF TORQUE FUEL VOLUMETRIC AR FUEL B.T.E. H C NOX cao coz HC + NOX
REV/S KW BAR N.M GAKW.HR  EFFICIENCY () RATIO % G/KW.HR  G/KW.HR  G/KW.HR  G/KW.HE  G/KUW.HR
20.90 2.16 1.49 17.21 104%.7 29.81¢ .02 8.2¢ -0 17.26 11.74 1.84 .7 138%.05 13.58
20.0 3.62 2.50 28.80 79%9.7 38.5¢ -0 8.3¢ .00 22.58 8.16 2.78 7.3%9 10464.86 10.94
20.90 5.80 4.09 446.18 662.8 50.8¢ .02 8.2¢ .00 27.24 6.00 4.15 9.54 885.%96 10.14
20.0 7.74 S.48 63.21 096.3 62.6( .00 8.2¢ -0 30.28 4.47 S.95 4.51 800.04 10.43
20.0 10.15 7.00 80.77 S564.8 68.1¢ . 0) 7 .41 -0 31.97 2.96 86.07 3.22 762.88 11.02



EORE

40REV/S

MAaF

STROKE

73.00

MONTH

20 10

ENGINE SFEED
BRAKE L.0AD
FUEL MASS ( GRAMS )
FUEL TIME ( SEC )

FUEL TEMFERATURE ( C )
AIR METER TEMFERATURE (
HYDROCARRBONS ( PFMC )
CAREON MONOXIDE ¢ Z

(REV/S)

OXIDES OF NITROGEN ( FFM )

CAREON DIOXIDE ( % )
OXYGEN ¢ X% )
IGNITION TIMING
EXHAUST TEMFERATURE

NUMBRER OF
CYLINDERS

ENGOY

CYCLE
TYFE
4.

TEST
NUMEBER
56.00

40.00
.98
100.00
80.30
21.00
23.00

40,00
1.64
100.00
62.30
22.00
24.00

-130 - 120

BRAKE AIR METER
CONSTANT CONSTANT
9.0640 000000
BAROMETER WET EULE
TEMFERATURE
763.7Q 17.00

40,00 40.00
2.63 3.60
100.00 100.00

48.80 40.090
21,00 21.00
25.00 25.00

-14620.0-1410.0-1200.0~-1020.0

110 100

49 .00
4,69
100.00
33.00
20.00
26.00
-870.0
0990

-2230.0 -300.0 ~540.0 -780.0-1000.0

11.500 11.300

4.900 5.000
30.00 25.00
387.0 413.0

11.100 11.400

5.000 5.000
24.00 23.00
448.0 A72.0

INTAKE MANIFOLD FPRESS.{mm.Hg)-450.00-370.00-285.00-191.25

11.500
4.800
23.00
498.0

-97 .30

FUEL
5.06.
.8180

DRY BULR
TEMFERATURE
21.00

REFER TO FIGS. 47-51.

H/CAREQON CALORIFIC
RATIO VAL UE
4.00 199240.00
FOWER FRICTION
CORRECTION OFTION
v 1.

TURBROCHARGED
QFTION |
0

QUTRFUT
OFTION
4



AQREV/G

MAF
DATE 20/10/82 TEST NO. 56.0 EAROMETER
RELATIVE HUMIDITY = 67.00
HUMIDITY CORRECTION FACTOR = .95
GRAINS OF WATER/LE DRY AIR = 72.36

................................................

RESUL.TS

IN (BRACKETS)

SFEED FOMER BMEF TORQAUE FUEL VOLUME
REV/S K BaR MM G/KW.HR  EFFICE
40.0 4.32 1.49 17.21 1036.6 29.2¢
40 .90 7.24 2.50 28.80 798.4 x8.2¢
40.0 11.61 4.00 46.18 635.6 49 .2¢
49.0 15.89 5.48 63.21 566.5 59.8¢
40,0 20.30 7.00 80.77 537.4 72,14

--------------

763.70 MM.HG

ARE CALCULATED

nnnnnnnnnnn

WET BULE TEMF(C)
DRY BULE TEMF(C)

TRIC AlR FUEL
ENCY (%) RATIO
-0 g.1¢ -0
L0 a.2¢ .0
.0 8.3¢ . Q)
-0 8.3¢ .0)
.0) IR .0)

METER

E.T
%

17.42
22.61
28.40
31.87
3%.460

E.

---------------------

FROM ALR

REFER TO FIGS. 47-51.
17.0
21.0

DATA
H C NOX cCo caz

G/KW.HRE  G/KW.HR  G/KW.HK  G/KUW.HR

8.78 3.10 7.96 1384.70
5.78 3.37 7.23 1069.34
4,12 4.99 5.38 833.61
3.07 6.30 4.26 763.32
2.47 7.74 3.62 725.97

HC + MNOX
G/ . HR

11.88
?.3%
?.11
9,37

10.21



40REV/S

BORE

79.50

DAY

ENGINE

ooy -

Map

STROKE

73.00

MONTH

10

SFEED (REV/S)
BRAKE LLOAD
FUEL MASS ( GRAMS )
FUEL TIME
FUEL TEWMFERATURE ( C )

ATR METER TEMPERATURE ( C )
12 HYDROCAREBONS { FFMC )

13 CAREON MONOXIDE ( X%

¢ SEC )

NUMEER OF
CYLINDERS

)

14 OXIDES OF NITROGEN ( FFM )
15 CAREON DIOXIDE (

16 OXYGEN (

%)

28 IGNITION TIMING

26 EXHAUST TEMPERATURE
11 INTAKE MANIFOLD FRESS.(mm.Hg)-386.25-285.00-202.50

EN&QY

CYCLE
TYPE
4.

TEST
NUMBER

57.

60.00
1.64
150.090
61.00
18.00
22.00

-120

~530.0

11.300
S5.000
32.00
488.0

00

60.00

2.63
150.00
47 .40
21.090
22.00

=-1410.0-1260.90

L1115
~620.0
11.200
5.100
26.00

515.0

ERAKE AIR METER
CONSTANT CONSTANT
?.0640 -000000
BAROMETER WET BULE
TEMPERATURE
7%59.50 17.50
60.00  60.00
3.60 4.60
150.00 150.00
39.40 33.10
17.00 146.00
20.00 20.00
~840.0 -630.0
. 100 - 090
~-690.0 -870.0
11.300 11.300
5.000 4.900
21.00 17.00
S40.0 G70.0
-86.250

FUEL
§.6.
.8180

DRY BULE

TEMFERATURE

22.00

REFER TO FIGS.

H/CARBON
RATIO
4.00

FOWER
CORRECTION
0

47-51.

CALORIFIC

VALUE
19940.00

FRICTION
OFTION
1.

TUREBQCHARGED
OFPTION
0

OUTFUT
OFTION
4



DATE

21/710/82

RELATIVE HUMIDITY
HUMIDITY CORRECTION FACTOR
GRAINS OF WATER/LE DRY &IR

SFEED
REWV/S

60.90
60.0
60.0
60.0

FOWER
MW

10.86
17.41
23.83

30.45

HOREV/S
M
TEST NO. 57.0 BAROMETER
= 64.16
= .87
= 74,10

2.90
4.00
5.48
7.00

RESULTS IN

TORQUE

M.M

28.80
44.18
63.21
80.77

FUEL VOLUMETRIC
G/KW.HR  EFFICIENCY (%)
815.4 38.9¢ .0)
654,04 S0.5¢ -0)
57%9.1 60.2¢ Q)
53%5.8 71.6¢ .0)

----------------

({BRACKETS) ARE CALCULATED FROM AIR METER

709.50 MM.HG

REFER TO FIGS. 47-51.

