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SUMMARY

Ricardo Consulting Engineers have carried out a development programme to
apply electronic sequential fuel injection to the optimum engine for
methanol utilisation. The programme was based on a production 1.5 litre
Volkswagen gasoline engine, the combustion system of which was converted to
HRCC (high ratio compact chamber) with a compression ratio of 13:1. This
engine had been developed to run on methanol using a carburettor and
mechanically controlled ignition and EGR system prior to this program.

The electronic engine management system applied to the engine was a Ricardo
Microprocessor Engine Controller (MEC) which enabled mapped control of
sequential fuel injection as well as ignition timing and Exhaust Gas
Recirculation (EGR) rate.

The application of sequential port fuel injection of methanol showed that
the combustion process was sensitive to injection rate; sensitivity to
injection timing was also shown to vary with fuel injection
characteristics. .

Two engine control strategies were developed, a best economy zero EGR
strategy and a reduced NOx strategy using EGR and ignition retard. The
characteristics of these strategies were derived from the observed response
of the engine on the testbed to mixture distribution, EGR and ignition
retard. Modelling of a number of possible control strategies showed that
a revised fuelling strategy wide range of HC and NOx emissions was
possible. However, it was evident that control strategies for reduced HC
emissions could result in large increases of NOx emission. The best
economy strategy was based on a lean part load mixture strategy having a
typical equivalence ratio of 0.7 with optimum ignition timing. The reduced
NOx strategy used richer mixtures, EGR and ignition retard to strike a
balance between NOx reduction, HC increase and fuel consumption penalty.
Simulation over the LA4 drive cycle for an Audi 5000 vehicle predicted the
following results:-

Methanol
HC NOx Co Fuel Cons.
g/mile miles/US gallon
Best economy strategy 1.92 1.75 3.37 16.3
Reduced NOx strategy 1.82 .67 14,52 15.4

Initial optimisation of transient and warm-up strategies were carried out
on the testbed but it was recognised that further development would be
required to refine driveability with the engine installed in the vehicle.
The mechanical condition of the engine and fuel handling system remained
satisfactory throughout the test programme.

Recommendations for further work were made.
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APPLICATION OF ELECTRONIC SEQUENTIAL FUEL INJECTION TO THE

OPTIMUM ENGINE FOR METHANOL UTILIZATION

1., INTRODUCTION

In the future supplies of conventional, petroleum based, fuels for road
vehicles are 1likely to be less readily available and probably more
expensive than at present. The potential for many alternative energy
sources to supplement or, in some vehicle applications, to entirely replace
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
therefore provides an adequate 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 is not easily
utilised in diesel engines. 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. Both are important attributes with regard to fuel economy
and exhaust emissions.

Considerations of the major performance characteristics of the HRCC
combustion system and some of the properties of methanol fuel suggested
that they compliment 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 utilisation. In order to confirm this theory a
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practical engine test programme aimed at investigating the potential
performance, fuel economy and exhaust emissions of- an HRCC engine when
fuelled with methanol was carried out by Ricardo on behalf of EPA (1).
This resulted in the production of a methanol fuelled, high compression
ratio, compact chamber (HRCC) engine in which air/fuel mixture strength was
controlled using a simple carburettor and ignition timing was varied using
a conventional distributor with vacuum advance. This engine showed
considerable potential with regard to high thermal efficiency and low
exhaust emissions; however, it was apparent that the relatively simple
engine control system used, imposed significant limitations on several
aspects of engine performance. The aim of the current project, as defined
in Contract No. 68-03-1968 was the application of an electronic sequential
fuel injection system to the engine to replace the carburettor. The
quantity of fuel delivered, together with the other control parameters of
ignition timing and EGR rate, were also to be controlled by the electronic
management system. With this arrangement various possible engine control
strategies, capable of maintaining low exhaust emission 1levels and
providing high thermal efficiency were to be investigated. This report
describes the experimental techniques used and the engine management system
utilised for this particular programme.

The installation of the engine in and subsequent testing of an Audi 5000
vehicle were to be carried out 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 (2-6).
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 economic 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 (BMEP) 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 reference numbers in Section 9.0
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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 (7).

As a basis for the development 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 (See Figures
1,2 and 3).

2.2 Engine Characteristics

The particular engine to be used for this work had been developed during a
previous exercise (1) in the form of a carburetted methanol fuelled HRCC
engine. Most of the main components including cylinder block, crankshaft,
‘0il pan, exhaust manifold, oil and coolant pumps were production Volkswagen
parts. Some components were particular to the HRCC combustion system, i.e.
cylinder head assembly and pistons. Other special components were mandated
because of the use of methanol fuel; carburettor, intake manifold, intake
heating element. A high energy, Delco-Remy, dignition system was
incorporated in order to improve the engine's lean operating capability.

For the present exercise the main components of the engine were retained
but the use of sequential fuel injection and an electronic management
system dictated that some new parts were required. These are outlined in
Sections 2.6 and 2.7

2.3 Basic Engine Specification

Configuration 4 cylinder, in-line

Bore diameter 79 .5mm

Stroke 73.4mm

Displacement 1.457 litres

Compression ratio 13:1 nominal

Cylinder block cast iron with integral cylinder bores

Cylinder head aluminium with uni-sided inlet and
exhaust ports.

Combustion chambers HRCC type in cylinder head under exhaust

valve. 1 inlet and 1 exhaust per
cylinder. Single spark plug.
Valve gear ‘ Direct attack with an overhead camshaft.
Inlet valve inner seat dia. 30.5mm

12
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Exhaust valve inner seat dia. 28.5mm
Inlet valve opens 8~ BTDC
closes 52o ABDC
max. lift 9.émm
Exhaust valve opens 52~ BBDC
closes 8° ATDC
max. lift 9.3mm
Fuel system multipoint sequential injection
(See section 2.6)
Ignition system Bosch Transistorised Ignition
Spark plugs Champion BN60Y
Engine management system Ricardo MEC (See section 2.7)

2.4 Inlet System

In order to accommodate the fuel injection system, the carburettor and
intake manifold assembly used during earlier work on the engine were
replaced by the components listed below. In addition, existing bosses on
the cylinder head were machined to permit attachment of the fuel injectors;
machining was also carried out to provide for location of an inlet charge
temperature sensor in the inlet port downstream of the fuel injector.

1 x intake manifold Volkswagen Part No. 067 133 201L
1 x throttle body assembly Volkswagen Part No. 067 133 063K
1 x rubber elbow Volkswagen Part No. 067 133 357
1 x Air filter assembly Volkswagen Part No. 067 133 837F
1 x Air cleaner top Ricardo Part No. 3355-38

1 x Throttle bypass valve Bosch Part No. 0 280 140 107

2.5 Exhaust System

A Volkswagen Passat vehicle exhaust system was used being modified to
incorporate an un-catalysed ceramic monolith. This ensured exhaust back
pressures similar to those likely to be encountered in a US model vehicle
with an exhaust catalyst fitted.

2.6 Fuel System

Fuel was delivered from the tank, via a filter, to a fuel rail by a pump.
The pressure in the fuel rail was maintained at 2.6 bar by a regulating
valve. Excess fuel was routed from the valve back to the tank. Solenoid
operated injectors were sealed to the fuel rail by suitable '0O' rings.

The fuel pump was primarily intended for use with gasoline and was likely

to require periodic replacement when handling 100% methanol. The suppliers
(Bosch) recommend replacement after 100 hours.

13
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The fuel filter was a special component designed to be entirely compatible
with methanol fuel and was supplied by Bosch.

Gates GP80 was used for all flexible pipework. The fuel rail was
fabricated from stainless steel and should therefore be unaffected by
methanol.

A standard production, gasoline, pressure regulator was used. The
suppliers (Bosch) claimed that this component would operate satisfactorily
with methanol.

The fuel injectors specified'were special methancl proof units having the
necessarily high flow rate capacity.

The fuel system comprised the following main components:-

1 x Fuel Pump - Bosch Part No. - B580 112 498

1 x Fuel Filter - Bosch Part No. - B450 024 182

1 x Fuel Rail - Ricardo Part No. -~ 3355-39

1 x Pressure Regulator - Bosch Part No. - 0-280-160-200

4 x Fuel Injectors - Bosch Part No. -  B280-412-372/2 U-895
1 x Location Plate-Injectors - Ricardo Part No. - 3355-40

2.7 Engine Management System

A Ricardo microprocessor engine controller (MEC) was used to control
fuelling, ignition timing and EGR rate. The MEC unit input signals were
provided by the following sensors:

Throttle movement AC Delco Part No. P36-D70603

Engine Speed/Crank Position ‘Orbit Controls Part No. 80D1102

Cam Position/Cylinder Phasing Radio Spares 308-578

Manifold Absolute pressure Bofors Electronics - PT-310JA

Charge Temperature Universal Thermosensors
T15-DKN-310-YP-600

Coolant Temperature Platinum resistance thermometer Type PRT
100 No. P445001

Ambient Temperature Platinum resistance thermometer Type PRT

100 No. P445001

The general principles of operation of the engine management system are
outlined in Appendix 1.

The ignition system comprised of the following production components:

Coil - Bosch Part No. - 1-220-522-011
Ignition Module ‘ - Bosch Part No. - 1-227-022-008

14
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2.8 EGR System

The purpose of the EGR system was to re-circulate modulated quantities of
exhaust gas to the engine air intake. The presence of this largely inert
exhaust gas in the working charge of the engine serves to lower peak
combustion temperatures and so reduce the formation of NOx. Excessive
quantities of EGR can cause an increase in HC emissions and fuel
consumption. It was therefore important that EGR rate be accurately
controlled over the operating range of the engine.

The EGR system used for this work is shown in Figure 4. The basic EGR
circuit was conventional, comprising 10mm bore pipework and a vacuum
operated control valve. The vacuum applied to the EGR valve was modulated
by an electro-pneumatic transmitter. This transmitter was electrically
connected to a control unit which received a voltage signal proportional to
the required extent of opening of the EGR valve from the MEC and a signal
from a linear position sensor fitted to the EGR valve spindle indicated
actual valve opening. The control unit adjusted the vacuum signal produced
by the electro-pneumatic transmitter so that actual opening of the EGR
valve equalled that required by MEC.

EGR control valve - Pierburg Part No. TUKR.7.11l4
Electro-pneumatic transmitter - Pierburg Part No. 7.21.031.00
Control unit - Pierburg Part No. PV12.300

The definition of the Design Specification of the EGR System was reported
in (8).

3. CHARACTERISTICS OF METHANOL FUEL

Several of the properties of methanol are particularly noteworthy regarding
its use as a fuel for spark ignited engines. These are summarised in the
paragraphs below.

It has a high knock resistance; several different values of RON and MON are
quoted in the 1literature, 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, 1is its strong tendency to pre-ignite (9). 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.
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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 when changing from gasoline to methanol operation.

The density of methanol is higher than that of gasocline hence fuel
consumption on a volumetric basis is not as high as might be anticipated by
consideration of its calorific value only.

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 (10), or a
supplementary fuel, such as conventional gasoline, which is used only for
starting (11). 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.

It is well established that methanol has generally a wider mixture strength
‘combustion limit than gasoline. This is largely due to the higher flame
speeds which occur in methanol/air mixtures (12).

Combustion temperatures of methanol/air mixtures are significantly lower
than those occurring in gasoline/air mixtures even when initial mixture
temperatures are equal (13). 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 inhibiting 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 gascoline. The combustion equations for
stoichiometric air/fuel mixtures of the fuels are as follows:

For a typical gasoline -

CH +1.45 (0 + 3.77 N ) CO + 0.9 HO + 1.45 (3.77 N )
1.8 2 2 2 2 2

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

For methanol:

CHO + 1.5 (0 + 3.77 N ) CO +2HO + 1.5 (3.77 N )
Y 2 2 2 2 2

16
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i.e. for every 7.16 moles of air consumed 8.66 moles of product are formed,
a ratio of 1.209.

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 wused in
carburettors. Such corrosion is a particular problem when water is also
present. Some polymers often used as sealing materials may also suffer
chemical degradation or be 1liable to swelling when 1in contact with
methanol.

4. TEST EQUIPMENT

4.1 Test Bed Installation and Instrumentation

The engine was installed on a testbed and coupled to a Schenck W70 eddy
current type dynamometer. Instrumentation was provided for the control and
monitoring of lubrlcatlng 0oil and cooling water temperatures; these were
regulated to 80° ¢ for 0il inlet/water outlet. Inlet air temperature was
measured at the throttle inlet and exhaust gas temperature was measured at
a point about  100mm downstream of the junction of the twin downpipes and
950mm downstream of the exhaust valve. An exhaust gas sample probe was
fitted at the same location. Inlet manifold and exhaust back pressure were
determined using a Druck pressure transducer. Fuel mass flow was calculated
using data from a calibrated volumetric burette, stopwatch and
thermometer. The ignition timing, fuelling and EGR rate were changed and
monitored by the Ricardo microprocessor engine controller. (See Appendix
1I1).

Samples of exhaust gas were analysed using a Ricardo emissions trolley with
the following analysers:

Co, 002, Inlet CO2 Analytical Developments NDIR

NOx . - Thermoelectron Corp. Model 10 chemiluminescent
analyser.
HC - Ratfisch RSH FID fitted with a separate,

heated (120 C) sample line.

%

All HC measurements were converted to a base of ppm carbon before
calculation of brake specific HC emissions.

Servomex paramagnetic type OAZSQ

17
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The FID analyser was calibrated using propane following normal Ricardo
practice and no special allowance was made during the test programme for
the fact that methanol is an oxygenated HC species fuel. (No legislation
currently exists to differentiate between gasoline and methanol HC
measurement methods). The measurements made using an FID instrument are
not mass related, the ionisation indicated depends on the property of the
particular HC species being assessed. Oxygenated HC species result in a
different FID sensitivity and current practice is expected to under
estimate total HC emission by 20-30%.

A Lambdascan instrument was used to give an instantaneous air/fuel ratio
trace during the transient and cold start tests by analysis of the exhaust
emissions. This instrument has a response time of about 300 msec and is
therefore sensitive to rapid changes in mixture strength.

4.2 Test Fuel

All testwork was carried out using methanol fuel. The specification and
other relevant data used during this programme is shown in Table 1.

4.3 pata Processing

Raw testbed data was processed utilising the Ricardo 'in-house' computer
progam EMS. This used formulae taken from the EPA Federal Register Volume
42 No. 174 dated 8th September 1977. This provided correction of full load
performance measurements to 20°C and 760 mmHg using the method described
in (14). Brake specific fuel consumption and exhaust emissions were also
calculated. BSNOx results were corrected to 75 grains/lb humidity using
the EPA correction formula. In order to facilitate comparison of brake
specific fuel consumption, when methanol fuelled this was converted to
brake thermal efficiency by using the calorific value of the fuel noted in
Table 1.

Mixture strength air/fuel ratio, and hence equivalence ratio, was
calculated from emissions data using a method derived by Brettschneider

(15).

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

was used when considering results of dilution tolerance tests.

Volumetric efficiency and brake specific air consumption were determined
from measured fuel flows and the calculated 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:-
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% EGR = Inlet CO., with EGR - Inlet CO. without EGR x 100
< Exhaust CO, wifh EGR

4.4 Reduced NOx Strategy Optimisation

A Ricardo computer program "CONTROL" was used to analyse testbed engine
data on fuel consumption and emissions to enable examination of the
trade-off between exhaust emissions levels and fuel consumption. The
programme also calculates the most fuel efficient equivalence ratio and EGR
strategy to comply with specified sets of emission limits using a simple
'keypoint' drive cycle model. This model can thus identify fuel efficient
strategies for emission reduction to aid initial control strategy
development.

The use of this program is based on a simple cycle simulation which
represents the LAY drive cycle using keypoint operating conditions. Also
required is the response of emissions and fuel consumption for each of
these keypoint equivalence ratio conditions of equivalence ratio and EGR
values. Program output is calculated for the LA4 Urban driving cycle.

Using the engine response characteristics the program is able to derive
control strategies for a range of exhaust emissions each of which is a best
economy solution. In other words for each 1level of predicted exhaust
emissions the control strategy identified is the optimum solution.

However not all strategies are necessarily practical and engineering
judgement may therefore be required to implement a particular strategy to
an engine.

4.5 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 1likely 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 (16) 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
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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 refer to ‘engine-out' exhaust conditions.
The effects of any exhaust after treatment system, such as the oxidation
catalyst to be fitted by EPA for the wvehicle application tests, is not
accounted for.

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.

ii) All engine data used as input is nominally acquired at normal
operating temperatures. In actual 1975 FTIP 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.

iii) Engine testbed data is normally not available under conditions
such as motoring or in the transition area between positive and
negative BMEP. Combustion under these conditions can result in
high levels of HC emissions

(These three 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 has 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. Similarly NOx emissions can be expected to be reduced.

For the vehicle simulation exercises the engine was assumed to be installed

in a Audi 5000 passenger car. The main characteristics of this vehicle
were taken as:-
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Inertia weight 1477 Kg (3250 1b)

Mass weight 1318 Kg (2900 1b)

Transmission manual, 5 speed

Ratios 1 2 3 4y 5
3.6 1.94 1.23 0.86 0.68

Final Drive Ratio 4.78
Tyre rolling radius 0.3m
Polar movement of inertia of':
engine and gearbox 0.18 Kg.mg

driving wheels 1.3 Kg.m

5. ENGINE DEVELOPMENT

The engine was received from EPA in carburetted form. Before installation
on the test bed the engine was stripped down, inspected, modified and
re-assembled in fuel injected form. Inspection of the engine component
parts showed that these were in satisfactory condition.

Once installed on the testbed, the engine was run-in for a period of 8
hours to ensure that it had "bedded in" after the rebuild. The calibration
and operation of the instrumentation was checked before testwork commenced.

5.1 Comparison of A.C. Delco and Bosch/M.E.C. Ignition Systems

The engine was initially installed with the A.C. Delco ignition system as
received form EPA. This was to enable a comparison to be made with the
Bosch electronic ignition unit with which the MEC system is compatible.
Two part-load mixture loops each having different speed and load values
were carried out the results of which are presented in figures 5 to 12.
The test data at both engine conditions shows that the performance with
each ignition system results in very similar levels of thermal efficiency
and exhaust emissions for a particular equivalence ratio. The results also
indicate that the dilution tolerance is unchanged between systems although
there is a trend for the Bosch ignition to result in a lower level of HC
emissions. Ignition timing for MBT was also similar with the exception of
lean operation at the higher speed and load condition where the Bosch unit
resulted in a reduced MBT value.

The conclusion drawn from these tests was that the Bosch system results in
similar ignition performance characteristics and was therefore suitable for
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the project. All further engine test work was carried out using the Bosch
unit.

5.2 Engine Performance Comparison between Correct and Incorrect Injectors

Soon after testwork started in March 1985 it became apparent that the
injectors supplied by Bosch were not able to deliver sufficient fuel for a
full load power curve over the engine speed range. The fuelling rate could
not be maintained above 60 rev and the throttle had to be progressively
closed to maintain a safe air fuel ratio. ’

While Ricardo made repeated efforts to obtain a set of correct
specification injectors from Bosch it was decided to continue with the
part-load testwork so that some reference data could be established for
comparison with correct injectors.

The effects of mixture strength, ignition timing and injection timing on
engine performance were to be investigated as appropriate, at 7 key point
load/speed conditions. These were taken from Appendix I of Ricardo report
(17) and are reproduced below:-

Speed (rev/sec) Load BMEP (bar)
(idle)

These key points (illustrated in figure 13) were derived from the Ricardo
vehicle drive cycle simulation program, CYSIM, as those key point engine
speed/load conditions during which the most significant proportions of
total fuel consumption and exhaust emissions occur.

5.2.1 Full Load Performance

The full load performance comparison is shown in figures 14 - 17. Whilst
it is clear that correct injectors enable full load operation over the
speed range the low speed performance 1is noticeably reduced. This is
because of a change of volumetric efficency which may be attributed to the
change of fuel injection rate. The lower rate injectors would have a
greater potential for charge air cooling because the fuel air mixing times
are approximately doubled. This trend is confirmed throughout the part
load test results, particularly at higher power 1levels, when reduced
manifold air pressure is accompanied by long injection periods.
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5.2.2 Injection Phasing

A comparison of injector phasing sensitivity is shown in figure 18. For
this test the end of injection (E.0.I.) was set at 18 points equispaced
around the 720" cycle, performance and emissions readings being taken at
each point. It can be seen that the HC emission results obtained with the
incorrect injectors show a marked increase from 180° BTDCNF to 180
ATDCNF which is probably due in part to injecting whilst the inlet valve is
open, allowing for a proportion of the fuel to pass directly into the
exhaust system.

The results obtained with the correct injectors show that HC emissions do
not exhibit the same sensitivity to injection timing although the trend
shown is similar with HC emissions increasing over the period of EOI 180 to
5&0 CA.

For both injector types little sensitivity for NOx and fuel consumptlon is
evident although absolute levels are different.

Since little sensitivity was measured with the designated injectors the EOI
timing could be made based on dynamic engine performance considerations.
When applying sequential fuel injection to an engine it is desirable to
inject fuel as late as possible during a cylinder cycle so that the
injected quantity can most closely match that required. EOI timing was
therefore chosen as 30" BTDC on the non-firing cycle, i.e. just before
intake valve opening.

This injection timing was retained throughout the ensueing test work.

These injection phasing considerations are based largely on pseudo-static
considerations. The possibility therefore exists for these considerations
not to hold true during transient engine operation. This may be
particularly relevant with respect to fuel wetting of the intake port
walls, during transients and possibly during cold start operation.
However, transient end of injection timing control is not a feature of the
MEC system, nor is it thought to have been investigated by other workers.

5.2.3 Part Load Performance

The comparison of injector type under part load conditions is shown in
figures 19 to 58 which show the mixture range curves at the seven keypoint
engine conditions together with three ignition timing "sequence" tests.
These results generally demonstrate that with the correct injectors brake
thermal efficiency improves, especially at leaner running conditions, HC
emissions reduce by up to 3 to 4 g/Kw h and NOx emissions increase,
particularly in the range 0.9 to 1.0 equivalence ratio. Another consistent
trend shows the MBT ignition timing to reduce.
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The changes in HC emissions correlate well with those observed during the
injection timing sensitivity tests. However the changes of NOx emissions,
thermal efficiency and ignition timing indicate a change of combustion
characteristics. Such changes have been observed on a number of engines
where fuel injection characteristics have had a marked effect on the
combustion process and whilst this is a recognised phenomenon, insufficient
work has been done in this area to identify the controlling parameters.

5.3 Comparison with Carburetted Engine Performance

The performance of the engine with the correct fuel injectors is compared
in this section with that previously measured by Ricardo on the same engine
when fitted with a carburetter (1).

5.3.1 Full Load Performance

To assess the full load performance the engine was run with wide open
throttle over the speed range with the mixture strength and ignition timing
optimised for best torque at each speed. The results are shown in figures
59 - 62 where it is evident that the BMEP and power is significantly
increased when compared to the carburetted levels. Maximum BMEP increases
from 10.1 to 10.7 bar and peak power at 90 rev/s increases by 8 Kw to 59
‘Kw. The improved high speed volumentric efficiency is due to the improved
intake manifold design possible for a port injected engine while higher
brake thermal efficiency is attributed to better fuel distribution between
cylinders.

The carburetted engine had exhibited little sensitivity to pre-ignition
with ignition timings 10° in advance of MBT possible over most of the
speed range. Although the injected engine could also be run with MBT
ignition over the speed range some sensitivity to pre-ignition was
experienced whilst running, with optimum mixture strengths above 60
rev/sec. This increased sensitivity may be as a result of the higher power
output. To reduce the risk of pre-ignition richer mixture strengths were
utilised at high engine speeds.

5.3.2 Part Load Performance

Direct comparison of the response to mixture strength was possible at a
limited number of part load test conditions where the speed and load values
coincided with those previously used. A comparison of the response to
mixture strength and ignition timing at idle is also made. These results
are shown in figures 63 - 78.

The mixture range loops show improvements in thermal efficiency for the
injected engine, particularly at the low load condition, and these may be
attributed to improved mixture distribution and the direct effect that fuel
injection characteristics have been observed to have on this engine. The
combustion process is certainly changed with ignition timing for MBT
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reduced by up to 10o CA for the injected engine. This indicates a
shorter combustion period, further substantiated with reduced exhaust gas
temperatures. HC emissions 'tend to be lower whereas NOx emissions are
similar at lean mixtures. No significant advantages in lean limit were
measured suggesting that this was not a significant problem with the
carburetted engine under part load conditions. In both configurations the
engine was able to tolerate very lean mixtures, typically to 0.6 ER.
Mixture settings for maximum brake thermal efficiency were also similar to
that with the carburetted engine at about 0.7 equivalence ratio.

The result of a mixture range loop under idling conditions showed the
injected engine to have a very distinct advantage. The tolerance to
dilution was significantly improved and this difference is associated with
fuel preparation. The very low gas velocities predominant under these
conditions can result in poor fuel preparation with a carburetted system.
These results are also significant in the context of oxidation catalyst
application since the idle condition can be set lean of stoichiometric
ensuring oxidation conditions. This would not have been possible with the
carburetted engine without an additional air device. "

The response to ignition timing under idling conditions shows the injected
engine to have little sensitivity to ignition timing with the fuel
consumption varying little more than 2% over a range of ignition timing
from 30O to 5 CA BTDC. HC emissions remained consistently lower than
with the carburetted engine.

5.3.3 Exhaust Gas Recirculation Tests

A description of the EGR control system is given in Section 2.8 and a
schematic layout is shown in figure 4.

For this part of the programme, EGR loops were to be carried out at
equivalence ratios of 1.0, 0.9, 0.8 and 0.7 at each of the 6 part load
keypoint test conditions. The results are shown in detail in figures 79 -
102.

Only a limited amount of EGR work was carried out with the carburetted
engine and a comparison of this is made in figures 83 and 84. These
figures show that at 0.8 equivalence ratio the carburetted engine had
relatively poor EGR tolerance and this was attributed largely to fuel and
EGR distribution problems. EGR tolerance with the injected engine is high,
and up to 30% EGR could be tolerated with stoichiometric fuelling. Over
the equivalence ratio range tested from 1.0 to 0.7, EGR tolerance reduced
as the combined (air + EGR) dilution tolerance of the combustion system was
reached. The exception to this was the tolerance at higher speeds and
loads  where high rates of EGR were not possible because there was
insufficient pressure drop across the engine. This was an . anticipated
limitation which did not affect the final EGR strategy.
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The response of the engine to EGR was considered to be typical for its type
and the results showed that considerable reductions in NOx would  be
possible with little increase in fuel consumption. The interaction between
HC and NOx emissions with fuel consumption at the part load test conditions
is shown in figures 103 to 114. These trade offs exhibit similar trends at
each test condition. For NOx control it is clear that a given level
(g/kWh) of NOx emission can generally be obtained using a number of
combinations of mixture strength and EGR. As expected, strategies with
richer mixtures, and higher EGR rates, result in reduced economy for a
given NOx rate. The HC emission and fuel consumption trade off curves
clearly demonstrate the conflict between HC emission, NOx control and fuel
consumption. The fuel efficient low NOx strategies result in high levels
of HC strategies

The choice of EGR strategy would therefore be dependant on the limits of
fuel economy penalty, increase of HC emissions, and driveability. The
latter could not be assessed during this testbed programme. However, it
was evident that a minimum NOx strategy, predominantly attained by running
with lean mixtures and high EGR rates, would result in very severe
increases in HC emissions often over 100%. This would result in an
unacceptable strategy and a compromise solution between NOx reduction, fuel
economy penalty, HC emission increase and driveability would have to be
"developed.

5.4 Engine Performance Mapping

5.4.1 Best Economy Strategy

The test results from the mixture range tests at the keypoint conditions
indicated that highest brake thermal efficiency was achieved at an
equivalence ratio of 0.7. It was considered, from vehicle experience of
applying control strategies to this engine type (18) that a control
strategy with 0.7 equivalence ratio could be developed in a vehicle for
satisfactory driveability given sophisticated transient fuelling
compensation. Ignition timing would need to be optimum as retard from MBT
has been demonstrated to degrade engine response to an unacceptable level.

The engine was run over the load range at 20, 40, 60 and 80 rev/s to
determine MBT ignition timings with 0.7 ER up to 900 mbar absolute inlet
manifold pressure. Above this, the mixture was progressively enrichened
for full load conditions. The fuelling level and ignition timing required
for each load and speed was entered in a set of MEC maps. Following this
the engine was run with the fuelling 1level and ignition timing
automatically controlled by the MEC to obtain performance and emissions
.readings from which a set of specific performance maps was derived (see
figures 115 - 120).

These results show that the engine control parameters may be precisely
calibrated over the entire operating range of the engine. The equivalence
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ratio map clearly shows this where the desired mixture strengths can be
achieved over the range of operation. This precise calibration results in
efficient engine operation and a maximum brake thermal efficiency of over
33% was achieved. Comparison with the carburetted engine shows measured
improvements of efficiency of up to 10% under low load conditions.

The HC map shows the adoption of lean mixtures and MBT ignition timing
results in high levels of HC emissions under low load conditions. NOx
levels during lean operating conditions, below about 6.0 bar are low,
typically half that achieved with the carburetted EGR version of the
engine. NOx levels peak in the range 7 to 9 bar where fuel/air mixtures
correspond to those for maximum NOx production.

5.4.2 Reduced NOx Strategy

In order to determine an effective strategy for reduced NOx using exhaust
gas recirculation a Ricardo computer program "CONTROL" was used to analyse
the test results from the EGR loops. (A brief description of this program
was given in Section 4.4).

The objective of this analysis was to devise an alternative control
strategy that would result in a maximum reduction in NOx emissions with
minimum penalties of HC emission and fuel consumption. Exploration over
the range of mixture strengths and EGR rates established the operating
envelope shown in figure 121. It is clear from this data that the best
economy strategy already represents a strategy towards the lower range of
NOx emissions possible with MBT ignition timing. Furthermore, there is a
strong link between reducing HC and increasing NOx emissions indicating
that a simultaneous reduction of both is difficult to achieve, and the
direction for minimum NOx is similar to that for fuel consumption penalty
indicating that reduced NOx will result in increased fuel consumption.
This simple keypoint model also indicated that the limits presented by the
test data resulted in a minimum NOx level of about 1 g/mile for the Federal
Test Procedure if MBT ignition timings were used. From this trade-off data
it was decided to pursue a strategy which would result in a minimum NOx
strategy without a significant HC emission penalty i.e. towards minimum NOx
as shown in figure 121.