WET BULE TEMF

DRY BULE TEMF

as
ap
.
L]
"
2
s
5
0
a
a
a
"
.
a
.
n
a
3
13
a
1]
a
a
a
1
13

AIR FUEL
KATIO
8.3¢ .0)
8.3¢ .0)
8.3¢ -0
8.3¢ -0

BE.T.E.
%

22.14
27.59
31.39
33.70

(C) 17.95
(C) 22.0

........

DATA

H C

G/KW . HR

6.11
4,42
2.5%

1.81

NQOX

G/KW. HR

5.89
5.59
5.30
6.25

co coz2
G/KW.HR G/KW.HRK

7.38 1092.13
S.74 878.03
4.59 775.98
3.68 725.45

HC + NOX
G/KW . HR

12.00
10.01
7 .89
3.06



40REV/S 2.3EBAR

REFER TO FIG.53.

EGR LOOF
BNGOY
EORE STROKE NUMBER CYCLE ERAKE AR METER FUEL H/CAREON  CALORIFIC  TUREOCHARGED
CYLINDERS TYFE CONSTANT CONSTANT 8.G. RATIO VALUE OFTI10N
7% .50 73.00 ' 7.0640 .000281 .8180 4.00 19940.00 0
DAY MONTH TEST BEAROMETER WET EULE DRY EULE FOWER FRICTION OUTFUT
NUMEER TEMFERATURE TEMFERATURE CORRECTION OFT10N OFTI10M
19 10 55.00 765.90 15.60 21.70 0 1. 4
1 ENGINE SFEED (REV/S) 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
2 BRAKE LOAD 1.64  1.64 1.64 1.64 1.64 1.64 1.64 1.64
3 FUEL MASS ( GRAMS ) 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
5 FUEL TIME ( SEC ) 61.70 62.90 63.40 63.30 60.30 61.50 61.00 61.00
6 FUEL TEMFERATURE ( C ) 21,00 21.00 22.00 22.00 22,00 22,00 22.00 21.00
7 AIR METER READING 39.00 38.50 38.70 39.00 36.00 35.70 35.20 3I4.70
% AIR METER DEFRESSION C(mm.Hg) 1.40  1.40  1.40  1.40  1.28  1.25  1.27  1.27
8 AIR METER TEMFERATURE ¢ C ) 20.00 21.00 20.00 20.00 21.00 21.00 21.00 21.00
12 HYDROCAREONS ¢ FFMC ) ~1500.0-1695.0-1830.0-1920.0-1050.0-1290.0-1350.0-1440.0
13 CAREON MONOXIDE ¢ % ) L1500 L1100 L1100 L1315 L1250 L1200 L1155 L1120
14 OXI1DES OF NITROGEN ¢ FFM ) ~290.0 ~135.0 -62.0 -58.0 ~660.0 -320.0 -160.0 -160.0

15 CAREON DIOXIDE ¢ % ) 11,400 11.300 11.000 11.000 12.800 12.800 12.900 13.200

16 OXYGEN ¢ % ) S.000 5,100 5.300 S.400 2.900 2.900 2.900 2.800
28 IGNITIOM TIMING 25.00 28.00 28.00 30.00 22.00 25.00 26.00 28.00
26 EXHAUST TEMFERATURE 415.0 409.0 406.0 405.0 423%7.0 422.0 421.0 418.0
11 INTAKE MANIFOLD PRESS.(mm.Hg)-390.00-3467.50~-345.00~337.50~408.75-390.00-371.25-371.25
CO, INLET (NO EGR) .06 .06 .05 .06 .05 .06 .05 .05
CO, INLET (WITH EGR) .06 .50 .94 1.00 .05 .62 1.20 1.30



40REV/S 2.9BAR REFER TO FIG.53.

EGR L.OOF
DATE 19/10/82 TEST NO. 5.0 EAROMETER 765.90 MM.HG WET BULE TEMF(C) 159.6
PRY BULE TEMP(C) 21.7

RELATIVE HUMIDITY = 52.29

HUMIDITY CORRECTION FACTOR = -89

GRAINS OF WATER/LE DRY AIR = 58,58

+ IF POWER = 0.0 RESUILTS LISTED AS G/KW-HR ARE ACTUALLY G/HR =
RESULTS IN (EBRACKETS) ARE CALCULATED FROM AIR METER DATA

SFEED FOWER EMEF TORQUE FUEL VOLUMETRIC ATR FUEL HaT B HC NOX co caz HC + NOX
REV/G Kl BAR N.M G/7KW.HR  EFFICIENCY () RATIO % B/KW. HR  G/ZKW.HR  G/KW.HR  G/KW.HR  G/KW.HR
40.0 7.24 2.50 28.80 806.2 37.8C 37.7) 8.2¢ 8.2 22.39 6.38 3.14 6.93 1079.3%9 9.52
40.90 7 .24 2.50 28.80 790.8 37.4¢( 37.1) 8.3¢C 8.2) 22.83 7.10 1.46 6.505 10046.86 8.57
40.90 7.24 2.950 28.890 784.6 37.5¢ 37.4) 8.4( 8.4) 23.01 7.76 67 .66 1046.31 8.43
40.0 7.24 2.50 28.80 785.8 37.7¢ 37.7) 8.4( 8.4) 22.98 8.15 -63 6.96 10446.47 8.78
40.0 7.24 2.50 28.80 824.9 34.8( 34.7) 7.40 7.3 21.89 4.19 671 6.91 1111.16 10.89
40.0 7.24 2.50 28.80 808.8 34.0¢( 24.5) 7.30C 7.4) 22.32 5.03 3.19 6.4%9 1087.38 8.22
40.0 7.24 2.950 28.80 815.4 34.3( 34.0) 7.30 7.3 22.14 5.28 1.59 6.22 1096.24 6.87

40.90 7.24 2.50 28.80 815.4 34.0¢( 33.%) 7.30 7.2) 22.14 5.52 1.56 6.34 1095.38 7.08



MAF AUTO IGN FUEL EGR REFER TO FI1GS. 54, 56-62.

EN&OY
EORE STROKE NUMEER OF CYCLE BRAKE ATR METER FUEL H/CAREON  CALORIFIC  TUREOCHARGED
CYLINDERS TYFE CONSTANT CONSTANT 8.6. RATIO VALLUE OFTION
79.50 73.00 4 4, 9.0440 .000000 .8180 4.00 19940.00 0
DAY MONTH YEAR TEST EAROMETER WET BULE DRY BULE FOWER FRICTION QUTFUT
NUMEER TEMFERATURE TEMFERATURE CORRECTION OFTI0N OFTION
25 11 g2 77.00 7%6.70 13.50 19.00 0 1. 4
1 ENGINE SFEED (REUV/S) 40.00 40,00 40.00 40.00 40.00 40.00 &60.00 60.00 60.00 80.00 B80.00
2 BRAKE 1.0AD .98 1.64  2.463 3.40 4.40  1.64 2,63  3.60  4.60 2.63  3.60
3 FUEL HASS ( GRAMS ) 100.00 100.00 100.00 100.00 100.00 150.00 150.00 150.00 150.00 200.00 200.00
5 FUEL TIME ( SEC ) 79.80 63.30 49.00 39.80 33.30 61.30 47.60 38.70 31.90 44.10 346.20
4 FUEL TEMFERATURE ( C ) 18.00 18.00 18.00 18.00 18.00 17.00 17.00 17.00 16.00 18.00 17.00
8 AIR METER TEMFERATURE ( C ) 21,00 22,00 22.00 25.00 26.00 25.00 28.00 28.00 29,00 27.00 27.00
12 HYDROCAREONS ( PFMC ) “1650.0~1680.0-1710.0-1320.0 ~900.0-1800.0-1260.0 -870.0 -810.0 -810.0 -430.,0
13 CAREON MONOXIDE ¢ % ) L1300 L1110 L1130 .110 .090 .150 L1200 .110  .130 L1355 .170