The °“CONTROL' program enabled the equivalence ratio and EGR rate for the
required strategy to be identified for the keypoint loads and speeds. This
indicated that relatively rich mixtures of 0.8 to 0.9 equivalence ratio,
should be used with high rates of EGR to obtain NOx reduction without
penalising HC emissions. This strategy, using MBT ignition timings,
resulted in a CYSIM NOx level prediction of 1.07g/mile with a level of HC
emissions similar to the best economy strategy. It was evident that a
control strategy with MBT ignition timing would not enable the project goal
of 0.7 g/mile NOx to be achieved. The primary reason for the difficulty in
achieving 0.7 g/mile NOx compliance was considered to be the choice of
vehicle which resulted in a poor power/weight ratio and subsequent high
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engine duty cycle. It was therefore necessary to apply 7O - 10°

ignition retard in the mid-upper load range from 20-60 rev/s in order to
achieve the required level of 0.7g/mile NOx. This strategy resulted in a
reasonable compromise between NOx reduction, HC emissions and fuel
consumption. However, experience has shown that when operating at, or
close to, the dilution tolerance limit of an engine, the use of ignition
retard can result in a significant deterioration of driveability.

Following calibration of the control strategy the engine was then run with
auto fuelling/auto ignition/auto EGR to obtain performance and. emission
readings from which the Reduced NOx strategy specific performance maps were
derived (see Figures 122 - 128).

These Figures show that up to 15% EGR is used under medium load conditions
and part load equivalence ratios are in the range 0.8 to 0.9. Brake
thermal efficency was slightly reduced with the maximum reduced by 2% to
31%. Comparison of the maps shows that at low load conditions significant
reductions have been achieved but increased HC emissions are evident at
higher loads. Conversely NOx emissions are somewhat increased at low load
conditions although they remain at a low absolute level but are very
significantly reduced in the medium to high load range where the peak NOx
level of 12 g/kW h is reduced to 2 g/kW h over the range of engine speed
‘using during the FTP drive cycle.

5.5 Development of Transient Fuelling Strategies

Conventional practice is to carry out the development of transient fuelling
strategies with the engine installed in the vehicle and utilising a chassis
dynamometer. This is to enable driveability to be assessed in addition to
modifying the fuelling characterisics to give smooth mixture strength
transitions. However, the testwork with the engine installed in the
vehicle was to be carried out by EPA and was not part of the test programme
at Ricardo. It is expected therefore that further development of the
control strategy maps would be required with the car on the chassis
dynamometer and on the road to achieve the desired driveability and
emission characteristics.

In order to simulate transients on the test bed, moveable "stops" were
fitted to the throttle actuator so that the engine load could be rapidly
changed from one known test condition to another. Tests were conducted at
20, 30, 40 and 50 rev/sec with several different load increments. Throttle
movements were rapid with a transition period of typically 0.2 s. This
type of 1load transition is most demanding on the control system and
experience has shown that the needs of slower transitions are also
satisfied. The instantaneous exhaust air/fuel ratio was measured by a
Lambdascan instrument and displayed on a chart recorder. The test
conditions chosen were representative of those experienced during the LAY
drive cycle. Modifications were made to the "H" "C" and "K" maps in the
MEC (see Appendix 2 for definition) so that a smooth transition in
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equivalence ratio was achieved when "accelerating" from one test condition
to another. The objective being to avoid rich or lean mixture excursions
from those defined during the steady state calibration.

Examples of the transient performance of the engine whilst on the test bed
are shown in figure 129.

The transient fuelling algorithm in MEC is based on a manifold wall wetting
model (19). The model shows us that the fuelling compensation required
during an acceleration is mathematically the reverse of that required
during a deceleration. The results clearly show that having optimised
transient fuelling during the acceleration the control of fuelling is
equally well defined. The limit on deceleration fuelling control is that
negative fuelling rates are not possible so that some rich excursions may
be experienced under certain operating conditions.

5.6 Development of Cold Start Strategy

The *X' map in the MEC enables compensation to be made to the fuelling and
EGR rates for cold starting and warming up by sensing the coolant or inlet
manifold temperatures. The objective of the warm-up control strategy
development is to maintain driveability with minimum fuelling and emission
penalties.

A throttle bypass valve was fitted to the engine to bleed air past the
throttle to compensate for the increased idle air required under cold
running conditions. This valve is sensitive to engine temperature and also
has internal heating thus giving a time and temperature control regime.

Because of the location of the fuel injector close to the inlet valve it
was not anticipated that the provision of evaporative devices would be
either practical or necessary to achieve satisfactory starting
performance. The intake of liquid fuel and the high compression ratio was
expected to result in adequate cold start behaviour down to moderate
temperatures. Experience with the engine showed this to be the case and
although it was not possible to carry out starting tests under very low
. 0
temperatures adequate performance was evident down to 10°C.

The development of a cold start and warm-up strategy is dominated by the
requirement for driveability. The additional transient fuelling
compensation is predominantly required to account for the larger amounts of
liquid fuel in the intake manifold and this can be compensated for using
the transient fuelling strategy. However, this type of development is not
readily carried out on a test bed and although cold start and warm-up
strategies have been implemented for the methanol engine it is anticipated
that this will be an area of significant further development during the
vehicle application stage.
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The steady state fuelling has been calibrated to be about stoichiometric
immediately following a cold start and a trace of air/fuel ratio with time
following a cold start is shown in figure 130.

EGR is not required during the initial stages of the warm-up period since
NOx 1levels are low and EGR tolerance is poor at low temperatures. A
strategy for the gradual introduction of EGR above a water temperature of
40°C has been implemented. This strategy will also require verification
and development during the vehicle application.

5.7 Overrun Fuelling

The use of port fuel injection facilitates overrun fuel cut off enabling a
fuel saving and HC emission reduction under these conditions. This
strategy is commensurate with an oxidation catalyst approach. Both best
economy and reduced NOx control strategies have been calibrated using
overrun fuel cut off as shown in appendices 3 and 4 where this condition is
indicated by OVRUN on the fuelling maps. This instruction causes a step
change of fuelling level ensuring that intermediate air/fuel ratios are not
encountered by the engine. Conversely the demand for engine power will
result in a step increase of fuelling to the desired level. Clearly this
is a further area where driveability and transient fuelling optimisation
‘'may require further development.

5.8 CYSIM Simulation

The two strategies developed for the engine were entered as data to the
CYSIM drive cycle program. The vehicle details were for the Audi 5000
vehicle as described in Section 4.5. These results are summarised in Table
II for the FTP LA4 drive cycle and are compared with the following:-

Simulation No.

1 and 2 The carburetted version of this engine when fitted to a
VW Rabbit vehicle.

3 and 4 The current (injected) engine fitted to a VW Rabbit
vehicle.
7 Audi 5000 diesel engine vehicle.

The results show the fuel injected methanol engine to exhibit a significant
economy advantage over the carburetted engine even when fitted in an Audi
5000 vehicle which has a much higher inertia weight than the VW Rabbit
vehicle.

The NOx emissions reduce by 0.8 g/mile in the VW Rabbit vehicle when

changing from carburettor to injected fuelling. There is however a penalty
0.5 g/mile NOx if the injected engine is fitted in the Audi 5000 vehicle.
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The EGR strategies exhibit the same trend in NOx emissions and fuel
consumption as those outlined above for the 'Best Economy' strategies. The
injected Audi 5000 maintains a fuel economy advantage over the carburetted
Rabbit vehicle.

It should be noted that the results for the injected VW Rabbit vehicle are
not representative because the control strategies were optimised for the
Audi 5000 wvehicle. The change of wvehicle weight would require
re-optimisation of the engine control strategy since different engine
speeds and loads are used.

The comparison of the diesel engine vehicle shows this to have low HC
emissions but NOx emissions indicate that optimisation of the control
strategy and/or EGR is required. A comparison of the fuel consumption
shows the methanol concept to be favourable.

The acceleration times shown in Table II are also derived from the CYSIM
program and are calculated as follows:-

The engine torque curve and the speeds between which the acceleration time
is required are entered into the program.

Acceleration = Fw
m
where Fw = force applied to the road by the driving wheels
under the prevailing conditions.
m = vehicle mass

The program calculates the force to accelerate the vehicle starting at the
driving wheels and allowances are made for tyre slippage, efficiency losses
in the final drive and gearbox, vehicle drag and engine and wheel inertia.
Working in one second increments the program calculates the required engine
~speed and torque for acceleration. The program iterates to match the
required force to the torque available from the engine under the prevailing
conditions. If the engine speed rises above the set limits the next gear
is selected. The program finally calculates the acceleration time between
the given vehicle speeds.

The acceleration times for all three vehicles are thought to be pessimistic
due to the fact that the CYSIM program cannot model clutch control and
wheelspin at the start of the accelerations. This means that maximum
torque cannot be applied during this period.

The CYSIM calculated acceleration times for the methanol injected version

of the engine are also compared in Table II. These show that there is a
significant advantage if the engine is fitted in a VW Rabbit vehicle rather
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than the Audi 5000 vehicle for both O - 50 and 30 - 50 mph accelerations.
However, the Audi 5000 vehicle still retains a distinct advantage over the
diesel engined Audi 5000.

5.9 General Engine Condition

Previous work with the carburetted version of the engine had shown the
tolerance to running with methanol to be satisfactory with no areas for
major concern identified. This situation remained for the fuel injected
engine development phase. ‘

The limited area of the intake port exposed to methanol was inspected
following the engine development phase to show that there were no deposits
attributable to the use of methanol fuel. ;

The major differences between the engines are in the fuel handling system
and this is where some problems were encountered. Those components
specified as methanol proof i.e. fuel filter and fuel pressure regulator
have performed as such through the project with the engine development
period spanning more than 1 year with a 6 month break in between. Some
fuel injector failures were encountered but subsequent analysis by Bosch
has revealed that these were due to corrosion of the coil wire. Since this
area is not normally in contact with methanol the failures are not
associated with the use of methanol and as such are unexplained. The fuel
pump was recognised as having a limited life and was replaced at intervals
of about 3 months. Failure was not encountered during the test programme.

6. SUMMARY OF ENGINE DEVELOPMENT WORK

The Bosch/MEC ignition system was shown to result in similar performance
compared with the A.C.. Delco ignition system and was adopted for the
subsequent engine development program. This result showed that the high
energy ignition system previously used did not offer any significant
advantage to the methanol engine concept.

Compared with the carburetted engine the injected engine has a much reduced
ignition requirement at part load by 6 to 10 degrees with reduced HC
emissions and higher brake thermal efficiency. Some of these differences
were evidently directly due to the mechanism of fuel preparation since the
engine was shown to be sensitive to fuel injection rate and timing.

At full load the changes to mixture preparation, fuel distribution and
intake manifold geometry led to a significant improvement in BMEP above 50
rev/s and an increase in brake thermal efficiency of 2.5% over the speed
range. Volumetric efficiency is however some 5-8% lower at 20 to U0 rev/s
because the manifold geometry favours high speed running.
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Pre-ignition was encountered whilst running at optimum mixture strength
above 60 rev/sec at full 1load. This caused slight damage which
necessitated fitting a new piston. This was an unforseen problem as test
work with the carburetted engine had indicated that the engine could be
over advanced by up to 10O CA before encountering preignition when BN-60Y
sparking plugs were fitted. Richer mixtures were later used to prevent
reoccurance of pre-ignition.

The mixture strength for best economy without significant HC emissions
penalty was generally found to be at an equivalence ratio of 0.7 and this
mixture strength was used for the "Best Economy" maps. This equivalence
ratio was the same as that established as optimum for the carburetted
engine but maldistribution and lack of adequate transient fuelling control
meant that this lean potential could not be utilised. This was not the
case for the injected engine so that the full potential of the engine
concept could be realised in the vehicle application. The result of this
was a fuel economy improvement of 18% despite the increase of vehicle
weight from 2500 to 3250 1lbs.

A second control strategy, using EGR and 6-10° ignition timing retard was
identified to reduce the NOx emission level below that obtained with best
economy and comply with the project objectives of less than 0.7 g/mile
NOx. The control strategy optimisation showed that NOx emissions could be
reduced by 62% with an insignificant increase of HC emission by selecting a
suitable strategy for EGR, mixture strength and ignition timing. This
strategy increased predicted fuel consumption by a penalty of 6%. It was
felt that the low vehicle power/weight ratio, which at about 43 kw/tonne is
well below that typical of current gasoline engine vehicles at 50 to 60
kw/tonne, combined with lean air/fuel mixtures, EGR and ignition retard
would result in a vehicle concept whose driveability may be unsatisfactory.

Simulation of engine transients was carried out on the test bed by
actuation of the throttle lever between "stops". A smooth transition
between engine loads was achieved by calibration of the MEC maps. It was
well recognised that it was not possible to fully calibrate transient
engine performance on the engine testbed and further development of engine
transients would be required when the engine is fitted to the vehicle by
EPA.

The engine "cold start strategy" was set up to enable an unaided start to
be achieved at an ambient temperature of 10°C. Tests were unable to be
conducted at lower temperatures because the test cell had no cooling
facility. Initial strategies for warm-up compensation and modulation of
EGR rate during the warm-up phase were also devised using testbed data and
Ricardo experience gained from similar applications. Again this area is
recognised as one where further development during the vehicle phase will
be required.
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The condition of the engine and fuel handling equipment indicated that
adequate tolerance to methanol was evident. The intake system was free of
attributable deposits.

7. CONCLUSIONS

The application of electronic sequential fuel injection and electronic
engine management to the optimum engine for methanol utilisation was
successfully carried out during this project. :

The effect of fuel injection was to improve the engine performance when
compared to that previously obtained with the carburetted version of the
engine. At full load maximum BMEP increased by 6% and peak power output by
16%, however some increased sensitivity to pre-ignition was evident. Under
part load conditions brake thermal efficiency increased and HC emissions
reduced. The engine was noted to be sensitive to fuel injection
characteristics such as fuel injection rate.

The part load vehicle calibration for best economy was able to be carried
out at a leaner mixture strength than that of the carburetted engine, 0.7
'ER, instead of 0.8 ER due to improved mixture preparation and distribution
with sequential fuel injection, as well as the sophisticated transient
fuelling control possible with the Ricardo MEC unit.

The .use of alternative mixture strengths mapped EGR and ignition retard
showed that a control strategy was possible to enable NOx emissions to be
reduced by 62% without a significant HC emission increase and a fuel
economy penalty of 6%. This control strategy was considered to be
representative of what could be achieved for a 32501b vehicle over the LAY
drive cycle. The vehicle results were predicted as

Methanol
HC NOx (610) Fuel consumption
g/mile miles/US gallon
Best economy strategy 1.92 1.75 3.37 16.3
Reduced NOx strategy 1.82 .67 14.52 15.4

The selection of vehicle by EPA for application of the methanol engine
resulted in a poor power/weight ratio and this may result in poor vehicle
driveability compared to that typical of current automotive practice.

Transient and cold start strategies were carried out on the test bed and
were set up so that unaided starts at an ambient temperature of 10 C and
smooth transitions of air/fuel ratio between engine loads were achieved.
It was recognised that some modification of the transient and warm-up
strategies will be necessary to optimise driveability when the engine is
installed in the vehicle.
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The condition of the engine and fuel handling equipment following the test
programme indicated satisfactory tolerance to methanol.

8. RECOMMENDATIONS FOR FURTHER WORK

1. Following installation in the vehicle the cold start, warm-up and
transient fuelling strategies should be verified and developed for
driveability. The warm-up EGR strategy should also be developed.

2. The performance of the engine and control system when fitted in the
Audi 5000 vehicle with a suitable oxidation catalyst should be
assessed.

3. The engine concept has been shown to be particularly sensitive to fuel
injection characteristics. Further investigation of fuelling
characteristics should be carried out to investigate the potential.

4, The cold starting characteristics at very low temperatures should be
evaluated including the need for any heating devices, and fuel spray
patterns.

5. The methanol engine should be applied to a more suitable vehicle and
the control strategies reoptimised.

6. An investigation into the affects of modulation of end of injection
timing control during engine transients and cold start operation should
be carried out.

9. REFERENCES

1. OPTIMUM ENGINE FOR METHANOL UTILISATION
EPA-460/3-83-005 April 1983

2. Overington, M.T. and Thring, R.H.
GASOLINE ENGINE COMBUSTION - TURBULENCE AND THE COMBUSTION CHAMBER
(SAE 810017)

3. Overington, M.T. and Thring, R.H.
GASOLINE ENGINE COMBUSTION - COMPRESSION RATIO AND KNOCK
(VW Conf. on “vnocking of Combustion Engines', Wolfsburg 1981).

4. Thring, R.H. and Overington, M.T.

GASOLINE ENGINE COMBUSTION - THE HIGH RATIO COMPACT CHAMBER
(SAE 820166).

35



10.

11.

12.

13.

14,

15.

RIARCO

CONSULTING ENGINEERS

Overington, M.T.

HIGH COMPRESSION RATIO GASOLINE ENGINES AND THEIR IMPACT ON FUEL
ECONOMY

(Automotive Engineer, Feb/March 1982).

Collins, D. and Mears, C.R.
HIGH COMPRESSION LEAN BURN ENGINES FOR IMPROVED FUEL ECONOMY AND LOWER
NOx EMISSIONS

(US-Dutch Internal. Symp. on Air Pollution by Nitrogen Oxides,
Maastricht 1982).

de Boer, C.D.

THE RICARDQ HRCC COMBUSTION CHAMBER APPLIED TO A MULTI-CYLINDER ENGINE
AND VEHICLE

(Ricardo Internal Report DP 83/111, 1983).

ELECTRONIC SEQUENTIAL FUEL INJECTION SYSTEM TASK IV - DEFINITION OF

- DESIGN SPECIFICATION OF EGR SYSTEM.

(Ricardo DP 85/502)

Downs, D.

AN EXPERIMENTAL INVESTIGATION INTO PREIGNITION IN THE SPARK IGNITED
ENGINE

{Proc I.Mech.E (AD) 1950-51).

Menrad, H., Decker, G and Weidmann, K.
ALCOHOL FUEL VEHICLES OF VOLKSWAGEN
(SAE 820968} .

Menrad, H., Lee, W., and Berhardt, W.
DEVELOPMENT OF A PURE METHANOL FUEL CAR
(SAE 770790) .

LoRusso, J.A. and Tabaczynski, R.J. ,
COMBUSTION AND EMISSIONS CHARACTERISTICS OF METHANOL, METHANOL-WATER
AND GASOLINE - METHANOL BLENDS IN A SPARK IGNITION ENGINE

(Proc. 11th Intersoc, Energy Conv. Eng. Conf. 1976).

Hagen, D.L.
METHANOL AS A FIEL: A-REVIEW WITH BIBLIOGRAPHY
(SAE~T70792)

DIN 70020
VERBRENNUNGKRAFTMACHINEN FUR KRAFTFAHRZEUGE

Brettschneider, J.

BERECHNUNG DES LUFTVERHALTNISSES VON LUFT-~KRAFTSTOFF~GEMISCHEN UND DES
EINFLUSSES VON MESSFEHLERN AUF

(Bosch Techn. Berichte 6, 1979).

36



16.

17.

18.

19.

RIARDCO

————

CONSULTING ENGINEERS

Green, R.P.
USERS GUIDE FOR THE CYCLE SIMULATION PROGRAM CYSIM
(Ricardo Internal Report DP 81/1163, 1981).

PREPARATION OF DESIGN DOCUMENTATION AND TESTING PROCEDURES FOR AN
AIR/FUEL METERING SYSTEM
DP 85/141

L.C. van Beckhoven, R.C. Rijkeboer and P. van Sloten

AIR POLLUTION BY ROAD TRAFFIC - PROBLEMS AND SOLUTIONS IN THE
EUROPEAN CONTEXT.

SAE 850387

S.D. Hires, et. al.

TRANSIENT MIXTURE STRENGTH EXCURSIONS - AN INVESTIGATION OF THEIR
CAUSES AND THE DEVELOPMENT OF A CONSTANT MIXTURE STRENGTH FUELLING
STRATEGY

SAE 810495

37



RIARBO

CONSULTING ENGINEERS

TABLE I

FUEL SPECIFICATION

METHANOL (BS 506:1966)

Appearance Clear, colourless, free from suspended matter
and sediment.

Relative Density % 15.5/15.5°C 0.798 - 0.795

18P°C >64.5

95% % °C <65.25

FBP°C <65.5

Water Content : <0.5% by weight (measured - 571ppm)
"Aldehydes and Ketones <.015% by weight, as acetone
Alkalinity <.0005% by weight, as ammonia
Acidity N <.003% by weight, aé formic acid
Sulphur and Sulphur Compounds <.0001% by weight, as sulphur

Composition % by weight

Carbon , 37.5

Hydrogen » 12.5
Oxygen 50.0

Octane Quality (from literature)

RON 104-114
MON : 87-97
Stoichiometric Air/Fuel Ratio 6.46
Measured Calorific Value kJ/kg 19940

Latent Heat of Vaporisation kJ/kg 1100
(from literature)
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TABLE 1T

PREDICTED FTP LA4 RESULTS USING CYSIM

DRIVE CYCLE SIMULATION PROGRAM*

Note: VW Rabbit - 2500 lbs inertia weight
Audi 5000 - 3250 1bs inertia weight
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HC NOx CO miles/US gal. Accel.time
g/mile (secs)
Gasoline 0-50 30-50
Methanol/ Equivalent mph
Vehicle/Engine/Strategy
1.VW Rabbit/Carb/0.8 ER 1.61 2.07 1.17 13.85 28.61
2.VW Rabbit/Carb EGR 1.35 0.98 1.75 14.76 30.49
3.VW Rabbit/Injected/0.7 ER 1.95 1.29 3.35 16.84 34.80 15.0 9.1
4.vW Rabbit/Injected/EGR 1.70 0.59 8.77 16.48 34.05 15.0 9.1
5.Audi 5000/Injected/0.7 ER 1.92 1.75 3.37 16.30 33.68 18.0 11.0
6.Audi 5000/Injected/EGR 1.82 0.67 14.52 15.40 31.82 18.0 11.0
7.Audi 5000/Diesel no EGR 0.11 2.15 - - 32.85 22.9 14.4
*. Steady state simulation - no cold start adjustment
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ENGINE CONTROL STRATEGY DEVELOPMENT
USING THE RICARDO MICROPROCESSOR
ENGINE CONTROL UNIT

C.A. CLARK & C.D. de BOER

ABSTRACT

The advent of electronic management systems for the control of internal
combustion engines requires a systems approach to engine and control unit
design. To augment its traditional expertise in the field of internal combustion
engine design and development, Ricardo have developed a Microprocessor
Engine Controller (MEC) for the development of engine control strategies.

Emphasis has been placed on producing a unit capable of accepting a large
number of control input variables and a wide range of possible control outputs.
The unit can thus be used to control fuelling, timing and/or EGR rates on both
diesel and gasoline engines.

An ergonomic user interface allows the ready modification of control parameters
during engine running both on the test bed and in the vehicle and these can be
retained within the unit's non-volatilte memory for later examination by the test
engineer.

Paper to be presented at the International Symposium on Automotive Technology
and Automation - ISATA - Cologne, 19-23 September, 1983.
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ENGINE CONTROL STRATEGY DEVELOPMENT
USING THE RICARDO MICROPROCESSOR
ENGINE CONTROL UNIT

1. INTRODUCTION

Engine development has traditionally been a relatively
slow process where innovation and change has taken
some time 1o permeate through the process of design,
development and manufacture. In the last five years,
however, a dramatic change has taken place in the
area of electronic control for gasoline engines particu-
larly in the USA but also in Japan and Europe. This
change has been iargely driven by emissions and fue!
economy legislation but recently great interest has
been shown in applying this technology to new areas
including diesels and drive train control. Such trends
mitigate against a traditional sub-assembly approach
to automotive engineering and suggest thatin future a
systems approach will need to be applied as each
constituent of the vehicle is inter-connected via the
electronic control unit. Whether the electronic control/
display function is carried out -centrally or in an
arrangement using distributed computing elements,
remains to be debated. The impact of these changes
needs to be embraced at virtually every stage of the
conception, design and production of the automotive
system.

Ricardo are well known for their involvement in the
research, development and design of internal com-
bustion engines and in order to fulfil this role with
future generations ot automotive and off-highway
applications of internal combustion engines, have
developed an in-house Microprocessor Engine Con-
troller (MEC). This is intended to provide Ricardo and
client funded projects with the means to evaluate the
impact of electronic control on areas of interest in a
given system and to arrive at a production strategy
where necessary. The Ricardo MEC provides a cost
effective means of evaluating the benefits of engine
management systems without the large cost associ-
ated with the development of the electronic control
system itself,

2. DESIGN PHILOSOPHY

2.1 Overview

Ricardo have traditionally been active in research and
development of both diesel and gasoline engines. The
control device produced thus had to be suitable for
application to both engine types and also t0 a wide
number of variations within these broad classifi-
cations. This is conceptually not difficult to achieve as
the basic requirement of a system into which some
input variables are fed, and by means of which some
dependent variables are derived, is common to all
engine types. However, care has to be taken that a
wide variety of input and output sensors can be
catered for with the minimum of extraneous condition-
ing hardware. For example, intake manifold pressure
may well be chosen as a signal with a dependence on
load for the gasoline engine but in non-throttled diesel
engines the load dependant signal must be derived in
some other manner. In view of this a unit was designed
with a variety of possible input parameters to cover not
only analogue voltages and on-off digital inputs but
also to allow frequency and time parameters to be
measured.

2.2 Basic Strategy Implementation

The basic engine control strategy is based on the
framework of a series of two-dimensional maps, there
being at least one two-dimensional map for each
controlled variable. These maps have for their axes
engine speed and a load dependent variable. The
maps can be dimensioned to facilitate varying require-
ments. Initiaily, the maps have been arranged as a9 by
10 load/speed matrix. The matrix resolution can be
modified readily in software and could be increased
by a large factor it this was considered necessary. The
required controlled ouptut is then derived by a series
of linear interpolations based on the actual speed and
load values as measured at a given time. Initially the
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unit is being applied to the Ricardo family of research
engines based onthe VW 1.6 litre engine and manifold
pressure has been selected as the load dependant
variable, although other suitable variables such as air-
flow could easily be accommodated if desired.
Correction factors for temperature and transient
speed and load conditions are applied to these basic
maps. This is an area of considerable interest and
room for flexible transient controi strategies has been
accommodated in the design of the unit. Currently
transient fuelling strategies have been implemented
for both single and multi-point injection systems on
this family of gasoline engines.

2.3 The Control Element

The system is primarily aimed at a research and
development role, the hardware and techniques used,
however, are intended to typify the principle of
approach being used in the automotive industry. The
Texas Instruments TMS9995 microprocessor, a
modern, fast 16 bit processor, was selected as the
control element for the MEC unit. This provides the
capability of implementing complex control strategies
and additional operator features to enable the user to
inspect system variables.

2.4 Operator Facilities

The user interface presents the operator with both
measured parameters and the derived values being
delivered to the engine in engineering units. Con-
tinuous updates of speed, manifold pressure and
engine temperatures are provided as is a display of
the primary controlled variables of ignition timing and
fuelling levels. For testbed operation a conventional
visual display unit is used but in order to provide this
facility in the vehicle a custom display unit has been

installed in the console to enable the parameters to be
monitored.

Fromthe outset it was considered important to provide
a means of altering the maps whilst the unit was
actually controlling the engine. In order to achieve this
the user may alter individual map entries, areas of the
map, or the complete map by means of the visual
display unit keyboard. The software for the unit is
based on a real-time, multi-tasking, operating system
which enables the modification of the maps to be
carried out whilst the main function of controlliing the
engine is maintained. This feature enabies develop-
ment of empirical features, such as driveability, to be
developed in the vehicle outside the laboratory. In
order to benefit and retain the modifications
developed in this manner, a facility has been in-
corporated to retain the maps in non-volatile Elec-
trically Erasable Programmable Read Only Memories
(EEPROMs) for later utilization and analysis.

The operator may select (in the software) any of the
control variables, such as fuelling, to be output as an
analogue signal. Four such channels are presently
available and provide a powerful development tool
when optimizing transient strategies. The analogue
signal ports may alternatively provide a closed-loop
engine control facility such as idle speed control. In
this mode the control data is derived from engine input
variables and the look-up and modify routines
described earlier.

Inaddition a ‘hold’ facility enables the operator to store
the engine operating condition for any given cycle.

This facility is useful in locating intermittent driveability -

problems which may subsequently be analysed or
reproduced from the knowledge of the engine con-
dition.

Knock Sensing etc.
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Fig.2 Microprocessor Engine Controller General Installation Scheme

2.5 Knock Capability

To enable maximum utilization of fuel gquality to be
achieved it was considered important to include a
system of knock control. Signals from a knock sensor
are used as a further control variable to modify engine
control parameters.

3. IMPLEMENTATION

3.1 Hardware

The system consists of a ruggedized box and three
basic circuit cards. Fig.1 shows the overall system
layout within the MEC unit and the inter-relation
between the boards.

3.2 Central Processing Unit

The Central Processing Unit (CPU) card is based upon
the Texas Instruments’ TMS9995 processor. Running
on a 12MHz crystal this provides the computing
requirement for the whole MEC unit. The CPU card
also contains 16KB of Random Access Memory
(RAM) for variable storage and program workspace,
24KB of Erasable Programable Read Only Memory
(EPROM) for program and initial map storage and
12KB of EEPROM for retention of maps. The latter
provides the capability of storing up to 88 different
ignition, fuelling or EGR maps within this non-volatile,
alterable medium.

3.3 Interface Board 1

The board contains all necessary circuitry to interface
the processor to the conditioned engine inputs and
outputs. At the heart of this board there is a TMS9921
automotive control element. This chip contains the
necessary logic elements to measure speed and to
provide the pulse outputs required for fuelling and
timing. Analogue to digital conversion is provided in
the form of a 16 channel 12 bit conversion system. To
complement this, four channels of 12 bit D/A con-
version are also provided. Accuracy of conversion is

greater than needed for a production unit but provides
-a means of measuring and controlling accurately the
input and output parameters. The manifold pressure
signal contains cyclical variations and in order to
average these the signal is fed into a voltage to
frequency converter. This output is then counted over
one engine cycle. As the engine speed is known the
counter reading can then be translated into a real
pressure value. In this manner an instantaneous
average of the manifold pressure is obtained without
the attendant delay associated with a conventional

filter arrangement.

3.4 Interface Board 2

This board provides the necessary signal condition-
ing for the actual transducers used on the engine.
Currently this includes a variety of inductive, Hall effect
and other proximity type detectors, platinum resist-
ance and thermocouple conditioning and piezo-
resistive element excitation and ampilification. The
board also has a generous prototyping area for
conditioning other sensor inputs, for example the
recent trend towards instrumented needle lifton diesel
injectors as a measure of fuelling/load could easily be

accommodated.

The unitis then completed by a series of injector drive
units for gasoline engine applications and power
supply modules to derive the necessary supplies from

a vehicle battery.

3.5 Software

The software is based around a multi-tasking, real time
operating system, already used in-house for a variety
of other real time tasks. The system provides the ability
to split the control and monitoring into a variety of
separate programs or tasks. These tasks can then be
tested independently. An efficient task scheduler
ensures that the tasks which have the highest priority
are serviced firstand uses the rest of processortime to

service tasks where timing is less stringent.
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4. TEST EXPERIENCE

4.1 Initial Objectives

Application of the MEC unit to the Ricardo research
gasoline engines was a prime consideration. The
system is thus capabie of providing ignition timing,
fuelling control and EGR rate modulation. The unit
also has the capability of operating a cold stan
enrichment strategy.