14 OXIDES OF NITROBGEN ¢ FFM )
13 CAREON DIOXIDE ¢ % )

-150.0 -280.0 -100.0 -300.0 -700,0 -120.0 -330.0 -750.0 -9250.0 -850.0-1000.0
10.800 10.700 11.000 11.500 11.000 11.200 12.000 12.600 12.700 13.800 13.300

16 OXYGEN ( % ) 5.300 5.800 5.300 4.800 S5.500 4.700 4.300 3J.500 3I.200 2.400 2.100
8 IGNITION TIMING 29.00 28.00 25.00 19.00 16.00 34.00 3I1.00 28.00 23.00 34.00 30.00
26 EXHAUST TEMFERATURE 390.0 447.0 493.0 4646.0 500.0 B42.0 576.0 3570.0 606.0
11 INTAKE MANIFOLD FRESS. (mm.Hg)-435.00-356.25-202.50-120.00 -43.00-326.23-240.00-165.00 -93.75-266.25-180.00
CO, INLET (NO EGR) .05 .06 .05 .06 .05 .05 .05 .05 .06
CO, INLET (WITH EGR) .15 .80 .20 1.20 1.05 .90 .55 .85 .83



DATE

25/11/82

RELATIVE HUMIDITY
HUMIDITY CORRECTION FACTOR
GRAINS OF

SFEED
REV/S

40.0
40 .0
40.9
40.0
40.0
60.0
60.0
40.0
60.0
80.0
80.0

FOWER
KW

4,32
7.24
11.61
15.89
20.30
10.86
17.41
23.83
30.45
23.21
21.77

WATER/LE

EMEF
EAR

.49
2.50
4.00
5.48
7.00
2.90
4.00
5.48
7.00
4.00
5.48

MAaF AUTO IGN

TEST NO. 77.0 BAROMETER

= 53.60

= 1.01

DRY AIR = S1.37
: IF FOWER = 0. 0 RESULTS

RESULTS IN

TORQUE FUEL VOLUME
N.M G/KW.HR EFFICI
17.21 1043 .1 30.4¢
28.80 78%.8 3v.41
46.18 633.0 47.4¢
63.21 S69.3 59.8¢
80.77 9332.5 75.1¢
29.890 811.4 38.6¢
46.18 651.6 49.0¢
63.21 585.5 57.9¢
80.77 555.9 67.5¢
46.18 703.3 47.7¢
63.21 626.0 57.6¢

FUEL EGR

756.70 MM.HG

DRY EULE

REFER TO FIGS. 5k, 56-62.

WET BULE TEMF(C) 13.5
TEMF(C) 19.0

------

nnnnnn

....................................

TRIC
ENCY (%)

-0
.0)
.0
-0)
.0
-0)
.0
-0)
.0)
.0
.0

AR FUEL
RATIO

g.4¢
8.6¢
8.4¢
g.1¢
8.5¢
8.1¢
7.9¢
7 .64
7.5¢
7,21
7.14

.0)
=00
L0)
-0
.0)
-0)
-0)
.0)
)
-0
-0)

(ERACKETS) AFF CALCULATED FROM AlR METER DATA

H C

G/ KW . HR

7.4
731
5.85
.74
2.62
7.76
4.17
2.50
2.19
2.60
1.8%

NOX

G/KW . HE

cao

G/KW . HR

10,65
&6.86
635
4.65
3.74
?.20
D.S7
4.39
4.89
5.92

6.87

caz

G/KW.HR

1370.70
1048.94
843.80
768.21
718.70
1079.25
87%.22
720.82
750.19
730.03
844.27

HC + NOX
G/KW.HR

11.69
10.58%
6.76
6.483
8.36
F .20
7. A5
8.81
?.89
10.49
10.36



mak AUTO IGN FUEL EGR

BEORE STROKE NUMEBER OF
CYLINDERS
79 .50 73.00 4
DAY MONTH YEAR
26 11 82

1 ENGINE SFEED (REV/S)

70.00 70.00 70.00 70.00 80.00
2 BRAKE LOAD
1.97 2.63 3.69 4.60 4.27
3 FUEL MASS ( GRAMS )

200.00 200,00 200.00 200.00 200.900
S FUEL TIME ( SEC )

63.40 353.00 42.90 36.40 32.40
6 FUEL TEMFERATURE ¢ ©C

16.00 15.00 135.00 15.00 14.00
8 AIR METER TEMFERATURE ( C )

22.00 24.00 2?9.00 32.00 26.00

12 HYDROCAREONS ¢ FFMC )
1470.0 -9790.0 -870.0 -990.0 -810.0

13 CAREON MONOXIDE ¢ % )

-130 - 130 . 120 <170 160

14 OXIDES OF NITRQGEN ( FFM )
-250.0 -570.0 -890.0 -240.0 -250.0~

13 CAREON DIOXIDE ( X% O
12,400 13,300 13.700 13.700 13.800
16 OXYGEN ( % )
4.000 2.900 2,400
28 IGNITION TIMING

2.400 21.000

36.00 34.00 320.00 25.00 26.00
26 EXHAUST TEMFERATURE
512.0 549.0 580.0 608.0 632.0

11 INTAKE MANIFOLD FRESS.{(mm.Hg)-420.00-367.50-296.25-232.50-138.75

315.00-266

€O, INLET (NO EGR)

.07 .06 .06 .06 .06
€Oy INLET (WITH EGR)
1.15 1.05 .70 .65 .70

S 25-191.25-112.50-127 .50~

REFER TO FIGS.

54, 56-62

CALORIFIC

TURBOCHARGED

VALUE OFTION
199240.00 0

FRICTION OUTFUT

OFTION QOFTI0N

1. 4

I0.00  &60.00 60.00 70.00
3.60 1.31 1.97 1.64
50.00 150.00 150.00 200.00
26.20 467.20 T7.40 468.80
17.00 18,00 146.00 146.00
22.00 18.00 19.00 23%.00