As control of engines employing the High Ratio
Compact Chamber (HRCC) combustion system was
contemplated, the inclusion of knock detection was
considered important.

4.2 Testbed Use

The MEC unit was first tested on a 1.61 VW engine
installed on a testbed. The cylinder head was adapted
to take mulli-point injection equipment and the
existing ignition modified for use with electronic
control. The engine was then optimized for fuelling
levels and ignition timings and the values so derived
were input into the MEC unit. Subsequent testing of
the unit's performance indicated that it produced the
optimum fuelling and ignition timing. The unit func-
tioned reliably and repeatably. Examination of the
processor timing function indicated thatthe TMS9995
was only 12-15% utilized at 6000 rpm.

4.3 Vehicle Evaluation

Subsequently the unit has been evaluated in a vehicle
using a similar engine. Apart from some installation
problems the unit has proved satisfactory in operation.
The facility for modifying the fuelling and ignition map
values whilst in the vehicle has proven invaluable in
improving driveability, fuel economy and emissions
performance.

5. FUTURE EXPLOITATION

Future exploitation of MEC is based on the capability
designed into the unit. The ability to monitor a large
number of functions, whether these be engine based
or elsewhere, together with the powerful, high speed,
computing capability, allow a wide spectrum of
applications to be undertaken.

Conventional engine parameter control through the
use of look-up tables is enhanced by the software
based modifying facility. The capacity of the system is
such that many additional parameters may be con-
trolled using the engine speed and load as a basis.
EGRis an obvious candidate but the control of engine
auxiliaries, such as turbocharger waste-gate or
cylinder disabling, are readily applied.

The flexibility of the system as a deveiopment tool
means that its application is not confined to purely
electronic based systems. Based on the engine input
parameters the MEC can be programmed to emulate
mechanical systems. Changes in design can be
readily accommodated in the software and the effects

on engine running determined without the need for
manufacture of prototype mechanical components,

The ‘drive-by-wire' concept, where the direct control of
the engine is replaced with an electronic link between
driver and the engine offers many potential advan-
tages. In terms of engine transient control the need for
costly, high speed transducers and complex compen-
sation routines is removed when the engine controller
is in full control of the transient. The potential is there
for reduced fuel consumption and emissions. Add-
itional features such as cruise control may be readily
incorporated. However, it is in the field of engine and
transmissions matching where significant advances
are currently being made. The need to match the
demands of the engine and transmission to that of the
driver is a complex situation where a system such as
the one developed by Ricardo can provide a poweriul
development and diagnostic tool.

Further work is proposed into the development of EGR
strategies on both gasoline and diesel engines and
into advanced knock detection mechanisms.

6. CONCLUSIONS

Ricardo have developed a Microprocessor Engine
Controller for the development of engine control
strategies. The unit can be applied to both gasoline
and diesel engines and is well suited to testbed and in-
vehicle use.

The system has demonstrated its ability to be an
effective tool in engine development and has illus-
trated its capability to act as an engine controller to
implement complex contro! strategies.

CAC/CDdeB
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SUMMARY

This is the user manual for the Microprocessor Engine Controller (MEC).It
supersedes Ricardo DP 84/1193. The manual outlines the purpose and
function of the MEC. The use of the MEC maps to control engine fuel,
ignition advance, etc, is described.

INTRODUCTION

Ricardo have developed a versatile Microprocessor Engine Controller
(MEC) for use specifically as a tool in the development of engine
control strategies.

The strategy operates by defining the ignition advance and fuel injector
pulse length given engine speed rev/s and manifold absolute pressure (MAP).
Several temperature inputs (ambient, inlet manifold, and coolant) are used
to modify certain derived variables in the strategy during warm up
periods. Further details of the system hardware configuration and control
strategies for fuelling and ignition are presented in Figures 1 to 6.

The control strategy structure is fixed, but is tunable by ten maps (of 10
by 10 elements). The elements of these maps may be individually edited.
Permanent or temporary offsets may also be added to every element of the
specified map.

The state of MEC can be constantly displayed on a Lear Seagler ADM 5 or
ADM 11 terminal. A trace of input and output variables may also be
stored in volatile memory, and subsequently retrieved for display. The
required changes to maps are also made via the terminal.

Since the original manual (DP84/1193) was written the details of the
use of the "X MAP" have changed and EGR control has been added. This
revision of the manual relates to the MEC software revision 2.8.3.

MAP ACCESS

The 10 by 10 maps are accessed by using the two input values as indexes
(after normalisation), such that a block of four map values are
identified as surrounding the true 'map operating point'. The map

output is then computed by linear interpolation within this block.

The temperature compensation coefficients in the X map are also
linearly interpolated between adjacent defined values.
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3. MAP UNITS
Map Name

Steady State
Fuel

Idle Fuel

Exp. Impulse
Height

Idle WW height
Exp. Impulse
Time Constant
Throttle Angle
Derivative
Advance Table
Idle Ignition
Map

EGR valve

Horizontal Axis

Character para,units,range

rev/s,-, 20-100

rev/s,-, 2-20

rev/s,-, 20-100

rev/s,-, 2-20

rev/s,-, 10-100

rev/s,-, 10-100

rev/s,-, 20-100

rev/s,-, 2-20

rev/s,-, 20-100

Vertical Axis

para,units,range

MAP, mbar 100-1000

MAP, mbar 100-1000

Fuel/Inj, 5-50

Fuel/Inj, 5-50

Fuel/Inj, 5-50

MAP, mbar 100-1000

RIARBO
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Map Output
para, units

Fuel Inj.
Fuel/100
arbitrary

unit

Fuel/Inj.
Fuel/100
arbitrary

unit

Trans. height,
% of SS fuel

Trans. height
% of SS fuel

Trans. time
constant, mS

Derivative
coef, arbitrary
unit

MAP, mbar 100-1000 Ign. advance,

deg BTDC/100

MAP, mbar 100-1000 Ign. advance,

deg BTDC/100

MAP, mbar 100-1000 0-1000 EGR,

arbitrary unit.

In order to ensure that the EGR valve is fully closed when no EGR is

required the scaling of the control voltage from MEC has been set so that
the valve begins to open at a control value of approximately 230.
valve is fully open at a wvalue of approximately 950.

system as described in more detail in ref 1.

To keep the operator informed of the state of the EGR control two values

have been added to the display of engine parameters.

"EGR = xxxx"

"EGRPOS = xxxx"
valve as measured by the position potentiometer.

This is the current value calculated from the EGR map.

This is a value calculated from the position of the EGR
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to 1000 corresponding to fully closed to fully open, respectively.

3.1 X MAP

There are five temperature compensation tables explicitly referred to.
Each consists of 10 wvalues which scale the control value and 10
temperatures used to determine the selection of the scaling value from
the line above. The tables are for steady state fuelling compensation
factors controlled by coolant temperature, two transient fuelling
compensation controlled by the manifold charge temperature, and EGR
compensation controlled by coclant temperature. ’

These tables are expressed as subsets of a 10 by 10 map (the X map) and

t
1

e
HaooHaHOsO

herefore may be edited using the same mechanisms as the standard 10 by
0 maps. The format of these tables in the X map is shown below:

Transient time constant.

Manifold charge temp.

Transient height coef.

Manifold charge temp.

Steady state fuelling

Coolant temp.

(These fields must be
set to 100)

EGR

Coolant temp.

OB R SR W

o O

=
HaoooHaoHOaHAO

o o

=
HaoooHxHa1a-aa0

o o

e
HaooHmaoHHQHQ

[N o]

=
HaoaooHaoHrHQAAQ

o O

2o
HaQooHOHQRRO

[oNe]

=
HoQoHaHaAQO

o o

=
HQQOOoOHOQHQRHOQ

OO

e
HaogooHAaHaHO

[eNe]

o
HQOoOoOoORHOQORKOQAQ

O O
Y

The C fields above are % values, thus to leave a parameter unmodified,
a value of 100 must be selected. The corresponding T fields are

t

emperature values expressed in degrees Kelvin and can be arbitrarily

distributed throughout the temperature range of interest.

TERMINAL INTERACTION

0
s
v

n power-up MEC writes a heading at the top of the screen and then writes
everal lines of variable names together with their current values. These
alues are only updated when the engine is running, consequently at power-

up the values have no significance.

The final line of this display field prompts for a character to be
entered.

MAP EDITING

I

f the character is one corresponding to a map (as defined previously)

then the corresponding map will be displayed, together with a prompt
for map modification. Entering 'Y' will then result in a prompt for
one of three modification methods, any other character will cause
resumption of the continuous display of variables.
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5.1 Table Update (T)

Entering a T will cause a prompt for a numerical value (of the
format indicated by the prompt message); this number is then added
to every detail of the internally held version of the displayed
map, and the continuous display update is resumed.

5.2 Increment (I)

Entering an I will cause a prompt for either a 'U' (up) or 'D’
(down character to be entered. The current number of
increments/decrements is displayed. This 'inducing' facility can
only be used in conjunction with the fuelling maps (F, G) and the
ignition maps (I, J). In the case of the fuelling maps, a single
integer (increment/decrement) causes a change in fuelling of 0.1,
and in the case of those ignition maps a change in advance angle
of 1 degree.

5.3 Single Change (S)

Entering an S allows the editing of individual map elements (the
cursor is initially placed at the top left hand corner of the

map). Use of the four 'arrow' keys moves the cursor around the

map. To update a value type the number according to the format

shown in the prompt. This format consists of five characters.

The first is a "+", "-", or a space. The next four are numbers.

A variation on this format occurs on the fuel maps where an "Q"

for the first character selects overrun (OVRUN) and gives no fuel.
Typing an R terminates the editing session.

VARYING END OF INJECTION TIMING (EOI)

This function is selected by entering the character 'V'. The MEC will then
request an EOI angle. This must be given in the range of * 360 degrees.

The given value defines the end of injection. However the hardware cannot
allow injection to continue through the 7OOBTDC reference. If this will
cause a problem with the given EOI and fuel quantity then injection is
commenced at the 70 degree mark. EOI will then vary with the fuel
quantity. In either case the EOI is displayed on the engine panel on the
MEC screen. It can also be "traced" for detailed analysis. The defined
EOI value is part of the set of maps and will be saved and recalled along
with these.

There is no provision for variation of EQOI during transients in the current
sof tware.
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MAP STORAGE AND RECALL

Whilst the display is being continuously updated (and prompting for a
key press), other characters can be entered which perform loading and
saving operations with the non-volatile memory (NVM). On power-up,
maps from NVM1 or NVM2 are used. This is selection is determined by
the position of the map select switch when the MEC is switched on.
Subsequent moving of the switch has no effect. Maps from NVM 1-6 can
be loaded by entering R (Recall) and following the ensuing prompt a
number in the range 1 to 6. Similarly the current set of maps (all ten)
can be saved into any of the six NVMs by entering S (Store) and the
required number (following the prompt). Storage of the maps takes 40
seconds. During this time the engine is not contreolled and should
therefore be shut down. As an operational procedure, it is advisable
to keep a back up of the current set of maps in more than one NVM.

TRACE MEMORY

A trace facility is provided for diagnostic purposes. Trace formatting
and trace display are achieved by entering '!' (Shift 1) which clears
the screen and causes a prompt for further characters. Entering 'A’
will abort a trace in progress, 'T' will start a trace. 'F' displays
the available format option and allows assignment of variables for
trace and analogue channels simply by entering the appropriate variable
character. Up and down arrows allow the cursor to be moved up and down
the format field.

Up to ten variables, from a pre-defined set, may be stored, every
occasion control of the engine is invoked. Memory capacity is such that up
to 800 cycles may be retained, the oldest cycles are continually rejected
until entering 'A'. Up to four of the variables may be output onto
analogue channels, with the facility to determine the gain of individual
channels.

In order to display the contents of the trace memory enter 'D', which
displays the oldest page of data. Entering 'E' whilst in this mode
displays the end of the trace (newest data). Entering either '~' or
'+' space causes adjacent pages of information to be displayed.

The values of the variables displayed in the trace display are in
internal units without decimal point information being displayed.

The analogue channel gains require a four digit decimal number.
Entering 0100 sets the output to unity gain. To terminate the format
session enter 'ESC'.

VISUAL DISPLAY TERMINAL

The MEC is programmed to use a Lear Siegler ADM 11 Visual Display
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Terminal (VDT). This has a number of internal settings. These should
be as follows :

CLICK NO | HDX/FDX FDX
ONLINE YES | CHR/FNC 8
CURSOR NO | FNC/NVM NO
STATUS BLANK | SO/SI1 GT EX
WRAP NO | HZ 50
NEWLINE NO | HNDSHK DTR
BPS 9600 | XON/XOFF DC1/DC3
BITS 7 | BUSY LO
BIT8 1 | ANSBK NO
PTY? YES | SCRNSAVE YES
PTY EVEN !
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10. REFERENCES

1 Incorporation of Exhaust Gas Recirculation (EGR) Control in the
Micro Processor Engine Controller (MEC). DP85/1466
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Drg No. 511923
Date APRIL '8¢

MICROPROCESSOR ENGINE CONTROLLER

HARDWARE

MICROPROCESSOR - TMS9995 - 16 BIT INTERNAL DATA BUS
RAM - 32K

PROM - 32K

EEPROM - 12K (STORES 6 MAP SETS)

A/D - UP TO 16 CHANNELS, 12 BIT.RESOLUTION
D/A - L4 CHANNELS, 12 BITS

MAP INPUT - DIGITAL INTEGRATOR PROVIDES MEAN MAP

OVER % REV

TIMING CONTROLLER MEASURES SPEED

- PROVIDES INJECTION PULSE OF DEFINABLE
DURATION AND DELAY

- PROVIDES IGNITION PULSE OF DEFINABLE
ADVANCE AND DWELL

INJECTQR DRIVERS: DIRECT DRIVE OF FUEL INJECTORS

IGNITION DRIVER

OPTO - ISOLATED OUTPUT FOR DIRECT
DRIVE OF PROPRIETARY ELECTRONIC
IGNITION UNIT
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Drg. No,
Da MAY '86
RICARDO MICROPROCESSOR ENGINE CONTROLLER O°®
RAM PROM EPROM
g | |
MICROPROCESSOR — ——
TMS 9995
/f?
RS 232
DISPLAYS
TEMPS.
SIGNAL | '2
™ conDiT [7 A/B —9
—
4
- 4 o/A |—b
MAP > f
CRANKSHAFT ENCODER .

— = T™MS | nivinG
CAMSHAFT ENCODEPR . ©990] CONTROLLER
FUEL o DRIVER A

-
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Date APRIL '8G

SOFTWARE

* DATA ACQUISITION
* COMPUTATION

* TIMING AND CONTROL

CONTROL TASKS - INVOKED EVERY % REV

- MoDULAR CODE (SIMPLIFIES MODIFICATION,
ADAPTATION AND MAINTENANCE)

- ASSEMBLER CODED FOR HIGH PERFORMANCE

OPERATOR INTERFACE

DISPLAYS ACQUIRED AND COMPUTED
PARAMETERS

- ALLOWS INTERACTIVE MAP EDITING

- DATA LOGGING CONTROL

- ALLows 10 oF 30 PARAMETERS TO BE CHOSEN

- LoGS APPROXIMATELY 1000 SETS OF DATA

-~ CONTROL OF LOGGING DISPLAY
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RICARDO M.E.C. IGNITION STRATEGY

rev/s —»|  Map(l,J) Output

M.A.P. —» iti iti
| Ignition ;@ _» lgnition

M.A.P. 3> L
rev/s > Ignition

Advance
Knock —»

M.A.P. - Manifold Absolute Pressure
Letters in brackets indicate relevant maps

aeQq

28 Nuay

s2aile 'oNtiq

Cddrid
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RICARDO M.E.C. FUELLING STRATEGY

Stead
',
Water Temp
Fuel Inch scf
I+sT Time
Const(t)
M.A.P. - Manifold Absolute Pressure Low Pass |, (Wall Wetting<—
d > . — ain(C)
s - Differential Operator 5t Filter Comp
Letters in brackets indicate relevant map 1
Height Map Temp.
-
(H,W) Comp.(X)
)
re;/s "Manifold C'harge Temp
L> Time Const. Temp
Map (C) ] Comp. (X) |

-+

kdg
dt

Throttle
Impulse

!

impulse
Height
Map (K)

L]

M.A.P. rev/s

Impuise
Height(k)

R

Fuel
Output

Throttle

Angle (8)

aeq

28, WsaY
224&11S ©N BiQ

G

ON "Old
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RIARDO pane @
Drg. No. S 1UD27
Date APRIL '86
MEC SPQUENCE OF EVENTS
0 180 360 540 720
DEG. CRANK | | l | |
CAM. PULSE l l
TEST BOX CAM.
SIGNAL _J | |
CRANK SIGNAL
| | | L | ! f l J
1 3 4 2 1
CYLINDER FIRING , ‘ l , |
VALVE PERIODS.
CYLINDER 1 [ IN —]
L EXH |
" 3 |  IN |
L EXH |
" 4 | 1~ 1 [
EXH | [ EXH ]
" 2 [ ™ ]
L EXH j}
70 DEG. BTDC l I
REF. PULSE l |
IGN AT
IGNITION _d r_J L ' | l
INJECTION
END OF INJECTION BEFORE
IVO.
4] - [dd
! | l [ |
DEG. CRANK 0 180 . 360 540 720
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APPENDIX IIIX

MEC-BEST ECONOMY STRATEGY MAPS
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EEPROM BEST ECONOMY/OPT IGN.FEB 1986
H.A.- RPS(*10), V.A.- FUEL(*5) << Exp. Impulse Time Constant(mS) - "C" >
10 0080 0030 0035 0030 0030 0050 0050 0050 0050 0050
0090 0030 0030 0040 0035 0050 0050 0050 - 0050 0050
0100 0035 0035 0050 0035 0050 0050 0050 0050 0050
0110 0040 0040 0055 0040 0050 0050 0050 0050 0050
0120 0045 0045 0055 0040 0050 0050 0050 0050 0050
0130 0050 0050 0060 0045 0050 0050 0050 0050 0050
0140 0055 0055 0060 0045 0050 0050 0050 0050 0050
0150 0060 0060 0065 0050 0050 0050 0050 0050 0050
0150 0060 0060 0065 0050 0050 0050 0050 - 0050 0050
0150 0060 0060 0065 0050 0050 0050 0050 0050 0050

RPNWhOON®O

——

1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*10), V.A.- MAP(mB*100) << Throttle Angle Derivative - "K" >>
10 0000 0140 0200 0200 0200 0200 0200 0200 0200 0200
0000 0160 0310 0280 0150 0200 0200 0200 0200 0200
0000 0180 0330 0300 0170 0200 0200 0200 0200 0200
0000 0200 0340 0320 0210 0200 0200 0200 0200 0200
0000 0220 0350 0340 0240 0200 0200 0200 0200 0200
0240 0375 0360 0260 0200 0200 0200 0200 Q200
0000 0270 0400 0380 0280 0200 0000 0200 0200 0200
0000 0300 0450 0400 0300 0200 0200 0200 0200 0200
0000 0300 0450 0400 0300 0200 0200 0200 0200 0200
0000 0300 0450 0400 0300 0200 0200 0200 0200 0200

HNWDOOHI OO

1 2 3 4 5 6 7 8 9 10

H.A.—- RPS(*10), V.A.~- MAP(mB*100)<< Advance Table(deg/100 BTDC) - "I" >>

10 { 0500 0500 0900 1300 1400 1500 1600 1700 1700 1800
i 0500 1600 1700 1800 2000 2200 2200 2200 2200 2200
i 0500 1900 2000 2100 2200 2300 2400 2600 2600 2600
{ 0600 2100 2100 2200 2300 2400 2600 2700 2700 2700
| 0000 2300 2300 2300 2300 2500 2600 2700 2700 2700
i 0600 2300 2300 2300 2300 2500 2600 2700 2700 2800
i 0600 2300 2300 2300 2400 2500 2600 2700 2700 2800
{ 0600 2300 2300 2300 2400 2500 2600 2700 2700 2800
i 0600 2300 2300 2300 2400 2500 2600 2700 2700 2800
i 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

FNWPOOI OO

1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*2), V.A.- MAP(mB*100) < Idle Ign. Map -~ "J" (deg/100 BIDC) >

10 | 0000 0000 0000 0000 0000 0500 0500 0500 0500 0500
! 0000 0000 0000 0000 O0000 0500 0500 0800 1000 1600
| 0000 0000 0000 0000 0000 0500 0700 1000 1400 1900
! 0000 0000 0000 0000 0000 0600 0800 1200 1600 2100
! 0000 0000 0000 0400 0600 0600 0800 1200 1700 2300
| 0000 0000 0000 0400 0600 0600 0800 1400 1800 2300
! 0000 0000 -0000 0400 0600 0600 0800 1600 2000 2300
! 0000 0000 0000 0400 0600 0600 0800 1600 2000 2300
! 0000 0000 0000 0400 0600 0600 0800 1300 1600 2000
! 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

FNWRROTON®WO

1 2 3 4 5 6 7 8 9 10
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EEPROM BEST ECONOMY/OPT IGN.FEB 1986 recalled
H.A.- RPS(*10), V.A.- MAP(mB*100)<< Fuel Injection Table(Fuel/100) - "F" >>

10 | 0000 4100 4600 4950 5350 5450 5700 5500 6100 6300
9 | 0000 2380 2575 2710 2800 2815 2930 2990 3050 3100
81 0000 2130 2275 2395 2470 2480 2590 2650 2700 2750
7 { 0000 1850 1980 2080 2125 2165 2240 2305 2380 2450
6} 0000 1580 1680 1770 1830 1840 1950 1970 2020 2100
54{ 0000 1350 1420 1470 1520 1530 1640 1640 1670 1700
4} 0000 1100 1160 1170 1220 1220 1320 1320 1350 1400
3} 0000 090 0915 0930 0970 1010 1050 1200 OVRUN OVRUN
21 0000 OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN
1] 0000 OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN

1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*2), V.A.- MAP(mB*100) < Idle Fuel Map - "G" (Fuel/100) >

10} 6000 6000 6000 6000 6000 6000 6000 6000 6000 4100
9 1 4500 4500 4500 4500 4400 4200 4000 4000 4000 2380
8 | 4200 4200 4200 4000 3700 3400 3200 3200 3200 2130
71 3800 3800 3800 3500 3200 3000 2600 2600 2600 1850
61 3000 3000 3000 2700 2400 2100 2000 2000 2000 1580
51 2600 2600 2400 2200 2000 1700 1700 1600 - 1600 1350
4! 2000 1900 1800 1600 1600 1480 1370 ‘ 1280 1250 1100
3 | OVRUN OVRUN 1500 1400 1300 1200 1020 0950 0900 0900
2 | OVRUN OVRUN 1800 1600 1500 1200 1200 1200 1200 1200
1 ! OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN

1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*10), V.A.- FUEL(*5) << Exp. Impulse Height(%) - "H" >>

10{ 0000 0030 0030 0030 0030 0030 0030 0030 0030 0030
- 0000 0050 0040 0040 0045 0030 0030 0030 0030 0030
0000 0070 0045 0050 0060 0030 0030 0030 0030 0030

0000 0080 0050 0055 0070 0030 0030 0030 0030 0030

0000 0090 0060 0060 0080 0030 0030 0030 0030 0030

0100 0070 0065 0085 0030 0030 0030 0030 0030
0000 0110 0080 0075 00SO 0030 0030 0030 0030 0030
0000 0120 0090 0080 0100 0030 0030 0030 0030 0030
0000 0120 0090 0080 0100 0030 0030 0030 0030 0030
0000 0120 0090 00BO 0100 0030 0030 0030 OO30 0030

o o i St 0 o o T o (o — e T i T ot o o e S e S —— —— ————— —— o (o . e . o o

1 2 3 4 5 6 7 8 9 10

EFNWBOON OO

H.A.- RPS(*2), V.A.- MAP(mB*100) << WW Idle Height - "W" >>
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EEPRCM BEST EOCONOMY/OPT IGN.FEB 1986 recalled
H.A.- RPS(*10), V.A.- MAP(mB*100) < E.G.R. 0 to 1000 >
10| 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

]

9! 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
81 0000 0000 O0O0 OOOO OODO OOOO OOOO OOOO OOOO 0000
7 1 0000 0000 . 0000 0000 0000 0000 0000 0000 0000 0000
61 0000 0000 0000 0000 OOOO OOOO 0000 0000 0000 0000
51 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
41 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
3! 0000 0000 0000 0000 ©0000 0000 0000 0000 0000 0000
2! 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
1! 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

1 2 3 4 5 6 7 8 9 10

5 Two Line Temp. Comp. Tables (COMP. /TEMP. ), TEMP(KELVIN), COMP(%)

10 | 0200 0200 0200 0200 0200 0180 0160 0140 0100 0100
91 0270 0280 0290 0205 0300 0305 0310 0317 0323 0328
8 ! 0200 0200 0200 0200 0200 0180 0160 0140 0100 0100
7 4 0270 0280 0290 0295 0300 0305 0310 0317 0323 0328
6 ! 0350 0250 0200 0160 0140 0125 0115 0110 0100 0100
51 0270 0280 0285 0290 0295 0305 0310 0320 0330 0340
4} 0100 0100 0100 0100 0100 0100 0100 0100 0100 0100
3] 0100 0100 0100 0100 0100 0100 0100 0100 0100 0100
2! 0000 0000 0000 0000 0000 0000 0020 0040 0070 0100
11 0270 0280 0285 0290 0295 0305 0310 0320 0330 0340

1 2 3 4 5 6 7 8 9 10
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MEC-REDUCED NOx STRATEGY MAPS
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EEPROM REDUCED NOX STRATEGY JUNE 86
H.A.- RPS(*lO), V.A.- MAP(mB*100)<< Fuel Injection Table(Fuel/100) - "F" >>
10 4100 4600 4950 5350 5450 5700 5900 6100 6300
0000 2660 2750 2820 2930 3030 3900 5000 5400 5700
0000 2170 2250 2280 2340 2365 2700 2370 3000 3050
0000 1830 1900 1960 1980 2000 2280 2550 2620 2650
0000 1540 1690 1750 1800 1820 2000 2200 2240 2300
1300 1420 1470 1500 1510 1670 1820 1850 1900
0000 1210 1190 1175 1250 1290 1360 1470 1490 1520
0000 0900 0915 0920 1000 1080 1100 1200 OVRUN OVRUN
0000 OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN
0000 OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN

é

FNWOWAOON®OWO

1 2 3 4 5 6 7 8 9 10
H.A.- RPS(*2), V.A.- MAP(mB*100) < Idle Fuel Map - "G" (Fuel/100) >
10} 6000 6000 6000 6000 6000 6000 6000 6000 6000 4100
9 | 4500 4500 4500 4500 4400 4200 4000 4000 4000 2600
8 | 4200 4200 4200 4000 3700 3400 3200 3200 3200 2170
7V 3800 3800 3800 3500 3200 3000 2600 2600 2600 1830
6 ) 3000 3000 3000 2700 2400 2100 2000 2000 2000 1540
51 2600 2600 2400 2200 2000 1700 1700 1600 1600 1300
4] 2000 1900 1800 1600 1600 1480 1370 1280 1250 1210
3 | OVRUN OVRUN 1500 1400 1300 1200 1020 0950 0900 0900
2 | OVRUN OVRUN 1800 1600 1500 1200 1200 1200 1200 1200
1 | OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN OVRUN
1 2 3 4 5 6 7 8 9 10
H.A.- RPS(*10), V.A.- FUEL(*5) << Exp. Impulse Height(%) - "H" >>
10 0110 0110 0020 0040 0020 0030 0030 0030 0030 0030
9 0110 0110 0030 0040 0020 0030 0030 0030 0030 0030
8 | 0120 0120 0030 0045 0025 0030 0030 0030 0030 0030
7 ! 0120 0120 0030 0045 0025 0030 0030 0030 0030 0030
6 { 0130 0130 0030 0050 0030 0030 0030 0030 0030 0030
51 0140 0140 0050 0050 0030 0030 0030 0030 0030 0030
4! 0140 0140 0060 0055 0035 0030 0030 0030 0030 0030
3! 0150 0150 0060 0055 0035 0030 0030 0030 0030 0030
2 ) 0150 0150 0060 0060 0040 0030 0030 0030 0030 0030
1} 0150 0150 0060 0060 0040 0030 0030 0030 0030 0030
1 2 3 4 5 6 7 8 9 10
H.A.- RPS(*2), V.A.- MAP(mB*100) << WW Idle Height - "W" >>

10§ 0000 0000 0000 0000 0000 0000 0060 0060 0060 0060
0000 0000 0000 0000 0000 0000 0060 0060 0060 0060
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EEPROM REDUCED NOX STRATEGY JUNE 86 recalled
H.A.- RPS(*10), V.A.- FUEL(*S) << Exp. Impulse TJ.me Constant(mS) - "C" >

10§ 0035 0030 0085 0050 0080 0150 0150 0150 0150 0150
9} 0040 0035 0090 0055 0090 0150 0150 0150 0150 0150
8} 0045 0035 0095 0060 0100 0150 0150 0150 0150 0150
7+ 0050 0040 0100 0065 0110 0150 0150 0150 0150 0150
6 | 0055 0040 0105 0070 0120 0150 0150 0150 0150 0150
51 0060 0045 0110 0075 0130 0150 0150 0150 0150 0150
4] 0065 0045 0115 0075 0140 0150 0150 0150 0150 0150
3! 0070 0050 0120 0080 0150 0150 0150 0150 0150 0150
2} 0070 0050 0120 0080 0150 0150 0150 0150 0150 0150
1} 0070 0050 0120 0080 0150 0150 0150 0150 0150 0150

1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*lO), V.A.- MAP(mB*100) << Throttle Angle Derivative - "K" >>

10} 0000 0220 0120 0260 0320 0300 0300 0300 0300 0300
9§ 0330 0230 0130 0280 0330 0300 0300 0300 0300 0300
81 0340 0240 0140 0290 0340 0300 0300 0300 0300 0300
7 1 0350 0250 0150 0300 0350 0300 0300 0300 G300 0300
61 0360 0260 0160 0310 0360 0300 0300 0300 0300 0300
51 0370 0270 0170 0320 0370 0300 0300 0300 0300 0300
4! 0380 0280 0180 0330 0380 0300 0300 0300 0300 0300
31 0390 0290 0190 0340 0390 0300 0300 0300 0300 0300
2} 0400 0300 0200 0350 0400 0300 0300 0300 0300 0300
1] 0400 0300 0200 0350 0400 0300 0300 0300 0300 0300

1 2 3 4 5 6 7 8 9 10

H.A.~ RPS(*10), V.A.- MAP(mB*100)<< Advance Table(deg/100 BIDC) - "I" >>

10 }- 0000 0500 0700 0800 0900 1000 1600 1700 1700 1800
9 { 0000 0700 0900 1000 1000 1000 2100 2100 2100 2100
8 | 0000 1000 1200 1200 1200 1200 2200 2300 2400 2400
7+ 0000 2000 2100 2100 2200 2300 2400 2500 2500 2500
6 } 0000 2100 2100 2100 2200 2400 2400 2500 2500 2500
541 0000 2100 2100 2100 2200 2400 2400 2500 2500 2600
4 | 0000 2100 2100 2100 2200 2400 2400 2500 2500 2600
31 0000 2100 2100 2100 2200 2400 2400 2500 2500 2600
2} 0000 2000 2100 2100 2200 2400 2400 2500 2500 2600
1} 0000 0000 0000 0000 0000 OOOO 0000 0000 0000 0000
1 2 3 4 5 6 7 8 9 10

H.A.- RPS(*2), V.A.- MAP(mB*100) < Idle Ign. Map - "J" (deg/100 BTDC) >
10! 0000 O000 0000 0000 0000 0500 0500 0500 0500 0500
9! 0000 0000 0000 0000 0000 0500 0500 0800 1000 1600
8 ! 0000 0000 0000 0000 0000 0500 0700 1000 1400 1900
7! 0000 0000 0000 0000 0000 0600 0700 1200 1600 2100
6! 0000 0000 0000 0400 0600 0600 0800 1200 1700 2100
5! 0000 0000 0000 0400 0600 0600 0800 1400 1800 2100
4 ) 0000 0000 0000 0400 0600 0600 0800 1600 2000 2100
3! 0000 0000 O0ODO 0400 0600 0600 0800 1600 2000 2100
2 ! 0000 0000 0000 0400 0600 0600 0800 1300 1600 2000
1! 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

1 2 3 4 5 6 7 8 9 10
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EEPROM REDUCED NOX STRATEGY JUNE 86 recalled
H.A.- RPS(*10), V.A.- MAP(mB*100) < E.G.R. 0 to 1000 >
10§ 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

1

9| 0000 0240 0350 0450 0500 0550 0420 0000 0000  000Q
8 0000 0250 0350 0430 0475 0500 0400 0000 0000 0000
74 0000 0260 0370 0440 0550 0650 0550 0000 OOOO  0OOOO
6 0000 0240 0330 0400 0470 0560 0440 0000 0000 0000
541 0000 0220 0280 0320 0350 0370 0330 0000 OCOO 0000
4 | 0000 0200 0230 0230 0240 0260 0240 OOOO 0OOOC 0000
31 0000 0000 0225 0225 0225 0000 0000 OOOO 0OCOCO 0000
21 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
1) 0000 0000 0000 0000 0000 0000 0000 Q000 0000 0000

1 2 3 4 5 6 7 8 9 10

5 Two Line Temp. Camp. Tables (COMP. /TEMP. ), TEMP(KELVIN), QOMP(%)

10§ 0200 0200 0200 0200 0200 0180 0160 0140 0100 0100
9} 0270 0280 0290 0205 0300 0305 0310 0317 0323 0328
81 0200 0200 0200 0200 0200 0180 0160 0140 0100 0100
74 0270 0280 0290 0285 0300 0305 0310 0317 0323 0328
6 { 0350 0250 0200 0160 0140 Q125 0115 0110 0100 0100
51 0270 0280 0285 0290 0295 0305 0310 0320 0330 0340
4} 0100 0100 0100 0100 0100 0100 0100 0100 0100 0100
3} 0100 0100 0100 0100 0100 0100 0100 0100 0100 0100
2] 0000 0000 0000 0000 0000 0000 0020 0040 0070 0100
1} 02720 0280 0285 0200 0295 0305 0310 0320 0330 0340

1 2 3 4 5 6 7 8 9 10
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EPAZVR HRCC METHANUL (792,.5mm X T7$.4mm)

REFER TO FIGURE NOS. 5-8
INITVIAL TFSTS wWITH DEISTRIBUTUR T1GH]ITION

MIXTURE 1LOOP AT 40 REV/SEC 2.5 HAR uMEP (2HD RFPEAT)

RORE STROKF MUNBFER OF cycLrE BRAKE Alr METER FUEL H/CARBUN CALUKIFIC TokbuCHAKLEY T
CYLINDERS TYPE CUNSTAHI CUNSTANI S,6a KAT]U VALUL ubllun
719,50 73,80 q 0, 1959,15%1 L0000y .19%0 3.97 19940,00 Y}
DAY MONTH YL AR TesTr HAROME TE R aLT wils DRY sULH Puwgr FrRICTIunN uulPui
NWUMBER TENPERATURE  TEMPERATURE  CURKECTION UPTIUN uP 06
19 3 as 3.00 759,40 10,00 15.50 0 Ve 4
1 ENGINE SPEFD (REV/S) 40,00 40,00 40,00 40,00 40,00 40,00
A IGHITING TIMING 12,00 17.00 19,50 21,00 26.5%0 36.00
4 FutL vaLumMe ( €C ) 102,50 102.50 102,50 102.5%0 102.50 102,50
2 BRAKE LUAD 29,00 29.00 29,00 29.00 29,00 29,00
S FUEL TIMF ( StC ) 44,15 aA8.05 %0,0% S51.35 51,55 49,95
6 FUFL TFMPERATURE ( C ) 12.00 12.00 12,00 12,00 12,00 12,00
B AIR METER TEMPERATURF ( C ) - 16,00 17,00 17,00 17.00 17,00 17,00
11 INTAKRF MANEFOLD PRESS.(mm Hg)=d21 . 87=018 B6=U01,S57-375,25%=343,60-285.76
26 EXHAUST TE"P. (PUST TuRyy) d06.,0 a412,0 407,90 3vb6,0 391,0 373,40
27 EXHAUST PRESSURE (PUST TtkHD) 8.3 9.0 10.5 12.0 14,3 18,8
13 CARUBONI MONOXIDE ( % ) 2.450 «5%0 o220 o158 .140 <214
1S CARHON DIOXIDE C X ) 13.500 14,400 13,100 11,300 9,400 H, 000
16 DXYGEN € 2 ) «150 00 2,600 S.t00 7,250 9,700
12 MYDROCARPONS ( PPIAC ) 3300,0 2330,0 2040,0 c4606,0 2BRO,0 4800,0

14 OXILES OF NITRUGTH ( PPM ) 20,0 810,00 H00,0 330,09 120,0 50.0



EPA/ZVE HRCEC METHANUL (79.50m X 73.4mm)
INITIAL TESTS KITH ODISTRIBUTIOR IGNITION REFER TO FIRURE NOS. 5-8

MIXTUKE 1LUOP AT 40 KEV/SEL 2.5 SAR HMELP (2D kEPEAL)

CATE J9/ 3/8% TEST wn, 3,0 HAROME TER 759,40 MM WG WwET HuLe TEMP(C) 10,0
DRY HULB TEMP(C) 19.Y

RELATIVE HuAIvIOY

HUMIDITY CORRECTIUN FACTOR

GRALINS DF WATER/LEL URY AIN

: JF POW 0 RESULTS LISTED AS G/Kw=HK At ACTUALLY G/NHKR 2
RESULTS HRACKETS) ARE CALCULATED FROM AIR MEIER DATA
SPEED POuER HWMEP TORWE FUEL VOLUME TRIC AIR FUEL HeloE, HC MGX cvu cue HC ¢+ NUX
REV/S Kl Hap NoM G/KW_HR  LFFICIEFICY(X) RATIY % G/R¥i MK  G/KA . Hie  G/ZKa MR G/RW BN /RS 1K
40,0 7.29 .50 29,00 14,1 30,2 L) S.H( .0) 19,75 9.26 2.16 120,351 1041 ,6¢ 11,42
40.0 1.29 2.50 29.00 839.,9 30.6( -0 b.d( o) 21,49 5.90 S.39 26,64 10Yn, 0B 11.¢9
40,0 7.29 .50 Y., 00 L] 32.8¢( .0) 7.1¢ V) 22.39 6,008 S.73 11,47 10/43%,3%0 11,01
49,0 7.29 2.50 c9,00 786,0 36.5¢( . 0) Hoo( o) .97 b8,26 2.66 9,248 luge, 71 . 10,92
40,0 7.29 2.50 29,00 182.9 41.,4¢ .0) P.5¢ .0) 23.00 11.02 1,10 Y. 17 1vs0,10 1.2

40,0 /.29 2.50 24Y .00 H08,0 49,9( V) 10.6¢ .0) 22,34 22.50 .56 17,39 1uel.6l 22.h6



EPA/VH HRCU METHANUOL (79,.5mm X 73.4mm)

NITIAL TESTS WIT A STH UTUR IGHIT
THITIAL TLSTS RITW LER DISTRIRUTOR AGRITION REFER TO FIGURE NOS. 9-12

MIXTURE LOUP AT 60 REV/SLC 5.5 HAR HMED

nort STROKE NUMHBER (F CYcLi BrRAKE AIR METFR FutL H/CAkbLON CALNRIF]IC TUKHUCHARGE B
CYLINDERS TYPF COHSTANLT CONSTANI S.G., RATIUL VALUE Pl luy
79.50 73.00 ] q. 199.15%1) 000000 « 1950 3.97 19940,00 ']
DAY NORTH YEAR TEST HAROMF TR WET BuULH DRY HULHK PURER FRICTIUN uJiFul
T NUMRER TettPERATURE  TEMPERATURE  CORKECTION OPT [unN uPlIGN
19 3 8% 4,00 157,79 13,00 19.50 v 0. 4
1 ENGINE SPEED (REV/S) 60,00 60,00 60,00 60,00 60,00 60,060
2R IGHITION TIMING 15,00 19,00 20,00 23,00 29,00 48,00
4 FULL VOLUME ( CC ) 203,00 203,00 203,00 205,00 203,00 203,00
2 ARARE LOAD h3.80 63,80 63,80 65,80 63,80 63,80
S FUFEL TIME ( SHC ) 36.5%% 39,70 41,30 41,85 42,20 40,75
6 FUFL TEMPERATURE ( C ) 12.00 12,00 12,00 12.00 12,00 12,00
A AIR METER TEMPERATURE ( C ) 1A, 00 19,00 20,00 19,00 20,0v 19,00
11 INVAKE MANIFOLD PRESS.(mm, Hq)=275,23=269,22-23b6,13=-188.00=-127.09 =52,64
26 FXHAUST TEMP, (POST TuRH0) 9%8,0 S582,0 572.0 Sd2.0 515.0 449,0
27 EXHAUST PRESSURE (PUST TURDO) 44,4 N6 .6 51.1 57.9 69,2 86,5
13 CARBON MONOXIVE ( % ) 2.600 .20 . 18U 144 <115 . 166
15 CAFnON DIUXIDE ( X ) 15,100 14,500 13,000 11,100 9.700 B.400
16 OXYGCN C % ) .200 LASD 2,600 S,100 7.3%0 9,200
12 HYDHOCARARINS ( PPKC ) 2040,.0 1260,0 720,00 J05%0,0 1620,0 2760 ,0

14 OXIDES OF HITROGENW ( PPM ) 820,0 1702,0 1700,0 740,06 195,0 105.0



FPA/Vw HRCC “ETHAMOL (79,.%mm X 73.4mm)

INITIAL TESTS WITh EPA OISTRISUIUR LGWTTIUN

MIXTURE LOOP AT 60 REV/SECv S.% HAF HMEP REFER TO FIGURE NOS. 9-12

DATE 197 3/RS TEST na, 4,0 BAROMETER 757,79 "MM.HG vET bBUuLB 1EMP(C) 13,0
DRY HBULB TEMP(L) 19.5

RELATIVE BHUMIDITY = 46.77

HUMIDITY CORRECTIUN FACTOR = AL

GRAINS OF WATER/Lus DRY ATKR be.12
: IF POWER = 0,0 RESULTS LISTED AS G/Kvi=HrR ARE ACTUALLY G/HE 2
RESULTS IH (MRACKETS) ARE CALCULATED FROM ATR METER DATA
SPEED POWER wMrpP TORWUE FUEL VOLUMFTRIC AIR HUEL B.l.ba 1 C O X [ cue HC ¢ NUKX
REV/S Kot HAR N N G/KW  HE  EFFICIENLY(X) RATLO % G/Ke  HK  G/Kn . HR  G/ZKn.HR  G/KW.HKR  G/Ka HE
60,0 24,05 5.50 63,80 662,7 48 B ¢( .0) 5.8¢( .0) 27,24 4,25 4,32 94,75 750,00 8,57
60.0 24,05 5.50 63 HO h10,1 49,5 .0) 6.4¢( .0) 29.5% 2.5%4 A,606 18.32 a02,6u 11.19
60,0 24,08 5.50 63 KO 5865 S3.8¢( .0 7.2¢( .0) 30,78 1.59 9,51 0,97 190,55 11.10
60.0 QU405 5.50 65,80 STA 8 60,.8¢( .U) B3¢ .0) 31.19 Z.bb a,717 6,42 7i7,84 7.45°
60,0 21,45 5.50 63 80 S74 0 69,2¢ .0) 9.5¢( .0) 31,49 4,66 1,42 S.79 Tob,79 6,08

60,0 24,04 5.50 63,80 H94 ,4 80,3¢ V) 10,7¢( .0) 30,37 v.,28 .89 9.76 115.9¢ 10.17



EPA/ZVI HRCC METHANUL (79.S5mm x T3.,4mm)

INITLAL TESTS wiTH FPA DISTRINDUTOR [GNITIUN
1St tenitt REFER TO FIGURE NOS. 14-17
FULL LDAD PONCKR CURVE=LRT FULLLING,MBT TGN TINING
BORE STKUKE NUMHER UF CYCLF uMAKL AR METER FUEL H/CARBON
CYLIKDERS TYPE COMSTANT CONSTAHT SeGe NATIU
79.50 73.40 i 4, 159.1561 .000000 L7950 3,97
DAY MONTH YEAR TEST BAROME TER Wk T HULH DRY wvuLb PONER
HUMIER TEMPERATURE  TEMPERATUKE CURKECTILIUN
20 3 845 5.00 7917 K6 14.%0 21,00 1
1 ENGINE SPEEUL (REV/S) 20,00 30,00 40,00 50,00 60,090 70,00 80,00
2R IGNITION TIMING 10.00 14,00 16,00 Jo,00 17,00 18,00 14,00
4 FUEl. vorLumg ( CC ) 203,00 203,00 304,00 304,00 507,00 907,00 S07.00
2 HRAKE LOAD 100,10 110.R0 117,90 130,30 126,40 104,00 B2,.90
S FuCL TIME ( SEC ) 75.05 4R, 75 42,05 37.95 56,00 55,90 55.9%
6 FUFL TFMPERATURE ( € ) 14,00 14,00 4,00 135.00 33,00 13,00 13,00
& ALR METER TEMPERATUKE ( C ) 14,00 34,00 14,00 15,00 17,00 18,00 1R_00
11 INTAKE MALIFOLD PRESS.(mm, lig) =1.50 =2.26 =3,01 <376 =4,51=103,02=193,20
26 FXHAUST TEMP, (PDST TuRBNO) 3HY,0  467.0 S40.0 593,0 020.0 631,00 656,V
27 EXHAUST PRESSURE (PUST TURBO) 15.0 a1 0y, Bd,2 114,3 114.,3 114.3
13 CARBON HONOXIDE ( % ) 2.200 2.300 2.500 2.600 2.100 2.406 2.700
15 CARHON DIUXIDE ( % ) 13,000 13,500 13,500 13,500 14,000 13,700 13,600
16 OXYGEH ( % ) 250 L2090 200 200 <300 .200 200
12 HYDKRNCARBUNS ( PPMC ) %100,0 3600.0 3600,0 2950,0 1740,0 1140.0 78u,0
14 OXJVES OF NIVYROGEN ( +PM ) 1500,0 1100,0 1100,0 1150,0 1350,0 1100,0 1000,0

CALOURIFIC
VAL UL
19940,00

FRICTIUN
NPTIuN
Ja

ThruuChHaKGED
uP il
v

uuyirul
UP | Luin
1



DATE 20/ 3/8S TEST HO., 5.0
RELATEVE HUMIDITY = 48,A0
HUMIDITY CORRECTION FACTOK = .91
SPLED PUMER=(KK) RMEP=(bar)
KEV/S UN,CURK Cukr UN,COoRR CORR
20,00 12,58 12.48 8,63 a,.s57
30,00 20,89 29,73 9.95 9, 4R
40,00 29,03 29,41 10,16 10,09
50,00 40,93 an, 70 11,23 11,17
60,00 47,65 47,54 10,90 10,87
70,00 45,74 45,71 8,97 8,96
80,00 41,67 41,64 7.1 7.14
MAN.PRES  Man, TEMP INTAKE=AIR=("3/8) AIR="1ASS
MM, HE C FREE AFT . MET KG/S
-1.,50 Y 0000 0000 L0000
2,206 o0 0000 U000 L0000
~3.01 .0 «0V00 L0000 0000
-3,76 .0 L0000 L0000 L0000
-4,51 o0 JH0uN L0000 0000
-103,02 .0 .N009 L0000 L0000
-193,26 .0 20000 0000 L0000
HC=PPM HC=PPM " e NOX=PPE 0X=PP
VET DRY G/H ET NRY
3919.,% S100,0 121,14 999, t t3v0,0
2768,¢ 3600,0 132,86 Hy4s .8 11000
2762.8 3600.0 184,07 844 .2 1100,.0
2231.0 2910,0 203 R4 Auy 7 1150,0
1330.4 17400 138,77 1032,2 1350.0
a73.0 1140.0 91,42 R4z .0 11000
596,55 780,0 bl . H7 764 .8 1000,0
PARTICULATLS H C HUX L 0
(V4] G/KY o1 G/KW H G/KY N G/Kv H
.00 <Ou0 9.63%0 6,422 72,663
.00 000 6,302 5. 085 71,091
.00 000 6,212 4,966 75,447
.00 000 4,961 S.149 77.835
.00 <000 2.912 5.911 61,476
.00 000 1,999 h.04% 73,598
« 00 RUIT] 1.48% 0 9AN RY_Ha93

EPA/VW HRCC METHANOL (79.%mm x 73 4mm)

INITIAL TESTS WITH £ Fa VISTRIBUTUR JGWNITIUN

FULL LOAD POWER CURVE=LHT FUELLIHG,mAT )1GH TIMING

TORGYUF = ()
iy . CORR CuPRr
100,10 99,35
110_8p 109,97
117,90 117,02
130,30 129,55
126,40 126,11
104,00 103,949

B2,.90 82,8S
FREF=AIR=VUL.EFF.
AIR=pMET, SPINDT

.00 710,19
.00 712,24
.00 75.49
.00 83,248
.00 Bl.49
.00 69,33
.00 60,10
HOX=PPM HUX
DrY, COk, G/H
11H3,7 “y,78
1901,6 1o6,.21
1ot .o 147,15
1047 1 210,79
1229.3 281,67
100t .6 230,77
10,6 207.51
coe STaK1
G/KE  H Ird,
Tos 78 .0
654,03 .y
~UD 23 .0
639,090 ]
643,95 o0
[YIXTT .0
711,44 .

RARUMETFX 757.86 wm_nG

wET HULHK

REFER TO FIGURE NOS.

IEMP(C) 14,5

FUEL=CUNSUMP [ [UN

G/iR

T7ak,
11929,
16731,
22968,
25944y,
26005,
25982,

VOL.EFF,

AF T MET
<00
U0
.00
<00
.00
.00
.UI)

Cu=-Pim
wi T
16907 ,6
t7685,9
19184 .8
19933,7
16056,2
183799
20648, 4

LD
Iwd,
!
o
oY
n
o
B
U

MM3/111g  ML/ZLLTRE
67,62 147,66
09 49 151,55
73,01 159,42
80,11 175,08
75,45 164,90
64,78 141,60
56,64 123,79

MANIFULU=VUL.EFF.

AlR=MET, SPInDT
.00 66,90
.00 64,85
L0 71.95
.U 79.10
L0 76,86
.00 65,14
.00 S6,.50
Cu=~Ppm Cu
DrRY G/H

22000,0 914,02

23000.0 14H4, 75

2%000.0 2235.91

26000.0 4$1Bo,.18

2100u.0 292v.44

24000.0 3366_.33

27900.0 374589
STAw] IGNITION
ChiMe, 1IMING

.0 10,0
ol 14,0
.0 16,0
.U 16,0
ol 17,0
.U 18,0
.0 18,0

GRAINS UF WATER/LY DRY AIK

BSFC

G/KW.H
616,0
571.1
S64.,06
561,1
S44 .8
S68.5
623.5

DKRY HUL®Y

= 52.87

BOSCH
SMuxE

o0

AIR/FUEL-RATLO
AIR=MET. SPINDT

00
.00
0V
U0
00
.00
.00

Cue=(x)
it T
10,45
10,308
1u.30
10.35
10,70
10,49
1v,.40

EXHAUST

Temb,C
39,0
467,00
S4u0,.4
593,.0
66,0
631,90
636,0

5.83%
5.85
5.81
5.81
6,00
5.92
5.87

Ccu2=(«)
LKY
13,60
13,50
13.50
13,50
14,00
13,70
13.60

HRAKE
THERM EFF
29.31
31,01
31,98
32.18
33,14
31.76
28,94

14-17

TemP(C) 2140

CLLESCU CURKECITED
SMORE  AIK FLOMISEAL]
N 20000
.0 L0000
oV 0000
'] +UUY0
.0 .0000
oV +UN0OO
o0 0000
EWUIVALENCE=RATIO
AlIN=MEIl, EMISSIUNS
V00 1.10%
+000 1,101
000 1,109
<U0u 1,108
U0V 1.074
200V 1.08/
2000 1.096
cue o2
6/n X
B887171,9 25
13092,9 .20
139749 ,0 .29
_25993,7 .20
30685, .4 .30
3019¢.9 .20
29645,.9 .20
Eetson, HUUST PKHESS.
(X} RAT IV
<00 <993
<OV 997
LOu 990
0y L9YY
UV 994
.00 .Y
<0y . 145



EPA/Ve HRCC METHANOL (79,.5mwm X 73,.4mm)

R -
M.E.C./PUSCH DISTRIBUTUR TGHRITION REFER TO FIGURE NOS. 27-30
MIXTURE LNOUP AT 40 REV/SEC S.% BAR BMEFP
BRORE STROKE HUMBL R OF CYCLE BRARE AIR MEIER FUEL H/CARBUN
CYLIMDERS TYPE CURNSTANT CUNSTANT S.G, kAT L0
79,50 73.40 [ u, 159.1551 2000000 <7990 3,97
DAY MONTH YEAR Te ST HAROME TER “ET BULH DRY oglLH POwgk
: NUMRER TEMPERATURE  TeMPEFATURE CURRECFLUN
27 3 a5 13.00 799,02 13,00 19,50 0
1 ENGINE SPEED (REV/S) 40,00 40,00 40,00 40,00 49,00 40,00
28 16MITIOY TIMING 16,00 16,50 10,50 20,00 22,00 36,00
4 FUEL vopLumg ( CcC ) 102,50 102,50 102,50 102.50 102,50 102,50
2 BHRAKL LOAD 638, A0 63,r0 63,80 65.80 63.80 63,80
S FUtL TIme ( StC ) 30.10 31.75 42,60 32,80 32.55 31.40
6 FUEL TEMPERATURE ( C ) 15.00 12.00 13,00 13.00 13.00 12,00
A AIR METER TEMPERATURE ( C ) 1,00 18,00 19,00 19,00 19,00 17,00
11 INTAKE MANIFOLD PRESS.(mm H3)=255,68=252.67=215,82=179,73=129.34 =4%_12
26 EXHAUSY TEmP, (POST TUuRB() 476,0 490, 479,00 469,0 460,0 442,0
27 EXHAUST PRESSURE (PUST ThkRy) 19,6 20,3 22.6 26,3 s0,.8 41,4
13 CARHUON AONOXIDE ( % ) 2,400 LH0u .145 1 4SS <135 21K
15 CARBON DIUXINE ( 2 ) 15,000 14,500 12,900 11,400 9,900 H,1u0
16 0XYGEN ¢ X ) . 200 L5500 2,800 5,200 71,200 9,500
12 HYDROCARBUNS ( PPMC ) 1950,0 1440,0 13R0,0 1980,.0 2730,0 3600,0
14 OXI0ES OF NITRDGEN ( PPM ) T9u,0 14%0.,0 1500,0 T740,0 200, 42.0

CALUK]FIC
VALUE
19940,00

FRICIION
uPT (Ui
[

URBUCHARLED
uPTlun:
7}

udlPur
ubkl Lun
4



FPA/VH HECC METHANOL (79.5mm X 73_.dmm)

M E.CL/ROSCH DISTRIBUTOR IGNITION REFER TO FIGURE NOS. 27-30

MIXTURE LOOP AT 40 REV/SEC S.5 SAK nMEP

DATE 277 3785 TEST dn, 13,0 BRAROMETER 759,02 MM MG WET Buls TEMP(C) 13,0
DRY HBULB [EMP(C) 19,5

FELATIVE HiMIDITY = 46,74

HUMLIDLITY CORRECTTuUl FACIOK = T

GREINS OF wATER/ZLN DRY ATk = 46.02

¢ TF POWER = 0,0 RESULTS LISTLD AS G/KA=lHr AKE ACTUALLY G/nk 3
RESULTS Ih (BIPACKEFS) alk CALCULATED FHOM Alw MFTEK DATA

SPELD PGAER ItME P TORuWlE FUFL VOLUMETRIC AIR FUEL Holobo H C nuX [V ] cue HC ¢+ NUX
REV/S (2] AR Wb G/r¥ 1 EFFICIEANCYLY) RATIU z G/KW M G/ZKAMHR G/Ra K G/Rn K /KA HK
40,0 16.03 Sen0 635,80 LY 15,2( . U) a2 ( ) 29 .hY 3.067 3,79 78 .92 Tue.b4 7.42
40,0 16,03 5.50 6y 80 577.8 46,0( .0) b J0) 31,25 .13 h,94 19.69 755,20 9,07
a0,0 16,03 5,50 o5, H0 bY62,° 51.7¢ .0) 7.3¢ .0) 32,11 2,94 8,08 9,41 155,96 11.02
40,0 lo,03 S50 03 B0 558,.8 S8,0( .0) A4.2¢( J0) 32.51 4.71 4,05 6,04 745,41 9,16
40,0 16,03 5,50 63,80 S63,1 65, 8 ( L) 9.2 .0N) 32.06 1,40 1.38 6,45 143,11 - 8,84

10,0 16,03 5.50 63, 80 S84,2 19.4¢( LU) 10,8 ¢ .0) 30,90 12.1¢ .36 12.84 149,33 12.48



EPA/VH HREC METHANOL (79,5mm X

M,E.C./7RUSCH DPLISTRIBUTUR

73.4mm)

TOGHMITION

REFER TO FIGURE NOS. 31-34

MIXTUPE LOUP AT 60 KREV/SFC 2.5 dAR HMEP
Bukt. STROUKF MuUMBER ol CYCLY HIANE AIFP METER FUEL
) CYLINDERS TYPE CONSTAMNI CUnSTANT S.6,
79,50 73,40 “ n, 159.1551 L0000y <7950
DAY MONTH YEAR TEST HARDMETER we T uLH ORY RULH
. NUMLER TEMPERATURE  THAPERATURE
27 3 85 14,00 759,02 13,00 19,90
1 ENGINE SPEED (REV/S) 60,00 60,00 60,00 60,00 60,00 60,00
28 IGNITION TIMING 16,00 18,50 20,50 23.00 24,50 42,00
4 FUCL VOLUME ( CcC ) 203,00 203,00 203,00 203,00 203,00 205,00
2 URAKE LUAD 29,00 29,00 29,00 29.00 29,00 29,00
S FutlL TIMF ( StC ) S8.90 63,90 66,70 67,45 67,60 65,45
6 FULL TEMPERATURE ( C ) 12.00 13,00 13,00 13,00 135,00 12.00
8 ALR PETER TEMPERATUKRE ( C ) 18,00 19,00 20,00 19,00 19,00 1/,00
11 INTAKE MANTFOLD PRESS.(mm 1) =#36,16=033 ,90=412 H5=3R4 27=847,42~212.2¢
26 EXHAUST TpdP, (POST TuRrdn) AN .10 495,00 490,00 475,90 4nb, 0 42,0
27 [XHAUST PRESSURE (PUST TURRQ) 16.5 [ 21.1 P LI 24,06 42,9
13 CARBON HMDLQXIDE ( % ) PR LY 50 . 182 « 124 <117 . 227
15 CARpON DIOXIDE ( 2 ) 15.500 14,700 15,000 $t,000 9,700 7,600
16 OXYGLEN ( 2 ) 200 LH00 2,900 SH,400  7.400 1y fuu
12 HYDRDCARBUNS ( PPMC ) 1680,0 10200 B40,0 1350,9 1860,0 S400,0
14 OXJOES OF tITRUOGEN ( PPM ) G460,0 T90,0 6BO,0  2%0.0 90,0 20,1

H/CAKLON
RAT[uU
3,91/

PUWER
CORRECTION
0

CALOR[F|C
VALUE
19940,00

FRICTTUN
OPTIUN
0.