-870.0-24460.0-1830.,0~1770.0~-1500.0-2100.,0-1710.0~14620.0

-110 -140 - 139

~280.0 -82.0 -1460.0

- 130

~-170.90

11.900 10.700 11.000 10.4600 11.400 11.800 12.200 12.400

ENGOY
CYCLE ERAKE ATR METER FUEL H/CAREON
TYFE CONSTANT CONSTANT 5.6G. RATIO
4. 9. 0640 000000 .8180 4.00
TEST BEAROME TER WET BULE DRY EULE FOWER
NUMEER TEMFERATURE TEMFERATURE CORRECT 10N
79.00 753 .00 14.00 20.50 0
50.00 50.00 50.00 S0.00 50.00 S0.00 30.00 30.00 30.00
80.00
1.10 1.64  1.97  2.63  3.60  4.60 98 1.464 2.63
4,60
100.00 100.00 100.00 100.00 100.00 100.00 S0.00 50.00 50.00
250.00
60.80 50.30 46.20 39.40 32.00 26.10 S2.60 41.30 31.50
38.00
16.00 17.00 17.00 16.00 16.00 16.00 16.00 17.00 17.00
14.00
18.00 17.00 21.00 20.00 21.00 23.00 24.00 20.00 20.00
29.00
~1980.0-1560.0-1920.0-1695.0-1290.0
~840.0
.140  L.130  .130  .130  .110  .150  .150  .140  .120
L 600
—200.0 -320.0 ~100.0 ~190.0 ~270.0 ~940.0 ~180.0 ~330,0 -440.0
1000.0
10,800 11.200 11.300 11.500 11.100
13,400
5.400 5.200 4.800 4.500 5.000 3.500 5.800 5.200 6.100
2.400
22.00 32.00 31.00 28.00 23.00 20.00 25.00 25.00 22.00
24,00
430.0 442.0 443.0 462.0 494.0 531.0 375.0 361.0 386.0
638.0
~90.00-431 . 25-35
105,00
.05
02 .05 .05 .05 .05 .06 .05 06 .06
';; 31 1.1 1.95 .75 .38 15 .15 12

5.300 4.800 4.300

15.00 34.00 34.00

415.0 450.0 447.0

.05 .06 .06

.60 1.34 .130

4.100

b .00

497.0

2.590-232.50-123.75-360.00~-315.00-337,%0

.06



20REV/S

MAF AUTO IGN FUEL EGR REFER TO FIGS. 5)_.’ 56-62
DATE 26711782 TEST NO. 7%9.0 BAROMETER 753.00 MM.HG WET BULE TEMF(C) 14.0
DRY EBEULE TEMF{C) 20.95

RELATIVE HUMIDITY = 48.26

HUMIDITY CORRECTION FACTOR = 1.0%

GRAINS OF WATER/LE DRY AIR = 51.01

s IF FOMER = 0.0 RESULTS LISTED AS G/KW-HRE ARE ATCTUALLY G/HF H
RESULTS IN (BRACKETS) ARE CALCULATED FROM AlR METER DaATA

SFEED FOWER EMEF TORQUE FUEL VOLUMETRIC AR FUEL E.T.E. H C NOX, cCao
REV/S KW EaR N.M G/7KW. HR  EFFICIENCY () RATIO % G/kW.HE  G/KW.HR  G/KW.HR
50.0 6.07 La.67 19.32 97%.8 32,14 .0 Ba.0¢ .0) 18.%0 10.56 2.68 10.68
50.0 9.05 2.590 28.80 791. 37.8¢ 0D 8.3¢ -0) 22.82 6.99 3.34 7.81
50.0 10.87 3.00 34,59 717.0 40,7 ¢ .0) 8.11 ) 2%.18 7a.27 .99 5.99
S0.0 14.51 4,00 44.18 629.8 44 .9¢ .0) 8.0¢ .0 28.67 5.97 1.60 6.0%
S50.0 19.86 5.48 63.21 566.5 60.0¢ .0 8.3¢ .00 31.87 2.95 2.16 4.79
TO.LO 25.38 7.00 80.77 543.6 68 .41 .0 7.6¢ .0 33.21 2.42 7.02 5.84
30.0 2.24 1.4%9 17.21 1055.0 21.7¢ 02 8.%¢ -0 17.11 14.20 2.84 12.41
A0.0 5.43 2.5990 28.80 g802.9 38.8¢ .0) 8.3¢ .0) 22.49 7.93 3.69 8.65
0.0 8.70 4,00 446,18 656.59 SR .0 8.8¢ .0 27.50 b6.487 4.17 6.30
30.90 11.92 5.48 63,21 576.6 b1.6¢ .0 3.3¢ .0) 31,31 4,56 2.26 4.74
a0.0 8.467 1.99 23.00 Q26.7 34, 3¢ .0 8.0¢ .0 19.48 7.90 77 g.30
60.0 13.04 3.00 34,59 721.4 39.3¢ .0 7 .81 .0 20,03 6.1% 1.4% 6.54
70.0 12.467 2.90 28.80 826.3 37 .6¢ 0D 7.8¢ 00 21.85 6.59 1.86 7.38
70.0 15.21 3.00 34,59 7446 .4 40 .,.5¢ .0 7.7¢ =0 24,19 S.41 2.43 b 67
70.0 20,31 4.00 44,18 668.8 446.3¢ .0 7 .34 -0) 26.99 2.11 4.88 S5.61
70.90 27.80 5.48 63.21 603.7 56.8¢ .0) 7.2¢ .0 29.91 2.41 7 .44 4.5%5
70.9 25.53 7.00 80.77 5546.8 67 .41 .0 7.1 .0 32.43 2.52 7.70 5.91
80.0 37 .69 &.50 74.98 589.6 117.0¢ 0D 12.9¢ .0) 20.62 2.18 7.10 5.87
80.0 40,60 7.00 80.77 583.4 68.9¢ .0 7.0¢ .0 30.95 2.22 g8.00 21.70

coz
G/KW. HR

1295.09
1056.74
54 .37
840.62
760.07
731.06
1391.24
1067.97
874.39
772.33
1231.54
P64.146
1105.71
1000.364
901.72
815.73
748 .88
775,03
761.39

HC + NOX
G/KuW . HR

13.24
?.93
8.26
7.18
6.10
?.44

17.04

11.61

10.64
6.82

10.87
7 .60
d.45
7.84
7.99
?.85

10.22
.28

10.22



MIXTURE

1 ENGINE

LOOF

IGNITION LOOR

STROKE

73.00

MONTH

1

SFEED

ERAKE LOAD

FUEL MASS |

FUEL TEMPFERATURE
ATR METER TEMFERATURE ( C

2
3
S FUEL TIME (
6
8

12 HYDROCAREONS (

13 CAREBON MONQOXIDE
14 OX1IDES OF NMITROGEN ¢ FFM )
15 CAREBON DIOXIDE ¢

16 OXYGEN ¢

)

28 IGNITION TIMING

26 EXHAUST TEMFERATURE

(REM/S)

GRAMS )
SEC )

FEMC )

NUMEER OF
CYLINDERS
4
YEAR

83

cH

)

REFER TO FIGS. 65-71-

EN6OY
CYCLE ERAKE AIR METER FUEL H/CAREON  CALORIFIC  TURBOCHARGED
TYFE CONSTANT CONSTANT 5.6. RATIO VALUE OFTION
5. F.0640 000000 L8180 4.00 19940.00 0
TEST EAROMETER WET BULE PRY EULE FOWER FRICTION DUTFUT
NUMEEFR TEMFERATURE TEMFERATURE CORRECTION OFT 10N OFT i T
98,00 761.70 14.00 20.00 0 1. 4
15,00 15.00 1%.00 1%,00 15.00 15,00 15.00 15.00 1%.00 15.00 15.00 1%5.00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
20.00 20.00 20.00 20,00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
56.90 68.70 69.00 59.20 65.40 72.20 6%.50 66.00 74.80 70.80 70.00 71.%50
16.00 17.00 17.00 17,00 17.00 19.00 1%.00 18.00 1%.00 19.00 19.00 1%.00
34.00 29.00 27.00 25.00 24,00 33.00 32.00 3I3.00 3I3.00 33.00 3I2.00 33.00
~6150.0~3150.0-4500.0-4200.0-3150.0-3000,0~2850,0-2280.0-34%0.0-3300.0-4500.0-3180.0
6.000 1.600  .800 4.800 2.800 1.800 1.800 1.400 1.400 1.400 1.700 1.600
~7.3  -8.4 ~B.B -7.0 -8.0 ~B.5 8.6 7.0 ~9.0 -9.5  ~7.%
10.500 13,400 13.000 11.300 12.400 13.000 12.900 13.100 12.700 12.600 12.500 12.600
1.500 1.200 2.100 1.100  .900 1.000 1.000  .800 1.300 1.200 1.400 1.100
19.00 19.00 19.00 19.00 19.00 19.00 14.00 %.00 25.00 30.00 3%.00 19.00
137.0 137.0 137.0 137 0 137.0 137.0 153.0 147 0 148.0 140.0 137.0 138.0
$25.00-525.00-525.00-525.00~532.50-525.00-525,00-532.50-525 . 00~-532.50-525.00

11 INTAKE MANIFOLD PRESS. (mm.Hg)-3525.00-



MIXTURE L.OGQF
REFER TO FIGS. 65-71
IGNITION LQOF

DATE 15/ 1/83 TEST NO. 98.0 BAROMETER 761.70 MM.HG WET BULE TEMF(C) 14.0
DRY BULE TEMF(C) 20.0
RELATIVE HUMIDITY = &H1.01
HUMIDITY CORRECTION FACTOR = 1.19
GRAINS OF WATER/LE DRY AIR = 51.48

: IF FOWER = 0.0 FLSUITa LIaTFD AS G/KUW-HR ARE ACTUALLY G/HR =
RESULTS IN (BRACKETS) ARE CALCULATED FROM AIR MFTk¥ DATA

SFEED FOWER EMEF TORQRUE FUEL VOLLUMETRIC ATR FUEL B.T.E. H C NOX cCa coz HC + NOX
REV/S KW EAR N.M G/KW.HR  EFFICIENCY (%) RATIO p G/KW.HR  G/7KW.HR G/KW.HR G/7KW.HR  G/KW.HR
15.0 =00 -00 =00 1265.4 14.8( .03 5.3¢ .0 .00 28.97 .13 384.01 1055.90 29.11
15.0 .00 .00 .00 1048.0 14.4¢ -0 6.3¢ -0 00 13.87 -11 ?5.18 1252.52 13.98
15.0 .00 - 00 .00 1043.5 15.2¢ .0 6.7¢ .02 .00 20.83 =12 50.79 12946.87 20.95
15.0 .00 .00 .00 1216.2 14.4¢ .0) 5.5¢ -0 00 19.81 .09 3046.79 1134.81 19.91
15.0 .00 .00 =00 1100.9 14.0¢ .0) 59.9¢ -0 .00 14,32 .10 172,75 1202.04 14.43
15.0 .00 .00 .00 ?97.2 13.7¢ Q) 6.2¢ -0 -0Q0 12.69 W13 103.37 1173.035 12.83
15.0 .00 .00 .00 1036.0 14.2¢ -0 6.2¢( -0) .00 12.61 .13 108.24 1218.87 12.73
15.0 =00 .00 -00 1090.9 15.0¢ .0 6.2¢ .0 00 10.48 .14 101.81 1309.74 16.82
15.0 =00 .00 .00 P62.6 13.4¢ Q) 6.3¢ -0 .00 14.42 13 ?1.37 1139.55 14,
15.0 00 .00 .00 1016.9 149.1¢ ~0) 6.3¢ 0D .00 14.67 .14 P7.32 1204.24 14,80
15.0 .00 .00 .00 1028.4 14,2¢ -0 6.3¢C -0 .00 20.01 .14 103.51  119%.84 20.1%
15.0 . Q0 .00 .00 1007 .0 14.0¢ -0) 6.3¢ -0 .00 14.01 11 ?6.47 L193.70 14,12



EQRE

EFA 1.50

79.50

[salNs R IR O B

13
14
15
16
28
26

i1

DAY

ENMGINE SFEED (REV/S)

BRAKE L.0AD

FUEL MASE ( GRAMS )
TIME ( SEC )
FUEL TEMPERATURE

FUEL

13:1 CR

STHOKE

73.00

MONTH

1

HRCC VW ENGINE

NUMEER OF
CYLINDERS
4

YEAR

83

« CH

aIR METER TEMFERATURE ¢ C )

2 HYDROCAREONS (

FEMC )

CARBON MONOXIDE ¢ X%

)

OXIDES OF NITROGEN ( FFM )
CAREON DIOXIDE ¢ %

OXYGEN ¢ %

)

IGNITION TIMING

EXHAUST TEMPERATURE

INTAKE MANIFOLD FRESS.(mm.Hg)

FULL LOAD FOWER

CYCLE
TYFE
4.

TEST
NUMEER

?3.

20.00
5.38
150.00
64.00
13.00
27.00

6.400
-100.0
11.000

. 200
10.00
406.0

.00

00

30.00
6.10
150.00
3?.60
14.00
25.00

-2070.0-1740.0

6.300
-10%5.0
10.9200

. 200

12.00

444 .0

=00

REFER TO FIGS.

CURVE WITHOUT INTAKE HEATER.
BERAKE ATR METER FUEL H/CAREON
CONSTANT CONSTANT 5.G. RATIO
9.0640 .000000 .8180 4.00
EAROME TER WET EULE DRY EBULE FOWER
TEMFERATURE TEMFERATURE CORRECTION
772,15 14.00 17.50 1
40.00 50.00 60.00 70.00 £0.00 590.00
.38 6.53 4.55% 6.40 46.08  5.55
200.00 200.00 250.00 250.00 2%0.00 250.00
41.90 34,60 346.30 31.20 27.70 24.80
14.00 14.00 13.00 132.00 13.00 13.00
26.00 28.00 26.00 27.00 30.00 33.00
~900.0 -960.0-1110.0-1200.0-1110.0-1080.0
4.800 3.400 2.%00 2.900 2.9200 3,600
-200.0 -%500.0 -750.0 ~890.0 ~800.0 ~470.0
11.900 12.700 13.000 12.900 13%.000 12.%00
.200 L300 .400 500 .300 L300
146.00 18.00 21.00 22.00 22.00 22.00
S509.0 S578.0 616.0 644.0 465.0 6468.0
.00 .00 .00 .00 .00 .00

73-75.

CALORIFIC
VaLUE
19940.00

FRICTION

OFTION
1.

TUREOCHARGED

OFTION
0

oUTEUT
OFT 10N
4



SFEED FOWER EMEF TORQUE FUEL VOLUMETRIC ATR FUEL B.T.E. H C NOX ca coz

REV/R KW BEAR M. M G/KW.HR EFFICIENCY (%) RATIO “ G/XMW.HR  G/KUW.HR G/KW.HR G/KW.HR
20.90 11.82 8.16 ?4.09 710.8 68.1¢ -0 3.0¢ .0 25.40 $5.42 .78 225. 1q 608.02
0.0 20.04 9.22 106.32 675.4 723.2¢ -0 S.14 .0) 26.73 4.38 .74 213.5 580.53
40.0 27.99 ?.66 111.39 610.3 74.4¢ -0) G40 -0 29.598 .13 1.3& 152.34 S93.43%
50.0 5.924 ?.92 114.39 S577.7 77.0¢ -Q) D.8¢ .02 31.25 2.23 3.90 105.87 621.34
60.0 43.11 .71 114.36 571.8 77.71¢ -0 5.9¢ .0) 31.57 2,58 4.97 90.39 636 .65
70.0 49 .23 ?.70 111.93 583. 6 78.0¢ .0) 5.9¢ -0 30.93 2.86 6.20 P77 648 .36
80.0 53.71 ?.26 106.36 605.5 77..1¢ -0) SL.? 0 -0 29.82 2.73 6.27 ?5.71 674.11

REFER TO FIGS. 73-75.
EFa 1.5 HRCC VW ENGINE WITHOUT INTAKE HEATER.