TukpbuCHAKGED
ub | JuN
1}

atpPul
uPTlun
q



EPAZVE HRCC DETHAYOL (79,.5mm x 73 _ amm)
MUFLCL/ZRUSEN DISTRIBUTUR 16HT T J0R REFER TO FIGURE NOS. 31-34

MIXTURF LOOP AT o kEV/SEC 2.5 HAR BAEP

DATE 277 3/7RS TEST nu, 14,0 BarusFTER 799,02 mM HG wl T HUlb FEMP(C) 13,0
DRY Byle TEMP(C) 19.5

RELATIVE HUIoTTY AheT4

HUMIDITY CORRECTION FACTOR = L HRA
= 46,02

GRALHS Of WATEC /Ly ORY alw

SPEED PONER HMEP TORGUE FUp L VOLUMETRIC AIR FUEL peT.t. H C MU X cu cu? HC + NOUX
REVZS (37 AR Nt G/RKW R EFFICIENCY () RAT LU 4 G/KAHK  G/un,HK  G/RW HK  G/Kn.HR G/RIW, HK
60,0 10,93 2.%0 c9.00 9047 30.6¢( .0) 5.9¢( o) 19,90 4,73 3,27 118,18 1044,4/ 8,00
60.0 10.93 2.50 29,00 833,72 30.8¢C .0} 6,40 J0) 21,67 2.1 5,42 26,10 109n,2¢ 8,10
60,0 10,93 2,90 29,00 ToR 2 35,6( <) 7.3¢( «0) 272 .62 2,53 5.17 9,548 1074,79 7.70
60,0 19,93 2,50 29,.u0 TH9 3 38.1¢( -U) 40 «0) 22,817 4,73 2.21 7.00 1099, 64 6,95
60,0 10,93 2.50 29,00 87,6 42,9 ( .0) 9.5¢( .0) 22,92 7,32 90 B,00 1049,710 8,22

[ 14,93 ?.50 f9,u0 439 .3 Su,2¢( .U) 11,3¢ J0) 21,50 27.1¢0 .25 19.93  loaH 2¢ 271,35



LPA/ZVR HRCU METHANOL (79.5mm X 73 ,4mm)

MLE,C./808CH DISTRIRUTURK 1uulTion REFER TO FIGURE NOS. 23-26

MIXTURE OO AT 40 REV/SEL 2.5 BAR BMEP (RFPFAT OF EPALT)

BURE: STHOKE NUMBE R OF CYCLFE BRAKE Al MEITER FUEL H/CARBON CALUKIFIC FTURHUCHARGED
] CYLINDERS TYPL CUNSTAN) CONSTANT $,G, RAYIU VAL UE UPIlun
79.50 . 73.40 4 4, 159.1551 LN00000 e 79%0 3.97 19940, 0u v
pay MONTH YEAR TEST HAKOMETER WET BULH DRY BULY POWER FRICTION uulrul

HUMBE R TEZPFRATURE  TEMFERATURE  CURRECTIUN UP I JON url Lyl

28 3 85 17,00 764,09 13,00 22,00 0 o, 4

1 ENGINE SPEED (REV/S) dOL,00 40,00 40,00 do, 00 40,00 40,00

28 IGNITION TIMING 14,00 17,00 20,00 21,00 28,00 38,00

4 FUEL VOLUMF ( CC ) 102,50 192,50 102,50 102,50 10,50 102,50

2 BRAKE t0AD 29,00 29,00 29,00 29,00 29,00 29,00

S FUEL TIME ( $tC ) AS,70 49,30 S0,90 S2.350 51,99 50,18

6 FUEL TEMPERATURE ( C ) 13,00 12.00 13,00 13,00 13,00 13,00

8 AIR METER TEMPERATURE ( C ) 23,00 20,00 21,00 20,00 20,00 20,00

11 INTAKE HMANIFOLD PRESS, (m tHa)=4830,90=427 ,t4=d11,34=380,51=34R,93=297,04

26 EXHAUST TEmP. (POST TUuRKO) 4o2,0 4dtn,0 4ave,.0 393,00 3Ho.,0 373,.0

27 EXHAUST PRESSURE (P0OS5T TURRUY) 6.8 7.5 7.5 9.4 11.3 16,5

13 CARBON MONNXIVE ¢ % ) 2,450 .550 L 180 .13H . 140 . 205

19 CARLON DIUXINE ( X ) 13.700 14,500 13,100 11,100 9,900 #8200

16 OXYGEN ( % ) 200 OB 2,500 S, 400 7,400 9,700

12 HYDROCARRUNS ( PPMC ) 1875,0 11700 1230,0 2046,0 2670,0 4800,0

14 OXIWES UF NITROGEN ( PPl ) 420,00 H20,0 8B40, 0 280,00 150.0 48,0



PATE 287 3/AS

RELATIVE
HUMIDITY CORRECTIUN FACTOK
WATEAR/LIS DRY ATR

GHAING OF

SPEED
REV/S

4y, 0
40,0
40,0
40,90
40,0
40,9

Ptk

KV

7,29
7.29
7,29
1.29
7,29
7.29

HUMIDITY

BMEP
AR

2.50
2.50
2.5
2,50
8.5“
¢L50

FPA/VO HRCC

MoF o CaZ0808CH DISTHIBUTOR IGNTITION

HLXTURE

Teoy

Lotk AT A

0

RUV/ZSFC 2.5 MAR o4LP

METHAGDL (79,5wm

X T45.4mm)

wit, 17,0 HRAROAETER 764,09 tm,uG ey
PRY
= 33.54
= LY
= 38,19
IF Pitskt = 0,0 RESULTS LISTED AS G/rvi=HR AKRE
RESULTS Ift (BRACKETS) ARt CALCULATED FROM A
TURUNE FUFL VILUMETRIC AR FUEL
[ /KW HR  EFFICIENCY(X) RATIOU
29.00 HA2 .3 30.1¢ .0 5.9¢( .0)
aY.u0 H18,6 30,5¢( V) 6.5( «0)
29.00 792,2 32.0( . 0) T.1¢( +0)
29,00 771.0 Th, B¢ .V) 8,3¢ .0)
fYLH0 7762 n1.5¢( o) 9.3¢( «0)
29,00 HOo4a,0 49,4 V) 10,7¢ )

But s

REFER TO FIGURE NOS,

(REPELAT UF LPALT)

(EMpP(C) 13,0

BUuLy TEMP(C) 22.v

h C
G/&4loHk

5.06
3.10
3.63
o, b7
10,05
2t.7e

tHix X
G/KWN G HR

2. 74
5.35
6,00
P.r8
1.18

D3

23-26

cu rcue
G/KWtHk  G/KeoHR
115.72 ivisb,68
25,76 106/5,45

Y.3v 10Ld, Y4

8.135 1uer,74

9.2¢ lugn, 4}
16,22 1019,65

HC ¢+ NUX
L/haHK

7.81
8,91
9,04
9,15
11,24

- 22.24



EPA/ZVU HRCC METHANOL (79,%mm X T4, 4mm)

REFER TO FIGURE NOS. 51-54
MLE.C./7BO8CH DISTPLUUTUR 16HITLOW

IGNJ IO SWING AT 40 REV/SEC 2.% BAR 0,8 Fuulv, KRATLU

BURE STROKF MUMBER uf CycLi BitAKL AlK AETER FUEL H/CARBIN CALuKF]C LuRBUCHAKGED
CYLLINDENRS TYPE coNstand LUISTANIT S.6. RATIU VALVLE uPlluw
79.50 73.40 4 0, 159,1551 LH00000 Y ELY( 3,97 19949,00 U
DAY MONTH YE AR Te ST YAROME TEK Wb T BULYE PRY BULB PUNER FRICTIun uulrul
wWHMHFR FEMPERATURE 1EmMPEKAITURE  CURRECTIUN OFTLON uPtlun
30 3 85 18,00 753,60 13.50 19,00 0 0. “
1 ENGINE SPEED (REV/S) qU 00 40,00  a0,00 40,00 4,00 40,00
B IGNLYIOL TIMING 30,00 25,00 20,00 15,00 10,00 5,00
4 FULL VOLUME ( CC ) 102,50 102.50 102,50 102,50 102,50 102,50
2 NRAKE LUOAD 29,00 29,00 29,00 29,00 29,00 29,00
S FUEL TIMF ( StC ) 52,00 S52.1% 82,20 52.00 S0,45 47,85
6 FUEL TEMPERATURE ( C ) 12,00 12,00 12,00 12,00 12,00 12,00
8 AIR P'ETER TEMPERATURE ( C ) 19,00 21,00 20,00 19,00 19,00 21,00
11 INTAKE MANTIFOLD PRESS, (mm 1i0)=374,50-379,249=375,25=378, /0=%03,9]=342,91
26 EXHAUST TeMP, (POST TURBO) 391,00 394,0 3594,0 400,00 Hl6.0  443,0
27 EXHAUST PRESSURE (PUST TURED) 9,8 9.d 9.4 9,8 9.4 Q.48
13 CARBOM MONOXIDE ( % ) « 158 o145 . 145 <140 « 150 «113
1S CARUON DTuxlbdt ¢ X ) 11,400 11,000 11,500 11,500 V1,500 11,5040
16 UXYGEN ( % ) Y900 4,000 4,900 4,900 4,900 4,900
12 HYDROCARBUNS ( PPNC ) 20400 20400 2000,0 2040.0 2040,0 20400

14 OXIDES OF NITROGFN C PPM ) 480, 0 3RO 290.u 205,00 130,40 50,0



SPCE
REV/

40,0
40,0
40,0
49,0
40,0
49,0

haTL 30/

RELATIVE

3s85

HUMTDITY

EPA/VY

HRCC

HE THALDL (79.5mm

Mab oCo/Z08CH DISTPIRUTOR IGNTTEUN

JGHTITION SWIML, A

TEST

HUMIDLTY CORRECTIUN FACTOK =
WATFR/LH DRY AR =

CRATHS OF

n POWE
5 R

7.29
7.29
7.29
7.29
7.81)
71.27

HME P
AR

.50
.50
PY )]
2.50
S.H0

14

N, 18,0
53,67
<9
St.65
IF POWER = 0,0
RESULTS 1t QO
TUPwbE FUFL
Nt G/ g hie
29,00 7761
29,00 173%3,9
29,00 773,2
°Y,00 T7o,1
Y, u0 KOO, 0
°Y.00 HUR R

BaAkOmETER 753%5.b0

T 40 RFV/SEL 2.5 HAR

RLESULTS
PACKETS)

VOLUMETRIC

In,3¢(
36.5¢(
S6.%¢(
Jo.3¢(
37.4¢
ho,0(

-v)
.U)
.0)
.0)
)
.0)

EFFICTENCY (%)

X 785.4mwm)

0,8 tYlllv,

M, HG

wk T

/Kvi=tiR
TED Fr
AR FUEL
RATIU
Bt
Ba1(
8.1¢(
8.1¢(
B.11(
Bo1(

o)
L0)
.0)
)
L0)
V)

KAFTU

HuLb TLmP
DRY KUty 1EmP

¢3.33
23.3%
23.20
22,517
21.27

REFER TO FIGURE NOS.

(C) 135.5
) 19.0

H ¢
G/RnHK

6,73
6.7¢
b.66
6,68
6,90
7.33

NuX
G/rwn, nit

4,12
3.25
2,46
1.75%
| K]

o 75

Cu
b/ Kttt

Y.12
H, 55
H,27
h,ue
1.09
7.10

51-54

cue
L/ K

1vss, o/
1031,83
10s51,.11
LU35,51
LueR, 23"
115,01

HC + NuX
L/RA G HK

10,85
Y.97
9.12
8,43
8,04
B,07



)

7

EPA/VY. HRCC METHANUL (79.%mm X T73_,4mm)
M E.CoZ7BUSCH DISTRIKUTUR TGNITLON

IGNITION SwING AT 40 REV/SEC 5,5 BaAR 0,8 fuulv, RATIU

({3 STRORF MutisERr OF CYCLF BPrAKL Al METER FUFL
CYLINULEKS TYPE CHUSTANT Coustanl S.he
92.50 73.00 ] a, 159. 1551 LO000G00 « 1950
DAY MONTH YEAR TeS8T BAROMETFR WE T HuLs DRY BuLH
i NUIMRE R TeMrt kATURE  TEFMPERATUPRE

31 3 8sS 21,00 158,20 15,50 23,00
ENGINE SPELY (REV/S) 40,00 40,00 HJo,00 A0, 00 40,00 40,00
TGHLITION TIMING 30,00 25,00 20,00 15,00 10,00 H.00

FUEL vOLUmME ( CC ) ’ 208,00 203,00 203,00 203,00 203,00 203,00

HRARFE LUAD 63,80 63.R0 03,80 63,80 64,80 63.bU

FUEL TIuk ( sLC ) 63,720 63,9% 64,195 635,05 61,25 5SH.45

FUEL TEMPERATURE ( C ) 12,00 12.00 12,00 12,00 12,00 12,00

AIR METER TEWERATURFE, ( C ) 21,00 21,00 21,00 21,00 22.00 22,00
INTAKE MAWTIFOLD PRESS.(mmi Hg)=167,95«172.21=173,71~169,20-157.92-138,.37
EXHAUST TENP. (POST TukHe) 4hY, 0 d465.0 dhb. 0 ATd, 0 492,0 4Hlh b
EXHAUST PRESSURE (FOST Turto) el 27.1 cl.1 27.1 27.1 2l.1
CARHON MONOXIDE ( X ) L1448 150 . 159 .14n .1506 .128
CARBUN DIUXIDE ( % ) 11.500 11,500 11,400 11,.%00 11,500 11,500
ORYGEN ( % ) Q9,900 H,9%00 4,90y 4,900 4,900 4,900
HBYDROCARRLUNS ( PPML ) 2040,0 19%0,0 1950,0 195%0,0 195%0,0 1950 0
OXIDES OF NITROGFN ( PPM ) 1200,0 950,40 750,00 S20.0 32u.,0 180,.0

REFER TO FIGURE NOS.

55-58
H/CARbON CAapukliFrIC
RATILOU vaLut
3.97 19940,00
Puwp R Frigljun

CORKECTTIN
[V

TN R
v,

TurRnuChHanGED
Urt Luw’
v

ubiPur
vl ut
Yy



FPA/VW HRCC MEFTHAIIIL (79,5mm X 7%, 4mm)
REFER TO FIGURE NOS. 55-58
Mo oL /B0SCH DISTWINUTOR L1GuTTI0d

TGAHITION SWING AT dU REV/SEC 9.5 BAR  0,K FuwlilV, RAILJU

NDATE 317 3/85 TESE no, 21,0 HAROMETER TS8,.20 m_pb WET HULLb TEMP(L) 15,5
DRY hult TEMP(C) ¢3.0

RELATLIVE mtnaliolTy = 4q,70

HUMIDITY CORPECTIION FACTOK = .92

CRATUS OF FATER/LG DRY Ak = S4,.71

Ik POWdER = 0,0 RESULTS LISTED AS G/Kea=lR ARE ACTUALLY G/Hb 2
RESULTS [N (BRACKETS) AREL CALCULATED FROM ALK MEIER DATA

SPELD PUNER HME P TURWUL FUbL vOLLME IRC ALR FUEL Beloke o X cu cue HC ¢ NOX
REV/S K4 AR N, G/ZKW MR EFFICIEACY(R) AT IV X G/RAgHK  G/KW . HR b/ An hbt G/Kwatik L/R Y hK
mQ.v 16,03 .50 65,480 Y749 59.2¢( . 0) Ho1d( .0) 51,41 4,95 7.68 6,24 /06,48 12,63
40,0 1o,03 5.50 65,80 S0H 1 S8,6( «U) A.1( u) 31,78 4,68 6,01 6,29 197,93 10.09
YU 10,03 .50 63,80 S6h 0 SB,.S5¢ o) 8.1 .0) 31,808 4,10 4,717 6,53 155,00 9.4
49,0 16,03 Ha50 63, h0 576,2 SY.,4( U) Rot( .0) 31,358 4,74 3,54 6,30 foh HE b,u8
40,0 16,08 5,50 63 R0 503.2 61,4¢( V) A1 .0) 30,44 4,89, .12 S.Yh 192,24 7.ut
40,0 o, 03 5,50 64,80 6] ,6 hu 3 ¢( «0) #o1( «0) 29.04 5.13 1.25 S0y H350,Hy 6,37



EPA/VY (RCC MLCTMHAHOL (79.%mm X 73 dmm)

MoboLoZ7RUSCH DISTRIJUTOR TOGHITION

MIXTUPE LOOP AT 40 REV/SEL 1.5 BAR pMpp

AORL STRORE NUMBE K UF CYCLt
CYL LNUERS TYPS C
79.%0 73,40 0 q, 1
DAY nONTH YEAR Tes7T AR

FUME R

1 q4 Ho 2H.,00 754
1 ENGIULE SPEEDL (REV/S) 49,00 40,00 4o
28 1GHITION TIMING 16,00 8,50 2u
4 FutL vorLoumt ( CC ) 102,50 102,50 102
2 BRAKE LOAD 17,40 7,40 17
S FUEL TIMF ( SEC ) SH.00 61,85 by
6 FUtL TEMPERATURE ( C ) 13,00 13,00 13
8 AIR PETER TEMPENRATIKE ( € ) 22,00 22,00 22

REFER TO FIGURE NOS, 19-22

11 INTAVE MAWIFOLD PRESS,(mm i) =479 ,02«473 01-460,98=438,42=409,09=569.723

26 UXHAUST TEMP, (POST TuRHBM) 363,0 372.0 37
27 EXHANST PrESSURE (POST TUxBO) 5.3 5.3

13 CARBOM MONOXIDF ( % ) 2.400 000 .
15 CaRsON DIOXINE ( % ) 13,900 14,400 313,
16 OXYGFEH ( % ) L200 L0502,
12 HYDROCARBOHS ( PPHC ) 2130.0 1320,0 135
10 OXIDFES UF NITHOGEN ( PiPm ) 260,0 S00,0 40

BRAKE AR METER FUFL

utsSTaul COMSTANI S.6,

59.15%1 000000 « 7950

METENK we T UL OMY pULH
TEMPERATUKRE TFAPERATURE

.65 14,50 21,00

L00 40,00 40,00 40,00

LU 21,50 27,00 37,u0

S0 102,50 102,50 102,50

LU0 17,40 17,40 17,40

0 BB U0 bbb, NS HI U0

LO00 13,00 13.00 13,00

LOD 22,00 22,00 21,00

1.0 366,0 360,00 3480

6.0 6.8 4,3 12.0

192 «14d3 . 165 214

GO0 11,200 9,50 7,900

500 S.300 7,100 9_604

0.0 1920.0 2820,0 44000

0,0 17%,.0 80,0 30,0

t/Cakrbain
wATju
391

PUNEK
CURKECT J UL
0

CALunriC
VALUE
19940490

FrRICLIUN
OP | Tipes
138

luHyuCrAuit L
ublTud
[

uiirul
ubllan
o



NATE 1/

eLatfvl

HUDLITY COrRRECTTOLN

CRALHS OF

SPEED Pui e
KEV/ZS nvl

49,0 u, 37
40,0 u, 37
4u,v n,37
a,u 4,37
a0, 4,87
hy 0 u,87

4/84%
AT ITY

wATEER/LN

(LRSI
AR

1,%0
1.50
1.50
1,50
1.5
1.5

B VAR

Mot oo Z70800SCH

EER QRIS

HICE

LUOP AT 4o

TSI v, 25.0
= H KT
FaClTow = <01
PRY Ak = 53,18

se s a0

TURGIE
fo o™i

17,40
17,40
V7,00
y/ 000
17 . un
I/ 00

FUEL
G/Kw 1P

1158,7
{oth 6
16 .8
1014,.°2
1m7,4
to6g, o

I THArE

BAROME TE R

(79 ,5mmn

wtV/SFC 1

>4

voLisg 1]
EFFICTERC

23,9¢(
2.5
26, 2(
29,5
3s5.0¢
a0, 1¢

A TS amm)

DISTRIDINR JGNT T TuN

o5 UAK HNEP

+05 M HG

C Al® FUE
YU%) AT L0
1) 5.9
V) 6.0 (
L) 7T.1¢
L0) (AN ¢
.0) R
o) To.8¢(

wt T
DRY

L

o)
«0)
<)
. 0)
o)
L)

BylLb
HwulLo

Helobia hc

ra G/Rw, ik
15,548 71.66
16,62 a,77
17,25 9.30
17,73 w47
17,74 14,02
17,05% 29,60

REFER TO FIGURE NOS,

Iene(C) 4.5
FemP(C) 21,0

Hyx

G/rd bk

2,49
.73
4,12
2.02
1.0/

.95

cu

L/ Ko hie

150,93
371,93
145,19
11,04
14,16
23,uA

19-22

o2

G/Rn  Hik

135%5.9%0
14¢0,34
14v3.1v
1394,.58
1589, 20
1354%,93

HC ¢+ NuX
G/KwW HR

10,11
9.51
9.42

10,.%0

19,49

30.15



EPA/ZVY HRCC METHARNOL (79.%mm X 73,d4mm)

M EL.C./BOSCH DISTRIBLUTOUR TGHITION REFER TO

MIXTURE LOUP A1 60 KHEV/ZSEC 5.5 PAR 'MEP

RORE STROKE it OF CYCLt HRAKE Al METE

CYLINDERS TYPF CUMSTAMT CUNSTAN

79.50 713,40 4 a4, 159.15451 09000
DAY HOHTH YEAR TEST HAROMETER WET nulp

- MUMAE R TEMPERATURE

1. 4 HS 26,00 754,65 14,%0

1 ENGINE SPEED (REV/S) 60,00 60,00 60,00 AO,00 60,00
28 IGNITION VIMING 16,950 1A, 00 20,00 22.00 25,50
N FUEL VOLIME ( ¢C ) 203,00 293,00 203,00 203,00 203,00
2 ARAKE LGAD 63 .80 63 80 63,80 63,80 o6h.80
S FutL Time ( SEC ) 37,05 39,80 41,30 42,15 42.20
& FULL TEMPERATURE ( C ) 14,00 13,00 14,00 14,00 14,00
8 ALR METEK TEMPERATURE ( € ) 24,00 23,00 24,00 £3.00 23,00
11 INTAKE MANIFOLD PRESS, (mm Ha) =268 86-261,70=233,12-JH3,49=118 82
26 EXMHAUST TeMp, (POST TupPpn) 54,0 S77,0 S68,0  S40,0 S15,0
27 FXHAUST PrISSURE (PUST Tuwriio) 42.9 46,6 44,9 55.6 60,9
13 CARBNL Mia0x1dt ¢ % ) 2.500 L6000 70 . 1348 112
1S CAPUOl DIuXIDE ( % ) 13.5%00 14,400 15,000 11,100 9_ 700
16 UXYGEN ¢ 2 ) L2N0 LB 2,400 H,0%0 (1,300
12 HYDRICARRUNRS ( PPHC ) 1oHy,0 1050,0 720,00 960,00 1440,0

14 OXIPES OF 1H1TROGEN ( PPM ) BA,0 1550,.0 1600,0 AB0,0 175.0

K FUEL
T S.6,
0 <7950

DRY HULR
TEMPERATURE
21.00

60,00
35,00
203,00
63,80
40,.6%
13.00
22.00
=-39,.86
499.0
85,0
180
8,300
9,300
e, 0
55.0

FIGURE NOS, 35-38

H/CARB U
KHAT]U
3,97

PUWER
CORRECT S UM
w

CALUKRIFILC
vALUE
F9940,00

FRICTTun
oPTlrag
V.

TuxkhuCHAKGED
uPt lun
]

vdlrul
uP i fun
4



EPA/ZVE nCC SETHANOL (79,50m X 738 ,4mn)

ot o€, /78303CH DISTRISUTOR 16NETTO REFER TO FIGURE NOS. 35-38

MIXTHRE LODP AT 60 REV/SEC 5.% BAR op

DATE 1/ 4/78% TLST nun, 26,0 RAROMETER 754,6% aMJhils wEl Bulo [EMP(C) 14,5
DRY odlis TEAP(C) 21,0

RELATIVE HOMIDTTY = 4B KT

HORIOLTY CORRECTION FACTOR = .91

GPALNS UF WATER/ZLE DREY Alk = S3,.18

21k POWEN = 0,0 RESULTS LISTED AS G/Rvi=1tR ARE ACTUALLY G/HK ¢
RESILTS In (HﬁA(K[rS) ARE CALCULATED FROM ATK METER DATA

SPLED PUMER 1MEP TURGUE Futt VOLUMETIR]C AIR FUEL BeToE, h C NUX cu cue HC + wuX
PEV/S nit HAR [ C/kYi 1 EFFICTEICY L) RATIU % G/RneHE  L/KnoeHR  G/KM. MK G/Rn bR /KA e
U] 24,09 5.50 R 65,0 49 ,6¢( .U} 5.9¢( .0) 21,67 3,59 4,44 By ,24 Tun 71 /.83
YL} 2u,05 9550 h3 no 6NA 0 H50.4( 1) 6. 0( .0) 29.09 .11 A 1 el. 12 196,49 10,29
HU L0 fuL05 5,50 6h B0 SKS, 4 Hd 2 ( L 0) 7.2¢ .0) 30.84 1.59 9,21 0,5/ lov, 11 1o,.86
60,0 20,08 .50 i b0 73,6 t1,2( L) n,3¢( .0) 31,4 2,43 1,51 6,11 111,92 6,94
60, ¢ 24,08 5,50 64 ko ST72.9 To,0¢( J0) 9,5¢ L0) 31,51 4,14 1.32 S.04 767,u] S5.46
Hyo 0 20 ,0% 5,50 Hhi, R0 SO5 3 RP 2 ( L0) 1o, 7¢ L) 10,53 9,74 N9 1,69 714,35 tv,e7



EPA/VAI HRCC METHANOL (79.%ma X 73.4mm)

Mot e CoaZ7BOSCI DISTRIBUTUR TGRITION
MIXTURE LOOP AT 60

REV/ZSEE 7.0 AR LiMEP

RORE STROKRE HNuMbER uF cyaLr bDRAKE AIR METER FUEL
CYLIMDERS TYPE CONSTANT CUMS3TANI S.6,
79,50 73.40 17} 4. 159.15951 LH00000 <1950
DAY MONTH YEAR TEST BARUME TEK YET iUl DRY HuLnp
NUMIER TEMPERATURE  TEMPEFRATURL
1 4 8S 27.00 754,05 14,50 21.00
1 ENGINE SPLED (REV/S) b0, 00 bU,00 60,00 KO, HO, V0 O, LD
2R OIGNITIUN TIMING 16,00 18,00 19,50 21,00 ¢6,00 32,00
4 FugL voLumr ¢ CC ) 304,00 304,00 304,00 304,00 304,00 304,00
2 BRARE LUAD 81,20 81,20 H1.,20 &81.20 81,20 4H1.2v
S FULL TIMND ( sStcC ) A, 70 B9, A5 SY . BY S3.25 H5.2% 92.9%9
6 FUEL TEMPERATURE ( C ) 14,00 13.00 13,00 13,00 13,00 13,00
& AIR METER TEMPERATURE ( C ) 22.00 23,00 24,00 23,00 24,00 22.00
11 INTAKE MAHNTFOLD PRESS,(mm Nl =121 ,76=181,98=145,14 =84, 22 =38,35 =6,02
26 EXHAUST Temr, (POST TuRnn) 576,00 03,0 S91.,0 Sba,0 537,00 525,0
27 [xHAHST PRESSURE (PUST TURKWY) 57.9 ol 4 L PR 17.5 sy, 7 95.5
13 CARKHONM MOLUXIDE ( %X ) 2.300 L6000 . 158 . 135 .118 «129
15 CAkUBON DIOUXIDE ( % ) 13,800 14,300 13,300 11,500 10,200 9,504
16 OXyYoed ( % ) 200 LHN0 2,400 4,900 o.750 7,800
12 HYDROCARBUNS ( PPM(E ) 17900.0 1020,0 S70,0 K40,0 1290,0 1740,0
14 OXI10LS UF YETHROGEN ( FPM ) 950,0 1900.0 1800,0 T80,0 320,0 190,090

REFER TO FIGURE NOS, 39-42

H/CARBUN
KAT1G
3.97

PUNEK
CORRLCTLUN
(]

CALUKRIFIC
VALUE
19940,00

FrICTIUn
UP119ON
V.