1321 CR

DATE 12/ 1/83 TEST NO. 93.0 BEAROMETER 7272.1% MM.HG WET BULE TEMF(C)Y 14.0
DRY BULE TEMF(C) 19.3

RELATIVE HUMIDITY = 53.88

HUMIDITY CORRECTION FACTOR = 1.223

GRAINS OF WATER/LE DRY aAlR =

o IF FUNER = 0.0 RESULTS LISTED AS G/KW-HRE hRF ACTUALLY G/HRE =

hF1U|T9 IN (FFALKFTq) ARE CALCULATED FROM AIR METER DATA

Fﬂwhb CURFFFTFD TO DIN. ?0070

20.0 55.43 8.50 ?8.03 6598.5 75.2¢ .0) S5.7¢ .0) 27 .42 2.85 &.24 127.66 696 .43

HC + NOX
G/KuW . HE

D oD U g

RURN IR VIR IR & I 72 I I N
L O MS

s



EFA 1.5 HRCC VW ENGINE REFER TO FIGS. 73-75
1321 CR WITH INTAKE HEATER FITTED

FULL L0OAD FOWER CURVE

BEORE STROKE NUMEER OF CYCLE BERAKE ALK METER FUEL H/CAREQON  CALORIFIC  TURKOCHARGED
CYL INDERS TYFE CONSTANT CONSTANT 5.G. RATIO VAL UE OFTION
79.50 73.00 4 4, 9.0640 .000000 .8180 4.00 19940.00 0
DAY MONTH YEAR TEST BAROME TER WET BULE DRY EULE FOWER FRICTION QUTEUT
NUMEER TEMFERATURE TEMFERATURE CORRECTION OFTION OFT10N
13 1 83 94,00 765,75 13.00 21.00 1 1. 4
1 ENGINE SFEED (REV/S) 20.00 30.00 40,00 S0.00 60.00 70.00 80.00 90.00
2 ERAKE L.0AD 5.36 4.12 46.28  4.33  6.32  6.1%  5.81 5,30
3 FUEL MASS ( GRAMS ) 150.00 150.00 200.00 200.00 250.00 250.00 2%0.00 250.00
5 FUEL TIME ¢ SEC ) 65.00 43.00 45.10 36.50 38.10 32.90 29.30 26.10
& FUEL TEMFERATURE ¢ C ) 14.00 14.00 13.00 1%.00 13.00 11.00 11.00 11.00
B AIR METER TEMFERATURE ( C ) 24,00 22.00 21.00 22.00 23.00 24.00 26.00 25.00
.2 HYDROCAREONS ¢ FEMC ) -2100.0-1840.0~1200.0-1260.0-1380.0-1200.0-1080.0~1020.0
13 CAREON MONOXIDE ¢ % ) 6.100 4,500 3.000 2.600 2.400 2.600 2.800 3.700
14 OXIDES OF NITROGEN ( FFM ) -150.0 ~400.0 -720.0 -83%0.0 -920.0 -780.0 ~760.0 -480.0
5 CAREDN DIOXIDE ¢ % ) 11.800 12.500 13.100 13.300 13.400 13.200 1%.100 12.800
16 OXYBEN ( % ) L250  .200 .300  .400  .400  .400  .300  .300
8 IGNITION TIMING 10.00 12.00 16.00 18.00 21.00 22.00 22.00 22.00
26 EXHAUST TEMFERATURE 428.0 442.0 533.0 578.0 609.0 641.0 661.0 666.0

11 INTAKE MANIFOLD FRESS.(mm.Hg) .00 .00 .00 .00 .00 .00 .00 .00



EFA 1.5L HRCC VW ENGIME REFER TO FIGS. 73-75

1321 CROWITH INTAKE HEATER FITTED

DATE 137 1/8% TEST NO. 924.0 BAROMETER 765.75 MM.HG WET BULE TEMF(C) 13.0

DRY BULE TEMF(C) 21.90
RELATIVE HUMIDITY = 38.34

HUMIDITY CORRECTION FACTOR = 1.01%
GRAINS OF WATER/LE DRY AIR = 41.00

-------------

------

RESW.TS IN (BRACKETS) ARE CALCULATED FROM AIR METER DAT

T un

FOMFF3 CURFFFTFD TO DIN 700 0

SFPEED FOWER BMEF TORGQUE FUEL VOLUKETRIC AIR FUEL B.T.E. H C NOX cao cas HC + NOX
REV/S KW BaR N.M G/KW.HR  EFFICIENCY () RATIO A G/KUW.HR  G/7KW.HE G/KW.HR  G/KW.HR  G/KW.HR
20.0 11.82 8.15 94.05 702.4 &8 .7 ¢ -0 S.24 .0 25.70 5.34 1.09 206.17 626 .63 b.A2
30.0 20.17 ?.28 107.02 &20.0 73.0( .0 8.5 0D 29.12 4.37 2.53 141 .49 617,55 6.92
40,0 27.55 ?.50 109.43 576.0 73.9¢ .0) S.8¢ -0) 31.34 2.78 4.36 ?2.97 b637.8%9 Fal4
G30.0 34,77 7.60 110.69 564.9 74,71 -0 6.0¢ 0D 31.96 2.89 S5.11 77.76 642 .68 8,00
60.0 41.73 9.60 110.71 564. 4 75.3¢ Q) 6.01¢ .0 31.97 3.18 5.83 74.16 650,61 ?.01
70.0 47 .46 7 .35 107.71 59760 74,54 -0 6.0¢ -0 321.35 2.8%2 S5.17 82.08 654,72 8.00
80.0 91.41 a.87 102.29 597 .0 72.8¢ -0 S5.9¢ -0 30.14 2.63 9.50 P1.44 673,20 8.13

?0.0 H2.67 8.07 ?3.15 655.2 70.1¢ 0 S5.7¢ .00 27 .55 2.63 5.09 127.47 692.87 772



MAF

AUTO

STROKE

73.00

MONTH

1

1 EMGIME SFEED

80.00 80.00

2 BRAKE
.60

3 FUEL

230.00 2%0.00

4,60

S FUEL TIME

45.10 38.70

6 FUEL TEMFERATURE ¢ C

13.00 13.00

MASS

L.OAD

(REV/S)

£ GRAMS )

(8

EC )

FUEL

1GN EGH
BN&OY
NUMEER OF CYCLE
CYL INDEKS TYFE
4 4.
YEAR TEST
NUMEER
83 97.00
50.00 50.00
1.08  1.64

)

8 AIR METER TEMFERATURE  C

36.00 38.00
12

~870.0 -840.0

HYDROCAREBONS

{

13 CARECN MOMNOXIDE ( %

-120 . 100
14 OXIDESQ
1250.0-1400.0

15 CAREON DIOXIDE ¢ %

13.800 13.000
146 OXYGEN ¢
1.700 2.500

%)

28 IGNITION TIMING

30.00 24.00

26 EXHAUST TEMPERATURE

621.0 638.0

11 INTAKE MANIFOLD FPRESS.(mm.Hg)—-442,.350-330.00~247.50-450.00~-375.00-

206 .25-112.%0

FEMC )
)

OF NITROGEN ( FFM )

BRAKE ATR METER FUEL

CONSTANT CONSTANT S.G.
?.0640 000000 -8180
BAROMETER WET BULE DRY BULE
TEMFERATURE TEMFERATURE

766.90 10.00 16.00
50.00 40.00 40.00 40.00 40.00
2,63 =78 1.64 2.63 3.60

100.00 100.00 100.00 100.00 100.00 100.00 100.00

59.70 A49.65
15.00 15.00
42.00 39.00

38.71

43 .00

81.20

41 .00

62.90

15.00

34.00

48,45 40.00
15.00 5.00

36.00 32.00

~1860.0-2010.0-1380.0-1710.0-1410.0~1650.0-1410.0

. 140
~-88.0
11.800 12.000

4.400 4.200
31.00 30.00

A426.0  432.0

.130
-370.0

12.400

468.0

. 140 130 - 130 120
-170.0 -420.0 -160.0 -260.0
11.200 11.900 11.800 11.500

5.000 4.700 4.200 4.800
27.00 27.00 24.00 19.00
386.0 402.0 430.0 464.0

22G.00-135.00

REFER TO FIGS. 77-81.

H/CAREON
RATIO
4.00

FOWER
CORRECTION

0

40 .00

4.60

60.00

1.64

CALORIFIC

valL. Uk
192940.00
FRICTION
OFTI0ON
1.
&0.00 40,00
2.463 3.60

100.00 150.00 150.00

33.535

16.00

44,00

60 .40
1%.00

37 .00

47 .00

14.00

37.00

-990.0~1590.0-1140.0

090

-790.0

11.400

5200

15.00

4946.0

-60.00~345.00~-262.50-183.75~10% .00

. 150

-240.0

12.900

3.300

33.00

483.0

- 139

-580.0

12.600

X.200

31 .00

515.0

TUREOCHARGED

OFTION
0
auTrEuT
OFT 10N

60,00

4.40

150.00 200.00

38.79

14,00

32.00

~-260 .0~

1190

-720.0-

12.800

3.000

28.00

S42.0

43,25

13.00

38.00

1140.0

100

-1000.9

12.400
3.600
22,00

569 .0

80.00

2.63

250.00

54.70

13.00

37.00

=945, 0

- 140

~9E0 .0

13.800

1.800

34,00

600.0

28%.00



MaF

AUTO FUEL

DATE 187 1/83 TEST NQ. 97.0
RELATIVE HUMIDITY = 45,05
HUMIDITY CORRECTION FACTOR = 1.35
GRAINS OF WATER/LE DRY AIR = 35,

nnnnnnn

.........

FOWER EMER TORQUE

K BAR N.M

BO.L0 .76 1.64 18.96
50.0 ?.0% 2.50 28.80
B0L0 14.51 4.00 46.18
40.0 4.32 1.49 17.21
40 .0 7.24 2.50 28.80
40 .0 11.61 4.00 46 .13
40 .0 15.89 S.48 63.21
40.90 20.30 7.00 80.77
60.0 10.86 2.50 28.80
60 .0 17.41 4.00 46 .18
60.0 23.83 5.48 63.21
60.0 30.45 7.00 80.77
80.0 23.21 4.00 446.18
80.0 31.77 5.48 63.21
80.0 49 .60 7.00 80.77

RESULTSE IM

(ERACKETS) ARE

FUEL

G/KW. HR

1012.2
801.5
641 .90
1025.1
790.8
HA0 .2
S66.5
528.6
823.%
659 .9
585.5
546.7
708.8
628.0
572.8

TGN

nnnnnn

EGR

nnnnnnn
nnnnnnnnnnnnnnnnnnnn

= 0.0 RESULTS LISTED AS

uuuuuuuuu

Bonowon

VOLUMETRIC

EFFICIENTY (X))

X2.3¢
38.0¢
47 .81
30.8¢
38.2(
48.5¢
61414
76.3¢
37.0¢
A7.7¢
57 .8¢
70.8¢
A7 .71¢
S7.6(
70.4¢

.0)
.0)
-0
-0)
.0)
-0
.0)
-0
-0)
-0)
.0
-0
PR
=00
.02

BAROMETER 7646.90 MM.HG

G/KW-

WET

DREY BULE

uuuuuu

MR

REFER TO FIGS. 77-81.

BULE TEMF(C)Y 10.0
TEMF(C) 16.0

----------------

ARE ACTUALLY G/HR =

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

CALCULATED FROM AIR METER

ATR FUEL

RATIO
794 -0
7.8¢ -0
7 .61 -0)
8.2¢ 0
8.1¢ -0
7.9¢ -0)
8.14 .00
8.3¢ -0
7 .44 -0)
7.9¢ .0)
7.4 . 0)
7.6¢ -0
7.0¢ .0)
6.7( L0
7.24 -0

RaTA

BE.T.E. H C NOX co

% G/KW.HR  G/KW.HR  G/KW.HEK
17 .84 7.60 6.00 10.90
22.53 8.190 1.34 7.92
28.146 4,364 4.99 S.74
17.61 ?.33 3.54 10.87
22.8% .83 5.80 7.62
28.20 5.40 1.85 6.00
21.87 4.18 2.84 5.04
34.16 2.78 8.92 3.58
21.92 6.24 2.49 8.15
27 .36 3.67 6.92 5.83
30.83 2.72 10.19 4.32
33.02 3.09 10.13 3.78
25.47 3.05 11.85 6.17
28.75 2.49 13.4% 4.70
31.52 2.30 14.8% 2.79

coz2
G/KW . HF

1347 .37
104846.65
859.84
1365.97
1058.467
8355.45
759 .03
713.07
1101 .68
887 .59
790.32
736.82
?55.90
848.78
774 .80

HC + NOX
G/KW . HR

1%.60
?.44
QP34

12.87

11.64

~e
7.5

7 .02
11.70
.74
1059
12.91
13,22
14,91
15.99
17.16



AUTO FUEL 1GM EGR

BN6OY
BRORE STROKE NUMEER OF CYCLE BRAKE AIR METER FUEL
] CYLINDERS TYFE CONSTANT CONSTANT 5.G.
79.50 73.00 4 4. 9.0640 000000 .8180
DAY MONTH YEAR TEST BAROMETER WET EBULE DRY EBULE
NUMEER TEMFERATURE TEMPERATURE
18 1 83 ?8.00 767.70 12.00 21.00

1 ENGINE SFEED (REV/S)
30.00 30.00 30.00
2 EBRAKE LOAD
2.63 3.60 4.30
3 FUEL MASS { GRAMB
G90.00 50.00 70.00
S FUEL TIME ( SEC )
33.30 26.70 32.30
6 FUEL TEMFERATURE ¢ C )
16.00 16.00 16.00
8 AIR METER TEMPERATURE ( C
36.00 40.00 47.00
12 HYDROCAREBONS ( FPMC )
1320.0-1230.0-1320.0
13 CAREON MONOXIDE ( % )
. 120 .110 .100
14 OXIDES OF NITROGEN ( FFM
~370.0 -210.0 ~740.0
15 CAREON DIOXIDE ( % )
11.500 11.300 10.700
16 OXYGEN ( % )
4,800 $.000 35.700
28 IGNITION TIMING
21.00 14.00 12.00
26 EXHAUST TEMFERATURE
382.0 427.0 A53.90

590.00 T0.00 70.00 70.00 70.00 70.00 20.00

3.60 4.460Q 1.64 2.63 .60 4,60 .78
150.00 150.00 150.00 150.00 150.00 150.00 50.00
47.40 §9.70 4%.40 3I9.00 3I2.20 27.00 82.00
17.00 17.00 16.00 14.00 15.00 15.00 146.00

44.00 46.00 38.00 38.00 38.00 37.00 36.00

REFER TO FIGS. 77-81.