ThkhuCHAKGE D
Uk 11U
v

udiPul
uP 1t TON
o



EPA/VE HRCEC HETHANOL (79,5mm X 73 ,4mm)

Mo Co/B0SCH DISTHIBUTOR I[GRTY1uY REFER TO FIGURE NOS 39-42
MIXTURE LOOP AT 60 REV/SEL 7.0 HBAK UMEP

DATEL 1/ 4785 TEST o, 27.0 HARKOMETER 754,05 M Hi WET tsitts THFMP(C) tua.S
DKY NButb TEMP(C) 21,0

RELATIVE nHUAIpITY = 48,87

HUMIREITY CORRECTIUN FACTOR = .01

GRAIMNG OF wWATER/LD DRY Al = S3.18

O POWER = 0,0 RESHLTS LISTED AS G/KW=ItR ARE ACTUALLY G/HK @
HESULTS 1IN (HRACKETS) ARE CALCULATED FROM Alk METER wATA

SPELD POt R s TURGUFE FUFL VOLUMETRIC AIR FUEL B.TabW H C NUX cwv cul HC ¢+ NUX
REV/S (3] HAR Mo G/KVvi, bl BEFFICIEHCY L) RATIU % G/KWHR  G/ZKW.HK L/ZKn K GZKh R L/Kw  HR
00,0 Iu,61 7.00 Rt 24 609, 59.1¢( V) 5.9¢ .0) 29,64 3,26 W, b6 15,29 Tuv A9 7.91
by, 0 30,61 7.00 RE,20 571.2 hy 3 ¢(C V) b4 ( L0) 31.01 1.94 9,48 19.94 Tun, 15 11,42
60,0 .61 7.00 1,20 sa9 7 64 B( .0) 7.2¢( .0) 32.84 1.10 9,59 9.62 ICEPR Y} 10.75
60,0 30,01 7.0u fr,20 53u,7 71.7¢ o) no2¢( .0) 33,70 t.92 4,66 5.39 Tel 03 6,58
60,0 Ju.6t 1.00 By, 20 S3a,1 a0,3¢( Ju) 9,.1¢( <0) 33,70 3,30 Peld 5,28 114,39 5,45

6y, 0 30,61 7.00 1,20 Sa1 4 Ao 1 ( .4) 9,7¢( .0N) 33,32 4,81 1,58 6,24 71¢1.,5% 6,18



EPA/ZVIC HROC METHALOL (79 .5mm X 73,dmm)

Mot Co/7BUSCH DISIRIBUTUR THNETIUGN REFER TO FIGURE NOS. 43-46

MIXTURE LUOUP AT 15 REV/SEC TDLE

kORE STROKE hunikERr aF cyeur HEAKE Alk METER Fut L H/CAKRBUNL CALURIFC TursuCnaksly
CYE THDERS IR2N] CUNSTAMI] CLIISTANT 5.6, RAT]O VALUE [S12N N NI
79.5%0 13,10 q . 159,1551 L000000 L 71950 3.9/ 19940.,00 v
DAY MONTH YEAK TESY BAROME TEK VET BULDL BpRY BbULB PUNER FreiClIun wulrul
- - HUMBER TEMPLKATURE TEMPLRATURE  CURNECT Luw el jun uPl jurn
P L} HS et .00 766,50 15,50 23.50 0 0. 4

1 FNGINE SPEFU (REV/ZES) 15,00 15.00 15,00 15,00 15.00 15.00
B TGNITION TIMING 20,00 26,00 206,00 20,00 20,00 20,u0
4 FOCL voLumeE ¢ CC ) S2.00 S22 .00 S2,00 He. 00 S2.00 S2,.0v
2 HBRAKE LOAD <04 .00 ROX] .00 0V .00
5 FUEL TI¢4 ( SEC ) 1a40,.,95 147,20 152.10 the 90 159,40 156.1%
& FUEL TLMAPERATURE ( C ) 12,00 12,00 12,00 12,00 12,00 12,00
A ALR METER TEMPFRATURE ( € ) 29,040 36,00 32,00 54,00 45,00 36,00
11 INTAKE MARIFOLD PRESS.(mm 1g) =562 ,.50=5603,25=557 ,25=550.46=54%5 ,95-53¢,91
26 FXHAUST TEMP, (POST TUuRBD) 10,0 100,00 109,00 111.0 116.,0 121.0
27 EXHAUST PRFSSURE (POS3T ThKAW) .0 Y o Y .0 .0
13 CAKBON MOLOXILE ( % ) 2,600 ) 60D JHOY L2550 220 .240
15 CARBDN DIUXEIDE C % ) 12,900 15,200 12,900 12,200 11,100 10,000
16 UXYGEN (%) 1,100 t,.600 2,300 3,900 S, 400 [J,000
2 HYDROCARHUNS ( PPMC ) 3600,0 3600,0 3600.0 4bhdH0,0 S400,0 6600,y

14 OXIDES OF NITROGEH ( PPH ) 12.0 1.0 1a.v 1s.0 12.0 10,0



EPA/VY (L METHASOL (79,%mm X 13, 4mm)
Mol WG /BNSCH DISTRIRUTOR 1631 TTON REFER TO FIGURE NOS. 43-46
PIXTHRE LOOP AT 1S REV/SEC TDLE
PATE 2/ 4/4% TLST o, 28,0 HAvOME TER 766,50 M 1l ab T Ul TEMP(C) 19,5
DRY HULUY TEMP(C) 25,5

CELATIVE BimMJDITY = a2.01
HUSMIPLTY CORRECTIHE FACTDR = .91

Glkalts OF waTER/Ls OPY ALl 52.38
CTE POAER = 0,0 RLSULTS LISTED AS G/rw=HK AKE ACTUALLY G/Hk ¢
HESULTS TH (BYACKETS) aARE CALCULATL“ FRUM AlKk MEIEK DATA
SPEED [NV Ay Tl FUEL VILIMETRIC AlR FUEL H,T.E. H C NUX cu cul HC ¢+ NuX
REV/S b (LN YS [T G/Kvw HR FFFICTENCY L) RATTO % L/KH HR  L/Ka MR G/kn. i L/Ra MR G/Ra HK
15,0 S 00 L0 105K 8 13.7¢ 0) 6,0 ( .0) VU 12.v2 PR t91.79 1188,.31 te.t2
15,0 00 00 L00 1013,8 160,2¢( .9) 6,4 .0) .00 12.04 .12 93,57 1212.95 12.16
15.0 T L0 LS00 IR L1 14,.5¢ L0) b R( .0) o0 12.56 .13 48 . b7 1256, 12.69
15.0 L 00 «0u Jun 959,11 15.5¢( o) AN ¢ . 0) LU 17.12 .12 1,10 1234.,58 17.25
15,0 L0 L0 LS00 986.2 1o6,6( .0) RL0( <0) .00 ct.51 .12 15,19 124,00 21,44

15,0 Luu L0 L00 unyg 7 1, a( L0) noT( .0) .00 2H,93 .11 18,40 12u4,.78 29,09



B

7

PO NANNVE X -

11

27
13
15
16
12
14

EPA/VW HRCC METHAMIOL (79,.5mm X 73,4mm)

M.ECo/HOUSCH DISTRIBUTUR 16NITION

IGNITION SWING AT 1% REV/SEC TDLe STUICH, AFR
ORE STHORE NUMBER OF cyCet HHAKE ATk nMCTER FUEL
CYLINDERS TYPE CumnsTAYl CUISTANT S,.6,.
9.50 73,40 4 4, 159,15%1 LO00600 W 1950
DAY MOLTH YEAR TLEST BAROME TEK WET JuLs DRY sULH
- ’ NUMBER TEMPERATURE  TEMPEKRATUKE
2 4 85 29,00 166,50 15,50 23.50
ENGINE SPEEDR (REV/S) 15,00 15.00 15,00 15,00 15,00 15,00
IGNITINN TIMING 30,00 25,00 20,00 tS.00 1a,00 S5.00
FUEL VvOLumt ¢ CC ) H2.00 H2.00 S2,00 H2.v0 52,00 52,00
BRARE LOAD .00 .00 + 00 V0 .00 .00
FUEL TIME ( SEC ) 145,4% 146,00 146,40 145,40 142,00 137,70
FUEL TEMPERATURE ( C ) 13,00 12.00 12,00 12,00 12,00 12,00
AIR NETER TEMPERATURE ( C ) 37.00 35.00 36,00 36,00 37,00 37,00
INTAKE MANIFOLD PRESS . (mm Hg)=564,00=565,50=565,50=564,00=561,74=-5506,48
FXHAUST TP, (POST TURHD) 112,00 109,0 108,00 110.0 14,0 120,0
FXHAUST PRISSURE (PUST TURKLO) o) o0 U N U 0
CARMON MONOXIDE ( % ) 1.600 1.650 1,500 1.500 1,400 1,400
CARBON DIUXIDE ( 2 ) 15,200 13,200 13,200 13,300 13,400 13,500
oxyYutn %) 1.0600 1,500 1,400 1,356 1,400 1,300
HYDROCARKONS ( PPIC ) 3909.0 3600,0 3450,0 3150,0 2640,0 22200
OX1NES OF NITKOGENW ( PP ) 16,0 t3.u 13,0 12.0 1l.u 10,0

H/CAKRON
kallu
3,917

VT AL
CurKECTION
()]

REFER TO FIGURE NOS. 47-50

CALOR{F]C
VALUE
19944 ,00

FrRICTIURN
OPTLun
G,

TurroCrnAriuti?
urliuu
v

uirul
uPllun
4



FPA/ViIe HRUC “FTHAMOL (79.5nm X 74 ,4mm)

Mol CaZ8050H DISTRIBITOR TONY T TON REFER TO FIGURE NOS 47-50
TGHITIO SHING AT 1S REV/ZSEC IILE  3TullH, AFKR

DATEL 27 W/n% TEST o, 29,0 BAROMETER 7b0,50 “IM.rG WET RuLB 1EMP(LC) 16.5
DKY BULts TEMP(C) 23.5

PELAYIVE MIAIDTTY = 42.01

HUMIPLTY CORRECYTT FACTK = .

GRAING OF wATER/ZL W DRY AR = 52,38

D lF PORR = 0,0 RESULTS LISTED AS G/hw=HK AKRE ACHUALLY G/t ¢
RESULTS INH (RRACKRETS) ARE CALCULATED FROM AIR METER DATA

SPEED PUREL AN TORWUE FUFL VOLUMET®R]C AIR FUEL Belaboe H € MO X cC U cue HC + wNUX
NEV/S Rl AR Mg G/hw HEE  EFFICIENICY(R) KATIU % G/RA MR G/KnaHR G/RALHR  G/Kn K G/Ra KX
19.0 LUb .00 .00 10251 14,4¢( J0) b, U .0) .00 13,16 .14 94,45 12¢4,01 13,30
15.0 LU0 0o N0 102214 14,2( 0) 6, 3( .0) <00 12,10 W11 96,917 1248,90 12,21
15,0 LU0 .00 . 00 10193 14,3( wV) 6, 35¢( o) ] 11,09 o11 LE-TM 122H,9v 11,80
1h v 00 N0 .00 1026,4 14,3¢( . ) 6.3( .0) .00 10,09 o1 A9,08 1240 ,90 1u,.80
15,0 L00 .00 L0 10509 14,9¢ ) b 0 ( .0) »0u 9,21 .10 895,42 1204,50 9,51

15.0 LO0 O] .00 1o8%,7 15.3¢( JU) H o) SO0 7.95 .09 Bl1.715% 13e9.44 T804



tPA/ZVR HRELC METHAHUL (79.%mm x 73 _.dmm)

BOSCH/M L Ce TGHITION = CORRECT FUEL INJECTORS REFER TO

FULL LOAD POWER CUKVE~LBT FUELLLIMNG,#uT LGd TIMING

AURE STHORE PUMBRER OF CYCLE HRAKE ALK METER FutL
CYLINDERS TYPt Cuits TAN CONSTANI S.6,
79.50 73,40 q q, 159,1541 L000V00 L79%0
LAY MOKTH YEAR TeST BARUMF TER wET nuLp VRY glILBH
HNUARER TEAPERATUKE  TEMPERATURE
25 1 &S i6,00 765,21 15,00 22,00
1 ENGINE SPEED (REV/S) 20,00 30,00 40,00 50,00 60,00 70,00 80,00
26 JGNITION TIMING 7.00 11,00 14,00 16,00 16,00 17,00 1R, 00
4 FUEL VvOLUME ( CC ) 203,00 203,00 304,00 304,00 507,00 S507,.00 507,00
2 BRAKF LOAD YE.00 107,50 113,40 125,70 122,90 118,80 117,20
S FUFL TIME ( StC ) 79,00 49,80 54,30 39,10 5%,50 47,50 4,30
6 FUFL TEMPERATURE € C ) f4,00 14,00 13,00 15,00 13,00 13,00 12,00
B AIR METER TEMPERATURY ( C ) 17.00 16,00 19,00 18,00 18_060 19,00 20,00
11 INTAKE “ANIFOLD PRESS, (mm, Hq) =7H%  «1.50 =1,50 =2.2nh =3,01 ~4,51 =6,02
26 EXHAUST TEMP, (POST TukBO) 3780 abs .0 S19,0 S577.0 611,00 633.0 65H.0
27 EXHAUST PRESSURE (PUST 1UREID) 16.5 24,1 44,4 o2 107,55 144,40 197,90
13 CARBON MONOXIDE ( X ) 2,100  2.%00 2,300 2,600 2,390 3,000 2,900
1S CARMBON DIUXIDE ¢ % ) 18,700 13,500 13,500 13,300 13,500 13,000 13,4500
16 OXYLEN (% ) A1) 200 200 e UL «250 2040 20U
12 HYDROCARBUNS ( PPMC ) 1470,0 1860,0 1920.0 2520.0 1500,0 1260,0 2190,.0
14 OXIVES OF NITROGER ( PPM ) 105%0,.0 250,00 1100.0 1200,0 1350,0 9%0,0 1100,0

A/ CARBUNL
KALLO
3,97

PUWER
CURKECTIan
1

90,00
29,00
S07,00
113,00
Sov,20
12.00
22U
=-1.52
6H91,0
243,060
2.800
15.5uUv
200
2100,v
1350.,0

FIGURE NOS. 14-17 and 59-62

CALUKILIFIC
VALt
19949 ,00

FRICTIUN
UPTioN
0.

TURBUCHAKGE D
ubP i lun
v

uulrul
ubPtlun
1



SPEED
RFV/S
20,00
30,00
ap,nu
Su.00
60,00
70,00
80,00
Yo, 00

HatNLPRES

(B VARVERTI B o
BOSCH/MGF O,
FuLL LA '

()

-

I THA oL
1T R G
LWER

oSmm x 7
CORKICI

CURVE=LBT FULLLIWG, M1

., 4inn)
FUFL LHIECTUKS
1G4 VT Itm)aits

TEST by 30,0

ATE 29711749 BAROMETER 165,21
PELATIVE HiaIply = 33,951
WUELPTTY LoRRECTTUN FACTIHE = JHa
Privit K= (Kiv) HaE = (har) FORWUE = (')
i Cowr COrR un Cark COnn Ui o CURK TUrR
12,42 12,17 A U5 . YH 00 Yo, b
fVLPO0 19,99 9,27 2.0 107,50 106,04
JHL S0 2R 06 v, In 9,69 115,40 112,44
IV, Ay 39,09 10 44 16,73 125,70 tou e
6,33 5 Ak 10.60 10,49 142,90 121.65
52,725 S1.81 1,24 10,16 118, 80 117,79
Hh 91 R 1,10 10,04 117,20 116,01
ed, 2 LY Y R AL 9,70 115,00 113.¢1

MAN, TE MY

JRTARL=ATR=(M3/5) AIP=1ASS

BN T C FRIEE
-, 75 o LO0NG
-1,5u oV JU0ue
-]1.50 . LOvun
-2.20 .0 Louno
3,01 Pt L0000
- ,51 W0 L0UNn0
-t,02 20 L0000
7.5 W0 LON00
bC =P P HE=pPPm e ¢
VET DRkY G/
1179,4 1a70,0 53.93
140°7.8 | MY ] 61,09
1476 R 1920 ,4 Y6, 30
19384 2H20,0 173,70
1163,.7 1500,0 123,16
Q70,0 1200,0 119.%6
1679 .4 210,00 240,78
1607.3 2100 0 255,61

PARTICUHLATES h
/1 /KL N G/Kn N
N0 LOun e, 755
LU RGIT) 3,511
L0 LOno 3,5R)
.10 LOufh q, 4804
L00 LU0 2,654
N0 RO S.2ho
.00 JNap q.087
N0 OB 3,979

FREF=AIR=YUL .FF} .,

AFT . MET K/ 8 AlR=at Fo  SPIND
LO0un LOuun .00 oh, 52
Ju00Nn LOunn 0 Io,.53%
LU0 L0000 N0 14,26
JOO0N L0000 LU0 H1,01
Lo Lnan Al B ,9%
RETTLVE] L0000 .00 79,07
JOuge L0000 .00 81,90
L0000 L0000 L0 82,05

HOX=Fe huXx=Peh NOox=¢PM Hux

Y1) bRy DY ,COR, (hyall
Boe,7 10%50,0 BU3 3 SH .87
729.3% 95u,.0 99,2 TRIK
fae 1 LHoo.n URLNT 133,14
95,1 1200,0 toge,s Juit,lh

103K ,4 13%0,0 1135, 26,92
731.3 950 .0 799, 217 .09
raz 7 t1on,0 US4 29°2.3¢

1053,.3 1§50 ,0 11485,.7 9Tty
[HIMY cn cor STARIT

G/RE LN (A XR] L/Rv G H INJ.
4,756 6d B3 75,60 L0
N, ann 71,600 Ghn 4 ]
4, o8, To.ha) b 3% Y
5,069 19,469 3873 .U
5.748% 71,7297 YL L0
4,170 5,292 haH KWt .U
u, 907 WY b th2 1o o 0
HhoIR3 N2, 7949 T3 01 .0

REFER TO FIGURE NOS. 14-17 and 59-62

M 1t AET BULY TEMP(C) 14,0 DRY Bl TemP(C) 22,0
GRALMS UF aATER/LB DRY Adlbe = 34_10
FHEL=CUNSHMP T LU bhok nUSCH CtLEOSCU
/1R a3/ NJ  MG/ZLTITRE G/RN SmiKt Smunt
7561, 64,24 140,28 S971.,.1 ot 7
11677, 67,94 JuH_ 38 576,34 ot <
16052, 09, 98 192,90 S63, ¢ ) U
272¢eve. 17,75 109,93 Shu S ) .U
26192, 76,13 166,39 965,34 . .0
3nbna, 76,24 1bo, b4 S5KY ./ .0 )
Sejo4d, 78,63 172,01 ble,v o4 N
9194, 17,81 17v.¢22 ¢S,/ ) N
VIIL EFF, VanNTFOLD=VOL EFF., ALR/FUEL=wATID EudlvALL
i AF T ME] AlR=tit T, SPinp1 AlH=mt 1, SPINDT Aln=ut t.
LU0 00 64,57 ] 5.9 LUty
L0 .00 bb .98 NI S.b67 LOuy
00 JUU bY,50 o (16} 5.91 LUy
JU0 .00 76,07 U 5. H2 LU0
L00 .00 To.u0 Y] S.94 JUlY
JO0 il Tu, 00 Y] S5.7/8 PRTRENY]
SO0 LO0U Tb, 89 T S8 VUL
L0 LU0 To, vl MY S5.81 LU0L
Cu=PPm Cl=PpPi cC v cud=(2) (Cu2-(4) cne
ST NKRY L/ NET LwY L/
16134,8 21000,0 sar, 1e 10,93 15,70 Bony.,5
19191 ,0  25000,0 157729 10, %6 13,90 133821
176090,6 23000.0 2u349,01 1v.34 13,%0 1hs6lu,.1
2000y, 6 26000,0 3138,2¢2 10,23 13.30 ¢5¢es.¢
1769u,6  23000,0 3305,10 1u,3n 13,50 3pdee,.S
23095,1  S50000,0 4979,08 1,01 13,00 4390v.¢
222n3 .4 27000,6  S570,.d6 10,0 15.%50 4ulde,.b
S1431 .1 2hodu.u  H961,356 10,53 13.%0  4S516H0.b
Lo sTawl TNl Tlan  bxiaust HKAKE Leboen, #
InNd, COMb ., TIHING TeEMb L THENM L FF ()
.0 .0 /.0 ST ,n 30.2v UL
o .0 1.0 4v6.,.1 31.5%% .0u
N .0 14,0 Sty.u §¢.ud5 T
.0 .U 16,0 5717.v 31,94 ]
) o0 1v,u 611,v 31.94 YY)
il .0 17,0 683 .0 3o, b2 UV
.0 .0 18,0 65 . v 2Y.4h U
0 .0 20,0 91 ,v 28 .06 oy

Comne CITED
AR FLUn [SLAT)
«U00U
PRI R
PRIV
«YUYY
LU0
U000
V00y
+HUL0

WCE=RAT IV
EATSSIUNS
1.0l0
1,097
1,490
1.106
1,084
1,115
1.115
1.109

0 e
%
.25
.20
.20
.20
.25
.20
.20
.20

UUST PKESS,
KAl LG

999

.994

Y98

Tyl

96

«YY4

JYYe

)



LPA/VY. HRCC METUANOL (79.Smm x 73.4mm)

M,E.C./BUSCH TOGNITIOH = CHORRECT [LJECTORS REFER TO FIGURE NOS. 23-26 and 63-66

MIXTURE LOUP A1 40 REV/SEC 2.5 BAR P

BuPE STORE MUMLER OF CYCLE HWRAKE Alh 4bTER FUEL H/CARbN CALUKIFIL lurlsuChbrit b
CYLIMHDERS TYPE CUNSTAMT CONSTAN] S.6, wallu YALVE urllus
19,50 73,10 4 a, 159,1551 L0000V0U0 L7950 5,97 19944, 00 v
LAY MONTH YFAR TLSsT HARUOME TER JET HULH DEY plULH Puvt K ENTCT Lun unlPul
NUMKHE R TEMPENRATURE  TEMPERATURE  CunrRrbCTlul LRI urlLur

25 . 1 A6 40,00 772.20 9.50 1/7.00 v 0. 4

1 ENGLINRE SPEFED (REV/S) 4N, 00 A0,00 40,00 40,00 49,00 40,00

28 TGNITION TIMING 11,00 12,00 13,00 106,00 24,00 33,00

4 FUEL VOLUME ¢ CC ) 102,50 102,50 102,50 102,50 102,50 102,50

2 BHRAKE LUAD 29,00 29,00 29,00 29,00 29,00 29.00

S FUFL TIMF ( SLC ) db, 15 49,80 S1,10 S3.10 53,65 51.70

b FUFL TEMPLRATURE ¢ C ) 11,00 11,00 11,00 11,00 31,00 11,00

8 AIR MFTER TEMPERATURE ( C ) 12,00 12,00 12,00 11.006 11,00 12,00

11 INTAKE AARTFOLD PRESS.(mm, lia)=0414,35=411,34-395,5%=300.272-333,89=275,9A

26 EXHAUST TEMP, (POST TuRun) SRR, 0 406,y 399,0 3HQ,0  $T9.0  3b4.0

27 EXHAUST PRESSURE (£OST THRHO) 9,0 9,0 10.5 12.0 12.8 16.5

13 CARBON MOHOXIDE %X ) 2.000 LHh0N 130 L1115 115 «193

15 CARBDN DIOXIPE ( X ) 13,700 14,800 13,200 11,300 Y,7uy 7,800

16 OXYGEN ( % ) 200 D00 2,500 S5.200 7,500 10,000

12 NYDKROCARBUNS ( PPMC ) 1030,0 750,00 B4AU. 0 1320,0 2010,0 3900,0

14 OXIDES OF NITROGEW ( PP ) 420,00 =760,0 =HB0,0 =330,0 =110,06 =34,0



DATE 25/

KE1T ATV

GRAINS UF

SPELD
REV/ZS

40,0
49.0
49,0
40,0
40,0
40,0

POMER
hvt

1.29
1,29
.29
.29
1.27
7.2

AT 1Y
HIt IDETY CURRECTTION
WATER/ZLY

il P
BAR

2.5V
259
2.50
2.50
200
2.50

tPL/V HRCL

ot o Ca/HOSCH

MIYXTURE

FACT Ok

DRY atlwv

TuRwhIt
e g Pt

SYL 00
29,00
Y, 00
29,00
2900
29.un

LuOP Al

TEST o, 40,0

4,73
.79
oh, 62

FueL
[V NI IR

LA TR
811,2
790,5
7o0.8
TH3.0
Thy, 4

HETHARNOL

1o

JGATTION = CORRECT

(79.5mm X 75.4mm)

THJECTUKRS

REV/SEL 2.9 AR wiEd

RAROMFTER 772,20

VOLUME TR

EFFICIENCY (Z)

2B i(
28.8¢(
31, 5¢(
Ja,o(
39,73
4R35 (

.0)
L0)
)
o)
«0)
V)

AM 10 WET HBuLB

DY

AIR FHEL
KATIV

5.9¢(
b U(
7.2¢(
8.3¢(
P.5¢(
11,2¢(

«0)
.0)
o)
.0)
V)
L0)

REFER TO FIGURE NOS.

TEMp(C) 9.5

BuLl TEMP(C) 17,0

ACTUALLY G/7HKR ¢
1t METER DATA
HeTob o " C
% G/ Kb MK
20,63 P 1
22.26 1,94
22.R4 Z.,48
23,73 4,35
23,948 7.5%
23.11 18,17

BUX
G/Kn HR

3,34
6,10
7.47
3,04
1.13

U2

cCu
G/Rra iR

121,30
23,07
6,70
6.64%
7.56
15,73

23-26

cul

G/Rua iR

Voya, 2l
XN X

100K8,73

1022 .99
1001 ,9Y
I9H vy

and 66-66

HC ¢ NUX
G/Kworn

6,22
H,ouf
9,94
7.39
6,068
18,59



SPEFE
REV/

aa,v
40,0
49,0
49,0
49,0
49,0

FPA/VY HRCC METHANGCL (79 ,9mm X 75, dmm)
MeE oCo/ZBNSCH IOGNITION = CORKECT INJECTURS

MIXTURE LOOP AT 460 REV/SEC 5.5 HAR BMEP

DATE 25/ 1786 TEST Wy, 41,0 HAROMETLR TT72.20 MM HG wtT BULB TFMP(C) 9,5
DRY HULY 1EmMP(C) 17,0

RELATIVE HUMIDITY = 34.73

HUMLIDITY CORRECTIGH FACTOR = 9

GRAINS OF WATER/LbH DRY AIR = P2H_62

0" PU«ER BMEP TURWULE FUEL VOLUMETRIC AR FULL Belobo H C

S A VAR HoM G/KWoHR  FFRICIENCY(Z) KATIU % /K HhK
16,03 5.50 63,80 647 .6 46, 7( .0) 5.9¢( .0) 27.88 2.53%
16,03 5.50 63,80 62,6 47,.3¢( L0) 6.4 +0) 29,96 c.ue
to,03 5.50 63 k0 SHa .2 S0.3¢( Q) 1.1¢ o0) 30,91 1.94
16,03 5.50 63 A0 569.,5 57.7¢( L) Bo3( L0} 31,74 3.0Y
16,03 5.50 63,80 55K .6 6H3,9¢( .0) D3( .0) 32.32 5,14
16,038 5.50 63, 80 565,1 73.7¢ +V) 10,6¢( ) 31,95 7,44

REFER TO FIGURE NOS.

HOX
[IVAN N1

6,20
te.ul
14,R6

6, b8

2.26

e

cu
G/KA R

Ay 2
17.35%
$.817
S.u4
5,42
8,74

cue
LKV, HK

150,538
195,21
Ivi.51
Tod, 54
lTau 93
Tu2, 50

27-30 and 67-70

HC ¢ wux
G/R W HR

8,73
ta,vs
16,8y
10,457

T7,a4t

b,16



EPpA/VyN HRCC DOCTHAKGL (79 .5%me X T3 ,4mm)

Mok oCu/ZR0SC TGHETION = CORPECT INJECTURS

REFER TO FIGURE NOS.

MIXTURE LOUP AT a0 REV/ZSECD %9 BAR BMep
RORE STHORE MUMIER OF CYCLL BRAKE AlK AHTE
CYLILDERS 1YPE CUNSTANT CUNSTAN
79,50 73,40 4 q, 159,1551 00000
pay MO TH YEAK TLST BARMIE TER At koLt
wlipf R TEMPERATURE
25 1 10 41,00 772,20 9,50
P ENCTING SPERD (REV/S) Av.0y  N0.00 40,00 A0,00 40,00
28 [GLETION TImInn 11,00 13,00 14,50 17,00 20,00
4 FUEL vOLUMNE ( £C ) cud, 00 205,00 203,00 203,00 203,00
2 BRARE LODAD 03 80 63,0 63,R0 K5 B0 63,48V
S FUEL T140 ( SEr ) 56,15 60,35 62,25 63.85% 65,10
6 FutL TEAPERATURE € ) 11,00 11,00 11,00 11,00 11,00
ROATR METER TENMPERATURE ( C ) t3.00 13,00 13,00 14,00 135,00
11 INTAKE HMARTFOLD PRESS, (nm Pa) =036 ,08=233 12=-20R,30-160,93=-119,06
26 FxuAlUST Trpr, (PoST Tukbn) Ahb 00 4Ba 0 477,00 4%7,0 444,0
27 ExHallST PRESSURE (PusE TURMY) Q0.3 °1.8 S8 eh.h 28,6
13 CARBON MOROXILE ( % ) 2., a00 .H00 106 o117 J11e
15 CARBON DTUXINE ¢ % ) 15,600 104,600 13,800 11,300 9,800
16 OxYLLN (% ) L2040 LhOu 2,800 H,25%0 T.100
12 HYDROCARNBUNS ( PPHC ) 1260,0 1020,0  930,0 1506,0 1860,0
td OXJOES UF NITROGER ( HPm ) “ Ul 0=2050_,0=2450,0=-1000,0 ~300,0

" FUEL
1 8.6,
0 « 7950

DY suULH
TEMPEPATURE
17.00

qu,00
PO, 00
203,00
63,80
by, 35
11,00
15.00
-45 87
432,0
33,4
o197
8,500
9,lu0
2340,0
85,0

27-30and 67-70

H/CARE O CALNRIFIC
RANLG VAL UE
3,97 199409,00
PUNER FlCiiun
CURKFCTIunw OP1Low
0 0,

TOURBUCHAKRGED
vP i Ton
7]

ulhi Pl
UP110M
4



EPA/vi BRCC METHANOL (79.5um X 735.4mm)

M, E.C./7ROSCH TLNITION = CORRELCT [HJECTOIS REFER TO FIGURE NOS. 19-22

MIXTURF LOOUP Al 40 REV/SEC 1.5 NAK BHMEP

BORE STROKE HUNHEK OF CYCLT BRAKE AIR AETER FUEL H/CARDUN CALUKITF L FnouCrAnGEL
CYLLMOFKS TYPl CuNSTANI CONSTANT $.G, KAT LU VALUE UPllui
79.50 713.40 q 4, 159.1551 Log0000 ATV 3.97 199%40,00 "}
DAY MORTH Yt Ao TEST BAROME TE K kT BULL DY HULD PUnt e FrlCiIuag vutPyl
HUMBE R TEMPERATURE  TEMPERATUME  CURKECTIUN P Fluw [VLXD KT

25 1 86 42,00 112.2v¢ b1l 17,00 o 0, 4

1 ENGINE SPLFD (PEV/S) 40,00 40,00 40,00 40,00 40,00 40,00

28 IGMITIONW TIMING 11,00 13,00 15,00 18,00 25,00 37,00

4 FULL vVoOLUuME ( €C ) 52,00 52,00 S2.00 52,00 S2,00 52.00

2 HKARE LUAL 17.40 §17.40 17,40 (7.4u 37,49 17,40

S FUFL TIME C StC ) 29,70 32,50 83,30 33,95 34,45 33,95

6 FUEL TEMPERATURE ( C ) 11,00 12,00 12,00 12,00 12,00 12,00

R AIR METER TEMPERATUKRF ( C ) 15,00 15.00 14,00 15,00 ta, 00 13,00

11 INTAKE MANIFOLD PRESS.(mm Ha) =479 78«76 ,7]1=063 ,98=433 ,15-406,08~371 49

26 EXHAUST TemP, (POST TURHO) 357.0 367.0 366,00 361,00 3%2.0 339.0

27 EXHAUST PRESSURE (PUST Thwxpn) L] b, H.H T4 9,0 10.%

13 CARKON MONOXIDE ( % ) 2 400 «h 0 .14y <122 Lddo « 194

15 CARBON DTUX1ILE C X ) 15,600 14,500 13,200 11,100 9,300 7,900

16 OXYGEN ( % ) 200 JHO0N 2,550 S.h00 7,700 9,700

12 NYDROCARBONS ( PPMC ) 1020,0 66U, 0 TRY,0 1560,0 2479,0 4200,0

14 uX1DES OF HITKROGED ( PPM ) =ddH .0 =80, 0 =460,0 =140.0 «60,0 -53.0



ERA/Ve HRUC METHANGL (79,.5mm X T3 ,.4mm)

FefF oCo/BUSCH IGNTITIOM = CURRECT FLJECTUKS REFER TO FIGURE NOS. 19-22

BIXTURE LODP AT 40 gEV/SEC 1,95 HAR BMtpP

DATE 25/ 1/86 TEST o, 42,0 Akt TEr 772,20 1. HL WET BULB TEAP(C) 9,5
DRY BULB 1EMPeC) 17,0

NELATIVE HOMIPITY = 34,73

HUPENTITY CORRECIIUN FACTOR = .79

GRATHS OF WATER/ZLD DRY Al = 28,62

IR POWER = 0,0 KESULTS LISTED AS G/ZRvi=HR AREL ACTHALLY G/uk 2
NkS“LTS'lN (HPACKETS) AREL CALCULATED FRUM ALK MEITER DAILA

SPrtD PUNER HIE P TuROUE FORL VOLUMETRIC AIR Flel BeTob o H C X C o cue Hne o+ NUX
REV/S (] AR IS G/ZRwWw HR  EFFICIENCY (%) RATIO b3 G/ZRH HK  G/ZRNHR  G/Kn bl L/Kn iR G/Ka HR
49,9 4,37 1.50 17,40 1150,0 2e.H( L0) 9.9¢( .0) 15,70 3,64 2.60 149,91 135q4,.71 6,24
00,0 0,37 .50 17,40 1050,0 - X L0) 6ot ( «0) 17.19 2.50 4,94 30,47 136H,4Y .24
40,0 4,37 1.5v 17,.u0 1nga, R Ju.0( <) 7.2¢( .0) 17.62 2.9b 5.06 Y.35% 1305,.20 8,64
00,0 0,37 1.50 17.40 1008 .2 LR ¢ .0) Ro4( .0) 17,96 6.89 1.72 Y.43 13547,44 H,01
40,9 [ ¥4 1.50 17,10 990, 6 31,9¢ .0) 9.7¢ «0) 14,28 12.65 B 13.0%  13us.n) 15,47

Ho .U 4,87 1,50 17,60 fous,2 6 ,6( L0) 11.0¢( 0) 17,96 LA «H1 20.¢8 12bl.27 25,30



DATE 267 1/86

RELATIVE
CHUNMIDITY CORRECTIUN FACTOR
GRAING UF WATER/LB DRY aAlR

SPEED
REV/S

60,0
60,0
60,0
60,0
600
60,0

Puat R
K

10,93
10,93
10,93
10,93
10,93
10,93

HUMTIDITY

[l
1IAR

2.50
2.590
2.5¢9
2.50
2.50
2.50

[FPA/VE O

Ml L0 Z7805CH

MIXTORT

TEST NOle 43,0

TORGUE
oM

29.00
292,00
29.00
29,00
eY,. 00
29,00

Laoe Al

27.10
<80
0.8

FUFL.
G/KaH

906, 4
846,7
812.4
794,3
TRA 4
826.9

(311

i

METHANDL (T79,%1m

A T4.,d4min)

IGHMITION = CURKFECT INJECTURS

REV/SEC 2.5 BAR HhMEP

BAKOMETER 772,15 M HG

VOLUMETRIC

EFFICTEACY ()

29.4¢
30.0¢(
32.0¢(
36.3¢(
40,5(
50,9¢(

.0)
.0)
.0)
.0)
.0)
.0)

WET HULb TEMP(C)

DEY [ULo TEMP(C)

alrR FUEL
RATIO

5.9¢(
6.5(
7.2¢
8,.3¢(
P.4(
11.2¢

.0)
«0)
«0)
. 0)
«U)
)

TUALLY 6/Hr 3
HETER BATA
teloEs h €

% G/Aaw.rik
19,92 €595
2t 32 1.61
2e.z2z2 1.84
22.73% 3.949
22.90 6,34
21.R3 17,00

REFER TO FIGURE NOS.