H/CAREON
RATIQ
4.00
FOWER
CORRECTION
0
20.00 20.00
1.64 2.63
S50.00 50.00
63.8%  47.80
146.00 17.00
36.00 36.00

CALORIFIC
VAaLUE
19940.00
FRICTION
OFTI0N
1.
20,00 20.00
2.60 4.00
S50.00 T0.00
39.60 36.%0
17.00 17.00
37.00 38.00

TURBOCHARGED

OPTION
)
OUTHFUT
OFTION
4
30.00 30.00
.78 1.44
50.00 50,00
54,00 41,80
17.00 16.00
32.00 34.00

-1200.0 -990.0-1320.0-1080.0 -990.0-10%0.0-1620.,0-1800.,0-1350.0-1320.0~1290.0-1560.0~-1320.0

110 100 150 . 140 120 . 100 . 140
-380.0 -9900.0 -380.0 -770.0-1100.0-1200.0 -120.0
11.200 11.800 12.400 12.600 12.600 12.300 11.490

5.000 4.100 3J.300 2.800 2.800 3.200 5.000
23.00 19.00 35.00 JX.00 27.00 24.00 22,00

498.0 G37.0 5H11.0 550.0 581.0 403.0 264.0

- 1390

~250.0

- 130

-900.0

L1190

-380.0

. 100

~800.0

- 140

-130

~210.0 -480.0

11.000 12.000 10.300 10.700 11.700 11.800

5.300 3.800 46.200

23.00

281.0 309.0

17.00

11.00

3462.0

5.800

?.00

388.0

4,400

4.300

2X.00

356.0

11 INTAKE MANIFOLD FRESS.(mm.Hg)-135.00 -B2.50-345.00-270.00~187.50-105.00-412.50-337.50-247.50 ~97.50 -52.50-447.%0~375.00

285.00~-112.%50 —-460.00



MaF

AUTD FUEL 16N EGR
DATE 18/ 1/83 TEST NO. 98.0 BAROMETER 7467.70 MM,HG WET BUL
DRY EULER
RELATIVE HUMIDITY = 31.71
HUMIDITY CORRECTION FACTOR =  1.46
GRAINS OF WATER/LE DRY AIR = 33.77
s IF POWER = 0.0 RESULTS LISTED AS G/KW-HR ARE ACTUALL

nnnnnnnnnnnnnnnnnnnn

RESULTS

SEEED FOWER BHMEF TORGUE
REV/S Ky EoR N.M
0.0 19.86 5.48 63.21
0.0 28 3L 7.00 80.77
70.0 12.67 2.590 28.80
70.90 20,31 4.00 46.18
70.0 27.80 .48 63.21
70.0 35.53 7.00 80.77
20,0 2.16 1.49 17.21
20.0 3.62 2.50 289.80
20.0 5.80 4.00 446.18
20,0 7.74 5.48 63.21
20.0 8.83 6.09 70.24
300 3.24 1.49 17.21
30,0 5.43 2.50 28.80
30.0 8.70 4,00 46.18
30.0 11.92 5.48 63.21
30.0 14,23 46.5% 75.51

uuuuuuu

IN (BRACKETS) AFL CALCULATED FROM AlR

FUEL

G/KW L HE

073.7
336.5
g6%.1
681.7
603, 2
56,0
10151
779.0
648 .9

-
S72.2

558.7
1027.7
7923.3
621.0
565.8
548.2

VOLUMETRIC
EFFICTEMCY A7)
H4..21 .0
48,914 -0
A7.11 -0)
43.5¢ .0
Se.814 )
7150 L)
29.%9¢ -0)
37.1C .02
48 .,2¢ -0)
67 .4¢ .0
71 .41 -0)
27,64 .0
3754 0D
48.7¢ . 0)
62324 -0
77.1¢ .0

ATR FUEL

RAaTIO
8.3« -0
7.91 -0
7.5 02
7.3¢ -0)
7.3 -0)
7.5¢ -0
8.2¢ .0
8.4¢ «0)
7.7 -0)
8.%( -0
8.71¢ -0
7.9¢ -0
7.94 0D
8.1¢ .0)
8.21¢ -0
B.6¢ L0

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

31.47
90.65
20.92
26.48
29.93
32.07
17.79

23.18
27.82
31.55
3231

17.57
2276
29.07
31.91%

32.93

BOTEMP(C) 12.0
TEMFICY 21.0

nnnnnn

H C

G/KW . HR

3.69
1.82
.62
3.60
2.92
2.95
8.44
7.37
4.44
4.33
4.01
8.26
5.37
4.30
2.71
4.02

REFER TO FiIGS. 77-81,

NQX
G/Ku . HI

4,75
7.39
6.14
?.87
12.49
12.49

2.21
3.60
10.54
4.22
8.69
4.16
6.60
4.18
2.34
7.43

ca
G/KW . HR

4.82
2.99
8.70
6.48
4.93
3.73
10.59
7 .80
6.00
.21
4.486
10.46
7488
5.53
4.71
4,37

caz

G/KW . HF

770.58
480.74
1156.54
714.68
813%.0%
759 .32
1354 .54
1037 .45
870.06
766.24
74%.76
1373.03
106365
832.80
759 .89
735,35

HC + NOX
G/KW.HE

8.44
F.21
11.7%
13.46
1%.41
15.43
10.85
1i.17
14,97
3,55
12.69
12,42
11 .98
d.449
HLOT

13,44
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. Fig.No. 4
RI@R[I) Drg.No.
EPA 1.5L HRCC ENGINE Dete: 28 Jan 1983

1331CR (79.5 X 73
FULL LOAD POWER CURVE

M S8RON GASOLINE
S e - RICARDO RESEARCH HRCC ENGINE (98RON GASOLINE)

13 4 o om

1 - 790

:Cbar }

10

32 9

(%

30

[PUPRUIPIS g FR

28 -

26 1

24 1

BRAKE THERMAL EFFICIENCY

| ___ ENGINE SPEED ( rev/s) | ‘
22720 30 40 50 60 70 80 90 100




RIAREO

100

904

801

70

Z)

{

VOL.EFF.

s.ouwaNUWJw DS SN

TN
¢

( kg/kWih )

-
=

20

EPA 1.5L HRCC ENGINE

13:1CR (79.5 X 73
FULL LOAD POWER CURVE

98RON GASDLINE
RICARDO RESEARCH HRCC ENGINE (9BRDN GASOLINE)

Flg.No.

5

Drg-No.
28 Jan 1983

Date:

- 3
. e

ENGINE SPEED ( rov/s )

100

30 40 50 60 70

80

90




RIARDO

EPA 1.5L HRCC ENGINE

13+1CR (79.5 X 73)
FULL LCAD POWER CURVE

re————x 88RON GASDL INE

L - RICARDO RESEARCH HRCC ENGINE (98RDN GASOLINE)

9001 ..... .

Fig:No. 6
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RIARDO

EPA 1.5L HRCC ENGINE
13v1CR (79.5 X 73)

MIXTURE LOOP e 20REV/S 1.35BAR

o 98RON GASDLINE

$-mmm e - RICARDO RESEARCH HRCC ENGINE (98RON GASOLINE)

Fig.No. 8
Drg-.No.
28 Jan 1983

Datet:

30

D

( g/kW.h )

- ——

T4

NOx

20

( g/%w.h )

CO
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