12.0
22.0

U X
G/Kw i

o,46
9.2
10,75
D.14
157
.53

[V}
/RN HKN

118,97
ed .75
8,07
[
7.53
17,39

31-34

cue

15/ K0, i

1u91,408
11c¢0,1¢
109K, 61
lbod ,2¢
Losa,0v
loon, 14

HC + hux
3/ Kl gt

9.01
1,99
1,94

9,15

7.91
18,54



LPA/VY HROC GETHAMOL (79 ,%mm X 73.d4mm)
ML /ZROSCH TGNITION = €ORIECT THILCTORS REFER TO FIGURE NOS. 31-34

MIXTURE LroP AT 60 KEV/SEC 2.% 11aR BMEpP

okt STROKE nuntbe uf cveyt BEAKE AT METER Futy H/CARbLIN CALuR(F]IC TugnulCnAkouty
CYLLMDE RS TYPH consTanl consTAul 8.6, wATlU VALUL ub l TuUN
79.50 713.40 qa 0. 159.1551 LO00000 o 1950 3,97 19940,00 1}
pay MOy TH Yt AR TesST HAROME TEK SET Ul HDRY pULH PUWER FRICTLIuUN viirul
HUNER TEMPERATURE  [FMPERATURE  CURKECTINDN OPTION uPTlun
26 1 L) 43,00 772.15 12,00 22,00 0 9. 4
f EHGLYE SPHED (REV/S) Lo 00 KU 00 60,00 60,00 60,00 60,00
B O1GRITTIGH TIMTNG 16,00 17.5u 20,00 22,00 25,00 41,00
4 FUrEL voewvasi ¢ ¢C ) 203,00 203,00 203,00 205,00 203,00 203,00
2 BRAKL LOAY 2O, 00 29,00 29,00 29,00 29.00 29.00
S FUFL T1mE ( SEC ) HUL,A0 63,05 6H,65 67,15 67,65 64,50
6 FUEL TEnMPERATURE ( C ) 1o, 00 10,00 11.00 11,00 11.00 t1.00
ACALIR PETER TLMYPERATURE ( € ) 10,00 11,00 11,00 11.00 10.00 to.uvv
11 IHTARE MANTFGLD PRESS, (mm.Ha) =420 ,13=041K RA=O0H,53=375,/4=34) ,41=272.22
2h EXHANST THI'P, (POST TURHBNO) 472,09 491 ,0 4pRs .0 hoen 0 454 ,0 427,09
27 EXHAVST pPrbsSSURE (PUST [UKBD) 0,3 b 1.8 2l R 28,0 37.6
13 CAhuON MiwaxJul (% ) 2L 0 Lo . 150 127 110 200
15 CAavbii DIoxXIne € % ) 13,900 14,400 15,000 11,100 9,800 7,800
16 OxYLll ( £ ) L2000 LH00 0 2,400 5,200 /.200 L0000
12 HYDROCARKBUNSG ( PIPMC ) You,0  STo, 0 600,00 1140, 1620,0 3600,0

10 0X10FS OF MITROGEN ( PR ) =160,0=1100,0=1200,0 =520,0 =145,0 <=40.u



FPA/VY, HRCC BETHANUL (79,.5mm X 73,4mm)
MobEoCo/BOSCH TGNITINN = CORRECT INJECTURS REFER TO FIGURE NOS. 35-38

PIXTURE LUOP AT 60 kEV/SEC 5.5 dAR BMEP

DATE 267 1/86 TEST N0, 44,0 HARUME TER 772.15 “M.HG WET BuLB E4P(C) 12,0
ORY RUuLb TEMP(C) 22.0

RELATIVE HUMIDITY = 27,10

HUMIDITY CORRECTIOM FACTOKR = 80

GRAINS OF WATER/LY DRY "AlR = 30.4R

:OIF POWER = 0.0 RLSULTS LISTED AS G/Ked=HR ARE ACTUALLY G/dR ¢
RESULTS 1IN (HKRACKETS) ARE CALCULATEDL FROM AIK METER DATA

SPEED POAER HMEP TORWUE FUEL VOLUME TRIC AIR FUEL BeT.E. H C NUX [W1] cue HC + NuX
REV/S KN HAR N M /KW, HR  EFFICLENCY (%) RAT IO 2 G/uB, HR  L/RWHR  G/KA R G/XnoHR G/KA 1R
60,0 24,05 5.50 63,480 619 ,7 46,5( .0) 54,9¢ .0) 27,79 1,88 6,97 84,26 7T48,8b 8,45
60,0 24,05 5.50 63,80 04,4 arl.3¢( .0) 6,4( .0) 29,487 1.37 12.51 20.91 193,84 13.89
60,0 24,05 5.50 63,80 SA4,7 50.9¢ .0) 7.1¢( .0) 30,88 1,04 13.H8 3.96 194,30 14,92
60,0 21,05 5.50 63,80 563,7 S7.0¢( «0) R,4( «U) 32.03 2.15 6,24 5.31 Tov,27 8,43
60,0 24,05 5.50 63,80 566,73 64.,6( .0) 9,4( .0) 31,88 3,72 ?.18 5.28 759,61 5.9

60,0 24,09 .50 63,80 573.1 Ta,4¢( .0) 10.7¢ .0) 31,50 6,42 .1 71,83 157,59 7.08



LPA/ZVE HRCC METHANGL (79.9mm X 73,.4mm)

Mib.CoZH0SCH TLHETION = (ORRECT LIIJECTORS ' REFER TO FIGURE NOS 35-38

MIAKTUEE LOUP AT 0% REVZSEC 5.5 RAIL gMEP

[N STt turit ik OF cycys [UNY e AlK METER Fuk 11/ CARBUN CALuMIFIC TURBUCHAKRLED
CYLINDEKS TYPE cunsTanl CUNGTANT S.G. KAT]IUL VAL Ul il luN
79.5¢0 73,40 4 a1, 159. 1551 LO00000 o 14950 3.97 19949 ,00 [}
DAY MONTH YEAR TE ST BAROME TFR wt 1 RULK ORY BULH PUANER FRICTIuN VuiruT
HUMBE R TEMPERATURE  IFMPERATURE  CURKECTION GPIiun uPliuN

26 1 Ho6 i, 00 772.15 12,00 22.00 1] u. 4

1 ERGINE SPLED (REV/S) 60,00 60,00 60,00 60,00 60,00 60,00

2E IGNLITION TIMING 15,00 16,00 18,00 21,00 24,50 33,.%0

4 FutlL vDLurgE ( Ct ) 203,00 203,00 203,00 203,00 203,00 203,00

2 URARE L OAR K3, PN 64 R bR K0 AL, B0 BRI MU 63 BO

S FUFL 11mME ( SEC ) 37.3% 40,19 41,50 45,05 42,85 42,50

6 FUtL TEMPERATORE ( C ) 10,00 10,00 10,00 10,00 10,00 11,00

& AlR METER TeUPERATURE ( () 10,00 12,00 12,00 11,00 12,00 12.00

11 INTAKE MATIFOLD PHESS, (mm Ha) =261 ,70=2%0,93~228,61=178,22=130,10 =60,9}

26 EXHAUST TEmp, (POST TURHOD) S46,0 ST0,0  S6l.0 S31,0 505,10 4d85,0

27 [ XHaUST PRESSURE (PUST THKRNIYD) LRI 04y 9 0Ny .4 LY | 60,9 12.9

13 CAKHON MUNDXTIDF (% ) 2.500 LU0y 109 123 L107 L1358

15 CARGON DIOXIPE € %) 13,900 14,500 14,400 11,200 2,300 A,500

16 CxXYGED (2 ) 300 LHh 2,200 H,300 J.150 9,100

12 HYDROCARRYNS ( PPME ) Y300 6Y 0 4RO, 0 HTO,0 1320,0 19800

14 0XTufS UF HITRUGEN ( PPN ) =1150,0=2100,0=2200,0 =900,0 =28u,0 =]%,0



EPA/Va HRCC METHANOL (79,5mm X T745.4mm)

ML C./ZP0SEN TURITINN = CORBELY LIWJFLTO

MIXTUPE LCUP AT 60 REV/SEC 7.0 HAR QUEP

ROIE. STRUKk HUMBER OF cy

CYL LMUE RS TY

79,50 73,40 4 4

Ay MOMTH YEAK TEST

HUMPE

26 1 He 45,00
t ENGI'HE SPELL (WEV/S) 61}, 00
28 IGNITION TIMING 15,00

4 FULL voLuar  cC o) 30,00 3
2 BRARE LOUAD #i.20
S FutL TIME ( SEC ) u7.0%
6 FutL TLMPERATURE ( C ) 11,00
8 AIR METEE TENPERATUKRE ( C ) 12,00

11 TNTAKE MALTIFOLD PKESS,(mm Hg)=17R , 90«1

ShH EXHAUST TEWwW, (POST Tukisn) SI5.0
27 EXHAUST PRESSURE (POST TUREO) s7.9
13 CARBON MOLOXIDE ( % ) 2.200
15 CARBON DIDXIDE ( X ) 13,%00 )
16 OXYGEN (X ) o200
12 HYDKUCARIIUYS ( PPMC ) YHo,0
14 OXIVES OF NITROGEN ( PP ) =1500,0=2

REFER TO FIGURE NOS. 39-42

RS
cLe BRAKE AR METER
PE CUNSTANT CunsSTAN]
. 1591551 L000000
BARUME TER wtT nuLB
n TENPERATURE
772,15 12,00
60,00 60,00 0,00 60,00
16,00 16,50 18.%0 23,00
04,00 394,00 304,00 304,00 3
81,20 81,20 KL, 20 81,20
S0.59 52,59 S4.,10 53,65
11,00 11,00 11,00 11,00
13,00 13,00 13,00 15,00
09.20=136,R6 =82,72 =37,60
596,10 SH2,0  H9S4.0  5¢26,0
61,7 64,7 13,7 81,2
OO +100 .11 «111
B,600 13,200 11.500 10,200
JHOH 2,400 4,900 6,600
600,0 420,00 720,0 1149,0 1

00,0=2350,

H=1100,0

-4b0,0 =

FUEL
5,6,

. 71950

DRY gULK
TEMPERATURE
22.00

60.00
29.00
04,00
81,20
53.15
11,00
13,00
-6.,02
513,0
88,0
. 116
2.500
T.700
560,0
235.0

H/CARBUN
rATTU
3,97

POWER
CURKECT1IUN
0

LALORIF]C
vaLue
19940,00

FRICTIUN
P T loN
0.

TURBUCHAKGED
uPljun
1]

VUiIPUT
uP T JuN
4



Frea/va HPCC AFTHAMNOL (79.5ma X 73 .40m)
MoFLCo /B80S0 1GHTTLUN = CORKECT IRJECTURS REFER TO FIGURE NOS. 39-42

SIXTUKE LGOP AT 60 wEV/SEC 1.0 Bar pgMmEy

DATE 2K/ 1/7H0 TLST 0, 05,0 BanrETER T7¢.1% MM, 16 Wk T BuLe TFMP(C) 12,v
NKY hBULp TEMP(C) 2.0

RELATIVE HOMTODITY = 27.10

HUSIBLTY CURRECTIUN FACTOR = R0

GRALNS UF ualER/ZLK DRY ATk = 30,48

S OIF PUVEK = 0,0 KESULTS LISTED AS G/ APE ACTURLLY G/HK ¢
RESULTS 11 (BRACKETS) art CALCULAT OM AIR METER LATA

SPEL D Prosit it HkF P T uhg FURL VOLUIMETRI]C AlR FUEL BeT.E. H C [FIVD § C u cue HC ¢ NGX
REV/S (%) AR WM G/RE HK  FFFICTETILY (%) RATIU X G/RKHL N L/KRHR  G/Ru Ml L/KAHE /RN HR
X 30,61 7,00 ay.20 hivh 3 55.9¢ L0) 6.0( .0) - 29,78 1.73 7.47 73,64 112.21 9,29
[ NT] 3,61 7.00 21,20 S6d,8 So,.35¢( L) 6 1 ( .0) 31,99 1.11 12,74 19,490 /41,88 15,85
60,0 3u,01 7.00 ny,20 K42 K 60,5( L) 1.2¢( .U) 33,206 .85 15,94 5.50 757,91 14,79
60,0 .61 7.00 £1,20 807,13 66,9( L0) 2,2( .0) 34,24 1.62 7.00 G u2 - T13.12 Y
60,0 3u.ol 7.00 "p.do “31.7 Ta,8¢( LU 9,1 ( .0) 33,96 2.91 3,40 4,99 714,44 T b3

60,0 30,01 7.00 KL, 20 Y36, T &0, 7¢( LU) .7 ( L0) 33,04 4,28 1. 77 5.5/ 16,96 6,Ub



Ricardo Consulting Engineers pic Bridge Works Shoreham by Seua Sussex BN4 5FG

EPA/v HRCC METHANOL (79.5mm
MJELC./ZROSCH TGHITION -

MIXTURE LOOP AT 15 PEV/SEC ToLE

X 73.4mnm)

COMPECT LitJECTOKS

REFER TO FIGURE NOS, 43-46 and 71-74

HoKE STRNKE HUMHER OF CYCLF BRAKE Alic AETER

CYLLDE oS TYPL CUnNSTAnT CONSTANT

79.50 73.40 q i, 159.1551 000000
DAY aliNT ke Yt AH TEST BARODMETER HWET HULK

i WUMBER TEMPFRATURFE

26 1 86 - 46,00 772,15 12.00

1 ENGIOE GPECD (REN/S) 15,00 15,06 15,00 15.09 15.00
28 IGNITION TIPING 20,00 20,00 20,00 20,00 20,00
4 FUEL voLumt  CC ) HZ2.00  S2,00 52,00 S2,00 52,00
2 BRKAKEL 1Ooab .00 .00 .00 00 .00
S FuriL 114F ( StC ) 133,80 142,706 149,95 149,30 147 .80
6 FURL TEMPERATURE ( € ) 12.00 12,00 12,00 12,00 12,00
BOATR FETER TEIPERATURE ( C ) 24,00 23,00 22,00 235,00 23,00
11 INTAKE NMANTEOLD PRESS.(mm Ha)=%3P ,d3«S3R 043533 _92=515,87=-190,58
26 [XHANST TP, (POST TUupRNBE) 154,0 11K8,0 116,0 119,.0 129,0
271 ExHAUST PRESSUKRE (POST TUKRLO) i o0 .0 oM <0
13 ChAiesCN HMOUGXTOE (% ) 2.4%0 1,200 H0G LCUHR L)
15 CAFROH DTOoXTGt (% ) 135,300 13,600 13,400 11,600 9,800
1 OUXYGEN (% ) LTHO 1,200 2,200 4,900 6,900
12 HYDPROCARROLGS ( PPRC ) 3150,0 3060,0 3000.0 d4200,0 S5TN0,0
14 GXIDES OF CITROGEN ( £PM ) =R, 0 =310 =28, =22,0 =}4,0

FUEL
S.6,
« 7950

DHY HULK
TEMPERATURE
22,00

H/CAKHUN Cagukitrjc
RaTID VALUE
3.97 19940, 00
PUnE K FRICT {0
CORKECT 10N UPIJON
u o 0.

[ uCAKGED
AR
1}

viiPul
(VIR VI
4



Ricardo Consulting Engineers plc Bridge Works Shoreham by Sea Sussex BN4 5FG

fPA/VR HRCC METHANOL (79.5mm X 73.4mm)
Mol oCo/BOSCH TGHITION = CORKECT INJECTORS REFER TO FIGURE NOS. 43-46 and 71-74

SMEXTUKE LGP AT 15 REV/SEC IDLE

DATE 267 1780 TEST ND. 46,0 HAROFETER 772,15 MM NG ntT BulLH TEMP(G) 12,V
DRY HULH TEMP(C) 22.0
RELATIVE HUMIDITY = 27.10
HUNIPTITY CNORRECTTION FACTOR = +A0
GRATHNS OF wWATEKR/Lb DRY-AIV = 30,48
R R R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R 2
¢ IF POWER = 0,0 KESULTS LTSTED AS G/Kw=HK ARE ACTUALLY G/HR ¢
s s e e 8 s 8 s S et s o s s St e N0 e s ss e s e a0 st e s st e s e nse R Ry
RESULTS IN (BRACKRETS) ARt CALCULATED FRUM AJKR METER DAILA
SPEED POVER Hotf P ToRUUE FUEL VOLUMETRIC AR FUEL BeT.E. HC NUX cu cuel HC + NuX
FEV/S [T B4R feoM G/k¥ 1R FEFFICIENCY () HATIU % G/ZRWGHR  G/ZKW HR  G/ZRA R /7K HN G/ KA HE
15,0 .00 00 NIy 1115,3 1t4,.0¢( .0) LI ¢ .0) i) 10,95 .24 T4R 75 1268 ,80 11.23
15.0 it L00 L0 1045 8 14,0¢( .0) bl .0) L 00 10,%9 .32 12.0% 1293.,75 10,91
15.0 N0 L0 i 995,° 14, 5¢ .0) 6,9( .0) Tt 16.59 29 24,069 1297,02 10.48
15.0 00 L0U L00 999 .5 16,.5( .0) 7.9( .0) .00 17.17 .26 14,87 130c.95 17.42
15.0 L0 L00 SO0 10097 18,71 .0) B.HK( .0) .00 27,11 .18 20,34 1200.88 21,27



EPA/ZVY hkCC b THAOL (79.5mm X 78, 4dmm)
MoE.Co/1t0SCH TGHITION = CURRECT [MJECTORS REFER TO FIGURE NOS.
TGl THOn T1altie SYInG aT 40 KIEV/SEC 2.5 BAY D
noert STORF MUNBE N OF cvot BRAKE AlrR ¥LTER HukL
CYLLMOEKRS TypPg CunSTAr CUNSTAKT S,6.
79.50 13,40 " 4. 159.1551 000000 « 7950
Lay PN T YEAR TEST BARUME TER WE T fuLp DRY BlULA
NURIAER TLYPFRATURE  TEMHERATURE
26 1 b 47,00 Ton 41 14,50 2.0
I ENGINE SPEFD (REV/S) 40,00 40,00 40,00 40,00 40,00 40,00 40,00
SH TLETTICH TIMIwf 35,00 Jo., 00 25,00 20,00 15,00 10,100 S, 00
4 FUCL VoLuet ( €C ) 102,50 102,50 102,50 102,50 102.5%0 102,506 102.5v
2 BRARE LOap 2N, 00 29,00 29,00 29,00 29,00 29,00 29,00
S FUEL TIa€ ( SEC ) S1,.70 52,40 52,75 43,05 52.95 5¢.29% 50,60
A FULL TEMEEPATURE ( C ) 11,00 12,00 12,00 12,00 12,00 12,00 12,00
HOATE CETER TEr PERATUKRE (€ ) 17,00 17,00 14,00 18,00 18, 0v 18,00 18,00
11 THTAKE AAGTEOLD PRESS, GnmoeHg ) =395, 4d =350 9102356 ,85=350,05«355,7U=354,90=346,61
26 ExHANST Teb, (POST TupPyny RH,0 3R6,0 sRa 0 sy, 0 87,0 97,0 d1H. o
27 EXUAUST PRESSURE (POST 1HHKY) 12.0 12,0 12.0 11.3 12,0 12.0 12.90
13 CARBON MOLOXIBL € % ) <130 R 124 .12u .114 104 U922
SOCARBON DIOXIDE ( % ) t1.300 11,300 11,500 11,200 t),.500 11,%00 11,300
1 GxYLER (2 ) 4,900  S,000 5,000 S,.000  S,000 4,900 4,900
12 HYDROCARIGNSG ( PPIC ) 13R0,0 1320,0 13%0,0 1380.0 13R80,0 1260,0 1200,
14 OXIpES UF JETHOGEN ( Pk ) 00,0 =700,0 =510,0 =390, 0 «300,0 «24p,0 =-140,0

51-54
H/CARBON CALURIF)C
KAl]Ju VAL
3.97 199490,00
PONER FHICT U
CURRECTION VPT{on
1} 0.

TursuCrAxGED
ub 1 lue
v

vuirul
uP Tl LUN
'}



EPA/VE HRCC METHAGOL (79.9mm X 73 .4mm)
MoE oG /ZHOSCH TGMITLN ~ CORRFCT INJECTURS REFER TO FIGURE NOS. 51-54

JUWITEON TIMING SWING AT 4D REV/SEC 2.5 HAK BMEPY

DATE 26/ 1/86 TEST W0, 47,0 HARGMETER 760,41 MM HG wET BULH 1EMP(C) 14,5
DRY flulb TEMP(C) 22.v

RELATIVE HUAIDITY = 43,29

HURIDITY CORRECTION FACTOR = .90

GRATKRS UF WATED'/Ls DRY AlR = 4Y.66

Ik POnER = 0,0 RESULTS LISTED AS G/Kn=HK AKE ACTUALLY GL/HK ¢
KESULTS 10 (BUACKETS) anrt CALCULATED FROM ALIR METER palA

SPELD POWENR N Tufielig FUFL VOLUMIIRIC AIR FUEL 1.) k. HC HOX [t ruve HC ¢+ NUX
REV/S (XY AR (NG G/ZKB  HE  EFFICLENLYLY) KATIU % L/RN R L/RW HR  G/7Kv. ik G/ZKw, it G/RALHK
a0.9 1,29 2,50 29,00 781,4 36,5¢( .0) Hoe( ) 23,11 4,60 8,54 7.6% 1048 7n 13.2¢
10,0 7.29 .50 29,00 71,7 Ih.1( L) H,.2¢ L0 23.4v 4,4l .38 T.47 1036,52 11,79
49,0 7.29 2,590 9,00 T6S 1 35.9¢( L0} a,2¢( L0) 23,60 4,47 5.33 T 18 Loe?, 74 "9, R0
40,9 71.29 2.0 SY un 760,08 39, 7¢ 2 V) H,2( «N) 23.73% Q9,54 4,08 6,v7 101,84 8,67
40,0 1,29 &L.50 9,00 162.2 35.8¢ L0) r,2( .0) 25.69 0,55 4,13 6,98 1024,.51 7,04
h40.v 7,209 o0 29,00 772,4 36,1¢( <) Hoet o) 28,37 4,27 2.54 6,09 luuo.21 b.7b

40,0 71.29 2,50 29,00 197,86 37.5¢ .U) B.2( o) e2,b4 4,16 1,53 9.57 1045,81 5,09



Ricardo Consulting Engineers pic Bridge Works Shoreham- by -Sea Sussex BN4 §FG

DATE 27/ 1/86

FELATIVE

HUMIbITY

EPA/VE HMRCC NETHAUOL (79,.9mm X 73, 4mm)

MoF oCoZ7BUSCH TONTTION = CORKELT INMJECTURS

MUENEITY CORRECTIUN FACTOR
GRAINS OF WATER/LE ORY Al

SPEED
REV/S

49,0
40,0
40,0
a0,0
a0,
40,0
40,0
40,0

PUALR
K#

16,03
16,03
16,03
16,03
16,03
16,03
16,03
16,03

IMING SWIMG AT 40 REV/SEC S.5 BAR BMLP

JGNETINN T
TEST mo, dB,0 RARDMFTER 760,401
= 43,729
= .90
= 49,66
: IF POWER 0 HESULTS LISTED
HESULTS RRALRETS) ARE CAL
fsMt ¥ TURAOVE FUFL VOLLUMETRIC
WAk t, 4 /KL HIR EFFICTHACY(R)
5.50 63 B0 872.6 Sk, u( .0)
5,50 63,80 571.,7 59.0¢( .0)
5,50 63,80 S70,4 58,5( L0)
5,50 63,80 569,5 S, 7( .0)
5,50 63, 80 S68,1 58,5¢ .0)
5,50 63 K0 69,9 S8, 7¢( o)
5.50 63 Ko 575, R SR.9( V)
5,50 h3 B0 S583%,2 59,7¢ .0)

MM o HG

DRY RULY

Alit FUEL
RATIO

8,1(
4,.2(
a.2(
H,2¢(
H.2(
B2l
8,1
Ho1(

.0)

REFER TO FIGURE NOS, 55-58

wET BuLs TEMP(C) 14.5
TEMP(C) 22.0

n C
G/KALHK

3.94
3.93
.91
3,87
3.86
3,484
3.85
3.86

NOX
G/Kn R

17,73
12,87
10,89
9.32
7.60
6,53
4,60
s5.01

cC U
/K vg N

4,70
S5.14
9.3d
5.37
S.350
S, 34
9.2¢
4,94

coe
/K it

Tos,51
Too,60
To4,52
Tuod, a2
Tol, 65
Tod, 12
172,42
Ta2.,98

nC + HNux
G/KN HK

21,6/
16,80
14,481
13.19
11.40
10,37

8,45

6,817



Ricardo Ceonsulting Engineers pic Bridge Works Shoreham-by - Sea Sussex BN4 5FG

EPA/VIE HRCC METHANOL (79.5mm X 73,dmm)

MoE . L. ZR0SCH TRILITION = CORPECT TJFCTORS REFER TO FIGURE NOS. 55-58
IGRITION TINING SWING AT 40 RIEV/SEC 5.5 HAR HMEP

ROKRE STHUKE HMUMBER OF CYCLF BRAKE ATR METER FUFL H/CAKBUN

CYLJRDERS TYPI CONSTAYT CUNSTANT SeGo RATILO
79.50 73,40 n a, 159,1551 L0000 . 7950 3.97
DAY 1 Th YEAR TEST HAROMF TEKR RET ByYLB DRY HULR POAER
HUMBER TEMPURAVUKRE IFMPERATURE  CURRECT IO

27 1 a6 48,00 760,11 14,50 22,00 )]

1 LNGIKE SFEFD (REV/S) AO,00 40,00 40,00 40,00 40,00 40,00 40,00 40,00

PR OIGNITION TIMING 35,00 30,00 25,00 20,00 17,00 15,00 10,00 S5.00

4 FUEL vOLYuilE ¢ cC ) 203,00 203,00 203,00 203,00 203,00 203,00 203,00 203,00

2 BRAKE LOAUL 63,80 63 .80 63,FY 63,80 63.80 63,80 635,80 03,80

S FutlL YIMF ( S5&C ) 63,45 63,55 63,70 63,80 63,95 63.7% 63,10 02,30

6 FUEL TEMPERATURE € € ) 12.00 12.00 12,00 12,00 12,00 12,00 12,00 12.00
ROAIR PETER TEMPFRATURE ( C ) 17.00 1A 00 1R, 00 18,00 1A, 00 18,00 18,00 18,00

11 INTAKE MANIFOLD PRESS.(mm Hg) =145, 14=-148 1 4=-119,65=-150,40=150,40-149,65=145_,89~137,62

26 EXHANST TEMP. (PNOST TURBN) 461.0 #4886 456,0 453,00 d%4,0 dS8,0 468,00 489,0

27 [XHAUST PRESSURE (POST TURRN) 2h,.6 25.6 6.3 25.6 2h.6 25.6 26.3 27,8

13 CANBON nNONOXTDE ( %) 112 120 .125 125 . 125 . 125 . 121 L1113

15 CARBON DIUXIDE C % ) 11,500 11,300 11,300 11,300 11,300 11,300 11,400 11,400

16 OXYGFN ( % ) 4,900 H,000 4,900 5,000 S,000 H,000 4,900 4,900

12 MYDROCARBUNS ( PPMC ) 1620,0 1590,0 1590,0 1575,0 1575,.0 1%60,0 1560,0 1545,0

14 0XIDES UF NITROGEN ( PPA )

=2300,0-1650.0+~1400,0=~1200,0 =980,0 =H40,0 =590,0 =380,0

CALNRIFIC
VALUE
19940 ,00

FRICEEDY
UPTiun

0.

TURHUCIHARGED
P i [UY
U

guTPul
uPT o
q4



Epa/vie HRCC METHANOL (79,5mm X 735, 4mm)

MoE.C/BUSCH TUBITION = CORRECY [HJELTURS

IGNITION Tial'is SWING AT 15 KEV/SEC 1DLL

REFER TO FIGURE NOS. 47-50 and 75-78

HURE STRORE nunslr oF cyct RRAKE AR mETER FUFL
CYLINDERS TYPt CUMSTANT CONSTANT S.6.
79.50 73,40 4 q, 159,1551 LN00000 950
DAY MONTH Yt AR TEST BAROMETENR WET BUL DRY pULE
NUMBEF R TEMPERATURE  TEMPERATURE

27 1 A6 09,00 156,50 14,50 2Z2.00

1 ENCLHE SPEED (KREV/3) 15,00 15,00 15,060 15,00 15,00 15,00

28 IGLITION TIMTNG 30,00 25,00 20,00 15,00 10,00 5,00

4 FUFL VOLUME ( CC ) 92,00 S2.00 52,00 52,00 52,00 S2.00

2 HBRARF L OAL LN .00 LU0 Lun 00 .00

% Futl TIME ( sSCC ) 142,80 143,50 146,10 143,55 142,65 141,50

6 FULL TEMPLRATUKE ( C ) 12,00 12,00 12,00 12,00 12,00 [2.00

K oAalPR MFTER TINPERATUKE ( C ) Sh, 00 24,00 24,00 24,00 24,00 24,00

11 INTAKE MARTHOLD PRLSS.(mm Ha) =524 ,90=-524,9%0=527,15=526.40-524,14=521,14

26 EXHAUST TEAP, (POST TurbO) 121,0 118,90 113,0 t12.0 114,0 121,0

27 EXHAUST PRESSURE (POST TUwkDY) .0 . 0 .0 . N )] <0

13 CAKBON mogoxing ( % ) 1.300 1.200 1.300 V1.J00 1,200 1.100

1S CAknON DIOXIDE ( X ) 13,500 13,500 13,500 13,500 13,000 13,600

te OXYGEN C 2 ) 1,200 1,300 1,300 1,.58%0 1,300 1,200

12 HYDKOCARIUNS ( PPIC ) 3o00,0 3300.0 3150,0 3060,0 ¢#940,0 2400,0

14 NXJvES OF NITKROGEN ( FPM ) 30,0 28,0 =24,0 =27.0 =20.0 =18,

H/CAKRHNN
KATIU
3,97

PUWEK
COHKRECTIUN
0

CALOKIFIC
valLut
19940,00

FRICTLION
OP T LU
0.

TURBUCHAKLED
vt fun
v

ud Pl
UPlluw
[’}



DATE 277 1/7K6

RELATIVE
HUPTPETY CORRECTION FACTOR
GRALLS Ut

SFEED
REV/S

15.0
15.0
15,0
15,0
15.0
15,0

PuNiR
K.

.00
Y
LS00
L0n
<00
200

HIMATDLTY

NMEP
AR

.00
.00
.00
00
W00
.00

FPA/VN HIRCC

Nef ol /d0SUH TGNTITINM = CURKECT

IGHYIT I

e os oo

TEST no. 4

VATER/L DRY AlR

TONWUE
N, ™

.00
L0n
. N0
LU0
o O
00

TIMING

9,0 BAROMETER 756,36

wann
.
<
o

FUP L
G/Kbw t

104a8,0
1039 .9
1035,6
1039,6
10461
1054 ,6

SWING AT

VOLUME

ROUFFICTENCY (%)

1a,.2¢(
14,3¢(
1a,2¢(
14,3¢
14.4(
t4,6(

1S REV/SEC LIDLE

TRIC

«0)
. 0)
«0)
.0)
.0}
.0)

PETHAMUL (79,5mm X 73_.4mm)

INJECTURS

MM, MG WET BULbL TEMP(C) 14,5
DrY RBulb TEMP(C) 22.0
AS G/ ARE ACTUALLY G/HR
CULAT UM AlKk MEIER DATA
AIR HUEL dg.1.E. H C
HATIV % G/nw.His
6b,3¢( .0) .00 12,41
t, 0 .0) Y 11,42
b0t . (1) L 00 10,79
6.4( . 0) .00 10.60
6.4 ( L 0) <00 10,19
G ( .0) ) b 47

REFER TO FIGURE NOS, 47-50 gand 75-78

NUX
G/Kn  HR

.34
3¢
o217
25
S
.21

cu

/KW N

78,317
12.01
17,99
712.17u
12,14
67,91

cu2
G/ Ka HR

1218,74
1285.51
1210,98
128%,1¢2
1295,21
131919

HC ¢+ NuX
G/KAN HK

12.75
11.74
l1.06
lu.8S
10,42

4,68



EPA/VY HRCC MFTHARNOL (79.5mm X T73.,4mm)

M,E.C./7RUSCH JGMITIUN = CORRECT IUJECTORS

REFER TO FIGURE NOS. 83-86

E.G.R, LOOP AT 40 REV/SEC 2.5 BAR BMEP 1,0 E.N,
HORE STROKF NUMIBE R UF CYCLF BRAKE ALK METER FUEL H/CARBON
CYLIMDEKS TYPL CONSTANT CUNSTANI] $.G, RATIU
79.50 73,40 4 4, 159.1551 L00000u . 7950 3.97
DAY MONTH YEAR TEST HARUOME TFR WET RULL DRY BULS PUWNER
NUMBRER TEMPERATURE TEMPERATURE CURRECTJION
30 1 86 51,00 749,61 10,00 14,50 0
1 FNGIMNE SPEED (REV/S) 49,00 40,00 40,00 40,90 40,00 40,00 40,00
2P IGWETION TIMING 11.00 14,00 17,00 21,00 24,0v 27,00 29,00
4 FUEL VOLUME ( CC ) 1v2.,50 102,50 102,50 102,50 102,50 102,50 102,5¢
2 HRAKE (UAD 297,00 29,00 29,04 29,00 29,00 29,00 29,00
S FUutL TIME ( SEC ) 47,85 51,10 51,00 50,50 49,65 49,15 48,80
6 FUEL TEMPERATURE ( C ) 12.00 172.00 12,00 12,00 12,00 12,00 12.00
A AR METER TEMPERATURI ( C ) 1R,00 19,00 20,00 20,00 20,00 17,00 117,00
1t INTAKE MANFEOLD PRESS.(mm ) =392.54«373  Tu=341 ,41=317_34=280,50=245_,15=215,0/
26 EXHAUST TEMP, (POST TUuRA() 7.0 397,00 39%,0 3BA,0 3H4,0 383,0 3&1.0
271 FXNAUST PRESSURE (PDST TUKBO) 9.8 T8 9.8 9,0 9,0 9.0 9.0
13 CARBON MONUXIDE ( % ) LS50 L600 <500 L6000 «600 + 651 700
15 CARBON DIOXIPE ( %X ) 14,500 14,600 14,600 14,500 14,600 14,600 14,500
16 OxYGEN € X ) 500 2900 L6000 « 650 . 700 . 700 800
12 HYDROCARBOMS ( PPMC ) 720.0 AA0,0 10R0,0 1440,0 1740,0 1950.0 228p,0
14 OXIDES OF NITRAOGFH ( PE4 ) =780,0 =360,0 ~180,0 =100,0 =55,0 =~36,.0 =23,0
17 INTAKE MANIFOLD CU2 C %) .030 AT70 1,690 2,320 2.980 3,540 3,980
30 AMELENT CUZ2 (X) .030 .030 +U30 . 030 JU30 030 2030

CALOKIFIC
VALUE
19940,00

FRICYION
OPTION
0.

TUKHUCHARGED
uPTlun
'}

ouiIPUT
UPTION
4



EPA/VE HECC METHALUL (79.Smm X 73,4mm)
MaF oCoZBNSCH THHTITTON = CORRECT INJECTURS REFER TO FIGURE NOS. 83-86

[Gale, LOUP AT 80 REV/SEC 2.5 BAR HMEP 1,0 kR,

PATE 30/ 1/86 TEST i), 51,0 BARQMETER 749,61 MM, HG WwET HBULB TEMP(C) 10,0
DRY nulp TEmMP(C) 14.5

RELATIVE HOUMIDITY = 56.2¢

HUMIDITY CORRECTIOMN FACTOR = .85

GRALNS OF WATER/LB DRY Alk =

s IF PO 0,0 RESULTS LISTED AS G/KA=HR ARE ACTUALLY G/Hk 3
HESIL 1 (BRACKETS) ARE CALCULATED FROM AIK METER DATA
SPELD POwER nage TURUNE FUEL VOLIAETRIC AlR FUEL belestos H C NUX cwo cue HC + NUX
REV/S K HAR ol C/Rw.HR EFFICIENCY(Y) RATIO % L/KaHR  G/KW.HR  G/Rn itk G/RAhR G/KA  HK
49,0 7.29 .50 ;3,00 BO9 6 30.2¢( . 0) 6 0 .0) 22.30 1,93 boHS 25.75 1uen,73 H,57
0.4 7,27 .50 29,00 TH9 A 29,5¢( o) b4 .0) 22.He 2.17 2.917 el.12 10s6,17v S.14
40,0 7.29 2.50 e9.00 791.4 29.8¢( . ) 6.5 ¢( .0) 22,81 2.k1 f.49  22./5% 1043,.938 4,30
a9,0 7.29 .50 29,00 199,°2 3v.b( . 0) b0 «0) e2.MY .77 +R3 27,51 1044,57 T 4,01
v, o 1,29 2.5 ey un K1e.? 30,.9¢( .0) hb4( . 0) 2?2.21 4,60 o 27,74 1ub0, 738 S.0n
40,u 71.29 2,50 P9,00 821,11 30,0( . 0) 6,40 .0) 21,99 S.18 .31 50.22 1veb,.bY S.u49
40,0 1,29 2.50 9 0h 827.0 3o, 7¢( .0) o,/ .0) 21,43 6,11 .20 32,82 1v6h 0/ 6,31



EPA/VKW HRCC METHANGL (79.Smm X 73 ,.4mm)

08 Hi T : JECTORS
M,E.C./7FOSCH TGNITION CORRECT [HIECTORS REFER TO FIGURE NOS. 87-90
E.L R, LANE AT 40 KEV/SEC 5,5 BAR BMEP 1.0 F R,

HURE STROKL NutisE k. OF CYCLE RRAKE ALR METER FUEL H/CARBUN LALOUKTF]C. TURBUCHARGED
CYLINDEKS TYPE CUNSTAN) COMSTANT S,6G, RAT]1O VALUE uPllu
79,50 713,40 ] i“, 159.15%1 000000 « 71950 3.97 19940,00 ']
DAY IONTH YEAN T 8T HAROMFTER WteT HULL PDRY pULH PUWER FRICTION [VIVRN VR
NUMBER TEMPERATURE TEMPERKATURE CURKECLTL1uUN OPTiUN UPTTUN
31 1 LY 52.00 753,60 1,00 14,50 0 0. 4
1 FHGINE SPEED (REV/S) 49,00 40,00 40,00 40,00
28 (GHLITION TIMING 12.00 11,00 16,00 19,00
4 FUEL VOLUME ( €C ) 2U3,00 203,90 203,00 205,00
& BRARE LOAD 03, B0 63.R0 63,R0 63,.H0
S fuft TINMF ¢ KEC ) 6,30 61,05 61,35 61,40
6 FUIL TEMPERATURE ( € ) 12.00 12,00 12,00 12,00
B ALR METER TEYMPERATURE C C ) 17,00 18,00 18,00 148,00
11 JNTAKE MARTFOLD PRESS.(mm . HQ) =210 ,32=1804,20-132,35 =9b,51
26 FXHAUST TempP, (POST Tukpo) a835.0 d76,0 aJyu,0 UbH,Q
27 ExnAUST PRESSURE (IPOST TUREO) 22.6 21.H 1.4 21,1
13 CARBON MONOXTDE ( % ) 900 .500 L 00 L6000
15 CApBon pDIoxInt % ) 14,600 14,7060 14,500 14,500
16 OXYGLEH (% ) sHUL LH00 JH00 Y
12 WYDROCARBONS ( PPMC ) 1110,0 1620,0 1740,0 1850,0
14 OXJobS OF nITROGENR ( FPM ) SP0MY,,0=11400,0 =740.0 =550,0
17 INTARE MARIFOLD CU2 € % ) 04U L7770 1,460 1,K90

30 AMBICNT Cu2 (%) L0UD N0 L0480 04y



CPA/Vvy hiPCU METHANUL (T9,.9mm x 73,4mm)

P F G CW/HNSUH TGHTTIUN = CORKFLY [NJECTUKS REFER TO FIGURE NOS. 87-90

P ofiglte LOOP AT 40 REV/SEC S.5% HAR LMEP 1.0 .0,

DATE 31/ 1/8o TLST an, “2.0 BARDMETER /S3,60 MR nG vt t bBulo TEMP(C) 1o.u

DRY HUlLY TEMPIC) 14,5
RELATIVe MUMIDITY =
HUMIOTITY CORFELTTIUY FacTor = «H5

GRALNS UF WATER/LD URY ATW 40,49
s JF POk = 0,0 RESULTS LISTED AS G/Kr=HE ARE ACITUALLY G/HKR @
RESULTS 14 (BRWACKRETS) ARk CALCULATED FRUOM AIR METER DATA
SPtLr Puwt R nmpy ToRGNE FUtL VOLUAEIRTC Al FUEL Bel.E, h C NUX cu cue HC ¢+ NUX
[HRVA (S AR [P G/ZKw HE  EFFICTENCY (%) RAT]U % G/an.HE  G/ZR L HR  G/Kw bk L/RA HIC G/KA HK
C 15,08 5,50 h3 b0 62,5 n9,.1¢ .0) 6,4 .0) 29,90 2.cb 12.60 17.3¢ 744,51 14,66
40,0 o, 058 Behl hi.h0 9951 4K8 4 . 1) .U ( o) 3u,. 34 3.14 R.6u 16,74 1v2.4%2 11.78
ae 0 1o, 03 5,50 G B0 S92.° 48,2 ( o) a0 ( .0) 50,09 3.37 4,5%6 20,34 112.5¢ 7,93%

40,0 16,03 ".50 63,60 591,7 a8, 1¢( «0) 6.4 ( .0) 3G.491 3.54 3.59 20,37 141,44 6,93



EPA/Vy HRCC METHAMGE (79,5mm X 73.4mm)

Mob JCoZ705CH JGUNITLION = CORPECT INJECTORS REFER TO FIGURE NOS. 87-90

E.G,H, LOOP AT 0 KEV/SEC 5.5 BAR HMEP 0,9 E.R,

BORE STRORE NUNBEF K GF CYCLF HRAKE AlR METER Fut L H/CAKbON CAaLikIFIC TURBUCHARGED
CYL[HDFRS TYPt COMSTANMT CUNMSTANT Setia KATIU VALUYE ubllun
79.50 73.040 ] U, 159.1551 000000 « 1950 3.9/¢ tYvYuu,00 1]
DAY LONTH Yt AR TEST LAROME TEKR AET RULL DRY yuLp PUntk FRICTIUN OUIPUT
NUMEE R TEMPERATURE TEMPERATURE CURKECTiON DPTLION UP Qi
31 1 86 53.00 752,31 11,00 19.00 0 0. 4

1 ENGINE SPEFED (REV/S) 40,00 40,00 4n, 00 40,00
2B IGHITINN TIMING 14,00 15,00 16,00 17,00
a4 FUFL vOLude ( CC ) 203,00 203,00 203,00 203,00
2 HRAKF LOAD 63,80 63,80 63,80 63,80
S FURL TIME ( SEC ) 63,29 63.5% 64,2% 63,80
6 FUNL TLMPERATURE ( € ) 12,00 12,00 12,00 12.00
R AR METER TLAPCRATURE ( C ) 16,00 16.00 17,00 te,.00
11 INTAKE MANIFOLD PRESS,.(mm dlu)=191,76=159,42=-118,82 =90,24
26 FXHAUST TEMP, (POST TUPBG) 472.0 U64,0 U466,0 U610
27 LAHAUST PRESSURE (PUST Tuwhy) ’2.h P2Lk e2.b 21 .4
13 CARBOM MOROXTUE ( % ) 127 134 148 . 152
15 CAinCHN DIUXIDE ( %X ) 13,300 13,300 13,300 13.300
16 OxYGFH (% ) 2.500  2.%% 2,400 2.500
12 HYDKROCAKBURS ( PPMC ) 1200,0 1440,0 16A80,0 1H30,0
140 OXIDFES UF HITROGEN ( PPM ) =2250,0=1250_,0 =7K0,0 =580,0
17 INTAKE MAHTFOLD Cul ( %) LT LHN0 1,210 1,500

30 AMHLIENT CO2 (%) o A0 TN L0440 <040



EPA/Vw HRCC METHAMOL (79.5mm X 73.4mm)

M.FE.C,/BUSCH 1GRITION = CURRECT INJECTURS REFER TO FIGURE NOS. 87-90
EoGolte LOUP AT 40 KEV/SEC 5,5 DBAR HMEP 0,9 E.R,

NATE 31/ 1/86 TEST un. S3.0 BAROMETER 752.31 MM, HG ntT RuLb TEMP(C) 11,0
C . URY BULB TEMP(C) 19,0

RELATIVE HUMIDITY = 35.4%

HUMIDITY CORRECTION FACTOR = .82

GRAINS OF WATER/LD DRY ATR = 34.00
: IF POWER = 0.0 RESULTS LISTED AS G/KW=HR ARE ACIUALLY G/HR :
I R R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R 2 B
RESULTS 1N (HIACKETS) ARE CALCULATED FROM ATR METER DAA
SPEED  POWER AMEP  TURGUE  FUFL  VOLUMETRIC AIR FUEL B.T.E. HC NUX Cu CU2  HC + NUX
REV/S K BAP NoM  G/KW.HR FFFICIENCY (%) RATIO % G/KH.HK  G/KW.HR G/Kn.HR  G/Kw.HR G/KNW.HR
40,0 16,03 5,50 63,80 574,4 52.0¢( .0) 7.2¢ .0) 31.45 2.54 14,25 4,71 774,92 16,79
40.0 16.03 5.50  63.80  S5T1.7  Sl.6(  .0) 7.1C  ,0) 51,58 3.03 7.86 5.08 169,28 10.89
40.0 16.03 5.50  63.80  565.5  50.8( .0) 7.1C  .0) 31,93 3.49 4,84 S.38 758,99 8.33
40.0 16.03 5.50  63.80  569.5  51.2( .0) 7.1C  .0) 31,70 3.82 3,62 5.55 703.28 7.44



EPA/ V.

MJELC./BOSCH

HRCC METHAMOL (79,5am X 73,dmm)

IGHITION = CORRECT IHWJFCTORS

EeGoR. LUOP AT 10 REV/SEC 945 HAR ntiEpP  0,K
HUKRE STRORF Hnnf i oF CYCLE
CYLINDERS TYPE
79.5%0 75,40 4 ",
DAY HohTh YEAK TEST
WHBRER
1 . P4 86 94,00
1 ENGINE SPEERD (REV/S) 40,00 40,09
S8 OTGHITION TIMING 16,00 17,00
4 FUHL VOLUME ( CC ) 203,00 203,00
2 HRARE LOAD 63,0 63,0
S FULL TIME ( SEC ) hih 0% 64,34
6 FULL TEMPEDATURE ( € ) 10,00 10,00
B OALR METEP TEMPERATURE ( C ) 14,00 16,90
(] INTAKE MANIFOLD PRESS.(mm Ha)=153 a4§=-121,07
26 [XHAUST TEmpP, (POST TURKD) 458,0 4S54,y
27 EXHANST PRESSURE (POST Tuxiin) 25,6 20,8
13 CARBON MONIXTIRE ( % ) .133 . 139
15 CAkyOn DIGXINE ( % ) 11,700 11,700
16 UXYGFl ( X ) 4,600 4,700
12 HYDPROCARBOUS ( PPMC ) 1620,0 1800,0
14 0X1uES OF ulTrogin ( PPM ) -1150,0 =6RG,0
17 INTAKE “ANTEOLD Cul (% ) 20 it
3N AMIIENT CO2 (%) L020 AN

REFER TO FIGURE NOS. 87-90

LK.

BRAKE ATt AETER
CUNSTANT CONSTANT
199,1551 000000

HARNMFTER SET BULB
TEAPERATUKE
793,70 12.00
a0,00 840,00
19,00 20.00
205,00 203,00
AL KO 635.80
08,50 64,55
11,00 11.00
te. 00 6,00
~8H T4 =74,45%
452.0 agu,o
24,8 i H
. 148 o105
11.700 11,600
4,700 4,700
1980,0 2070,0
4RO, u =830 _G
-1.30 .50
L020 020

FUEL
$.6,
. 71950

PRY gL
TEMPEIA TURE
18,00

H/CAKBUN
RAT]U
3,917

PUNER
CORRECTIUN
0

CALOKFIC
VALUVE
19940,00

FRICTTUN
OPTIuUN
0.

TURBUCAHARGED
JP 1 Tun
J

[VURY VI
uriluN
4



FPA/VE HRCC METHAKOL (79.5mm X 73.4mm)
M,C,Ca/0SCH TGNITENN « CORRECT INJECTUKRS REFER TO FIGURE NOS. 87-90

CeGoeRa LOUP AT 40 REV/SEC S5 HAR BMEP 0.8 E.R.

DATF t/ 2786 TEST KW, 54,0 BARAMETFR 755,70 #M.HG WET Hutb TEMP(C) t2.0
DRY pul.y TEMP(C) 18,9

RELAVIVE HUAIDITY = 48,49

HUMIDLITY CORRECTIUN FACTOR = .87

GRATNS OF WATER/ZLH DRY ALK =

¢ 1F POw = b, ARE ACTUALLY G/HKr
TRESNLTS 11 ( OM AIR METER DATA
sPien PUCER LR P TURWLE FUFL VOLUMETRIC AIR FUEL HoeToE H C WUX cuo cue HC + duX
REV/S Kt BAR MM /KW HE  EFFICIENLY(X) RATIU X G/rN R G/KAHR  G/ZKw.HR  G/Km R G/KA Hit
49, 16,03 5.50 63, A0 S6H 3 56,.8¢( . 0) .00  .0) 31.77 3.84 #,4u 5.51 Tol1,617 12.24
4y, 0 16,03 S50 63 no H0S.6 57.0¢( .0) 8,0¢( o) 31,92 4,24 4,93 S./2 156,60 9.17
n0.0 16,03 N850 b3, B S63,8 56,7¢( .0) BR,0L +0) 32,02 4,63 3.46 6,006 152,41 8,10

ag,u 16,93 5,950 63,80 563.4 Sm,7¢( .0) 8,0¢( ) 32.05 4,88 5.12 5.498 751.32 8,00



EpA/svi HRCC

mETHANOL (79,Smm

Mob oCo/Z0'0SCH TGUITINON = CORRECT THJIFC
£ .G.H. LOOP AT Q0 REV/SEC 5.5 AR gME

tort STROKE NUMHE j¢ (oF

CYLINDERS

79.50 73.40 4

DAY AORTH YEAK TE
NUM
1 2 86 5%,
t CHNGLHF SPEED (REV/S) 40,00
2R IGHITION TIMING 20,00
4 FUEL VvOLUMgE ( CC ) 203,00
2 BRAKE L OAD 6,80
S FUEL TIMF ( StC ) 65,08
6 FUEL TEMPERATURE ( € ) 11,00
8 AIR METER TEMPERATURL ( € ) 16,00
11 INTAKE MANTEOLD PRESS. (mm,Ha)=103,.78
26 EXHADST TEMP, (POST Tukbo) ang, o
27 PaANAUST PRESSUPE (POST Tuwei) 29,3
13 CARHON MOLDXTUE ( %) i )
15 CAFpIN vIOXTOL ( %2 ) 9,900
16 OXYLEN (% ) 6,900
12 HYDROCARRONS ( PPMC ) 2100,0
14 OXJUDFS OF SITRDGEN ( PPM ) -290,0
17 INTAKE WARTFOLD Cul ( %) .030
30 AMBIENT CO2 (%) JU30

X 75.t4mm)

TorS

P 0,7

CyCut
TYPE
4.

ST
BER
00

40,00
20,00
203,00
63.40
65,20
11.00
16,00
~b4_ 2?
a437,0
2Hheb
LN
9,900
6,900
2190,0
200,80
+ 300
L0030

E.R,

BRAKL
CONSTANT
159,1551

HARUME TER

753,70

40,00
21,00
03,00
63,80
65,30
11,00
16,00
-48,13
436,0
28,0
125
9,900
7.000
PREOL0
-125.0
«HT70
L030

REFER TO FIGURE NOS., 87-90

AR 4ETER
CUNSTAMT
«000000

WE T BuLHe
TEMPERATURE
12.00

FUEL
5.6,
. 7950

DRY pULK
TEMPERATURE
18,00

H/CARBON
RAalIO
3,97

PUWER
CunrkgECTlon
0

CALOK]FIC
VALULE
19940.00

FRICVIUN
OP1LUN
v.

TukBuCHARGED
Ukl tun

"]

vulrPul
UP LU
m



FPAZVW HRCC METHADOL (79,.5mm X 73./1mm)
Mob oCo/U80BSCH 1GETTION = CURKECT INJECTORS REFER TO FIGURES 87-90
FefeBe LOOP AT 40 REV/SEC 5.5 BAR BMEP 0,7 E.R,
DATE 1/ 2/86 TESY MO, 55,0 HAKOMETER 755,70 MM .nG weT HULB TEMP(C) 12.0
DRY HULY TEMP(C) 18,0

RELATIVE HUMIDITY =
HUPLDLITY CORRLCTTION FaCTnk = A7

GRALIMS OF AATER/L DRY AlK 03,76
IR POWFR = 0,0 RESUHLTS LISTED AS G/Kvi=1k ARE ACTUALLY G/HR
RESULTS 1IN (HRACKETS) ARE CALCULATED FROM ALK METEM DATA
SPLED fPOnER Mg ToRLOE FHEL VOLUMFTIR]C AIR FOEL .l HC NUX cu cue HC ¢ NUX
REV/ZS Kl NAR s G/Ke MR FFRICIENCY (%) RATIU % G/RAHR  G/KW HR  G/Ra MK GZKAHR  G/Kwardr
16,03 5.5u 63 B0 859, 60, T( o) 9.2¢( .0) 372.30 $.73% 2.57 S.v7 745,058 8,11
16,03 H.50 63,80 857,18 b, 5( W) .20 «0) 32,31 5.96 1.63 5.9 Tuon , T4 71.59

16,03 5.50 63,80 556,90 64,6( .U) P.2( .0) 32,42 b.1Y 1.02 5.94 758,88 7.21



ErAa/zvi DRCC AFTHANUL (79,5mm x 73.4mm)
MoELCoZBUSCH LGNITION = CORPECT [NJECTORS REFER TO FIGURE NOS. 83-86

EoGoke LUONE AT 40 REV/SELC 2.5 DA udMEP 0,9 . R,

NS STROKE nuMplH yf CYCLF HRAKE AIR METER FUEL H/CARDUIN CALURIFIC TURKBUCHARGED
CYLILDERS TYPE . CUNSTANT CONSTANT S.6,. ®KAT1U VALUE uPllui
79.50 73.40 9 4, 159.15%1 20900600 .7950 3.97 1Y940.00 v
DAY MOHTH YEAR, TesT HAROME [ FK WET BULR DY BULH PUWER FRICIIUN UUTPUT
NUMEEK TEMPERATURE  TEMPERATURE  CURRECTiUN APTIUN LA RVE
1 ’ 2 86 56,00 753,70 12.00 16,00 o 0. 4
1 ENGINE SPHEDL (REV/S) 40,00 40,00 4,00 AY,00 40,00 40,00 46,00
ROIGNITION TIMING 13,00 1S,00 17,00 21,00 24,00 27,00 29,00
4 FUutL voLnmgE ( €CC ) 102,50 102,50 102.50 102,50 102,50 102,50 102,50
7 BRRAKF LDRD 2R,.00 29,00 29,00 29.00 29,00 29.00 29.0v
S FULL TIME ( 5tC ) 51.05 S1.6% 52,20 S1.75 S1.30 51,00 5S0,65
6 FUFL TEMPERATURE ( C ) 11,00 11,00 11,00 131,00 14,00 11,00 11,006
8 AlRr MFTERF TEMPERATURE ( C ) 17.00 17,00 17,0u 17,00 17,00 17,00 17,00
11 [NTAKE MARTFOLD PRESS,(mm 11q) =302 02=35R  Ju=330,13=-300.,05=270,72-2012.90=293,79
26 EXHANST Teue, (POST Tukbn) A95.0 392.0 389,90 33,0 3AL1,0 3TR,0  3BO.0
27 EXBAUST PRESSURE (I'UST TUKKL) 9,.H Yol 9. 9.0 9,0 9,0 CNT]
13 CARHON MOLOUXIDE ( X ) <140 . 138 .132 <142 147 160 184
15 CARBON DIOXINE ( % ) 15,200 13,300 13,200 13,200 13,200 13,300 13,200
1o OxysEr C % ) 2,500 2,800 2,900 2,450 2,500 2,500 2.500
12 HYDKNCARBRGHS ( PPmMC ) HdO,0 1020.0 1320,0 168Bu,0 19%0,0 210,00 2640,0
14 OXIO+S OF GITROGEH ( P ) =~HOO, 0 =340,0 =190,0 «125,0 =90,0 =64,0 =38,0
17 INTARE MANTFULD CO2 ( % ) .03%0 LTRO 1,400 2,020 2,480 2,910 3,260

30 AMHIENLT CU2 (%) LU30 L 30 <030 L0130 L0304 .030 L0350



FPAZVE 100CC nbThanal (79.5mm X 73.4mm)

Mot oCa/BNSCH TOHTITIH =« CORNECTY INJECTURS REFER TO FIGURE NOS. 83-86
FoGaRRy LOULP AT A0 REV/SEC 2.5 BAP BMEP 0.9 F LR,

NATE t/ 2/86 TESE O, H6,0 BAROME FEKR 755,70 mpi HG HET BuLH TEMP(C) 12.0
DRY sulo TEMP(C) 18,0

RELATEVE HUMIDTTY = 48,19

HUIOLTY CORRECTIUM FACTOM = A7

GRALILS OF WATER/Lp DRY AIK = 43,76

:IF POWER = 0,0 RESULTS LISTED AS G/Kw=1lR AFE ACTUALLY G/HR @
hl.SULTS 1 (sWACKETS) ARt CALCULATEDL FROM AfR Ml' TER naTa

SEEED (TNl 1IMF P TurLlIE FURL VOLUMLTRIC AlR FUEL bel.E. " C NUX cu cue HC ¢+ Hux
KL.V/S Ko HAR NI G/KbioHit EFFICIENCY (%) RATIU % G/RAHKE  G/KR MR G/KN HK  G/KA.hN G/KAHK
40,0 7.29 .50 29,00 791,73 32.7¢( o0 7.2¢ .0) 22 .82 2,48 71,63 7.22 10bL7,18 10.11
ho L,y 1.29 ALY 9. 00 YLV 32.0¢( .0) T.1¢( .0) Z25%.08 2.95 3.11 6.7  1055,.65 6,05
80,0 7,29 e.50 29,00 774.9 31.8¢( V) T.1¢ . 0) 23.33 3,79 1,72 b.64  10U2,.5%¢ 5.92
40,0 7.29 2.H0 29.,.a0 na,h 31.9¢ <) T.1¢( o 0) 23,13 4,85 1.14 T.18  1048,0v 5.99
4.0 71,29 P11 29,00 TRT 4 32.2¢( .0) 7.1¢( .0) 22.93 5,67 .83 7.48 1054,7v 6.50
Y] /1,89 2.50 PRI 792,19 32.5¢ o) 7.0 ¢ ) 22,719 6.2% .59 Bl QuSA 4T [ 3%.Y'}
40,0 7,24 2.5v 29,00 ™7 .6 32.4¢( V) T.1¢( .0) 22.64 7.71 .35 9.40 109,94 H.06



EPA/vn HRCEC nNETHAMQL (79.5mm X 73,.4mm)
M.ELC./Z7ROSCH TGHITION = CORFECT INJECTUKS REFER TO FIGURE NOS. 83-86

E.Got, LUOP AT 40 RFV/SEC 2.5 BAR ubbl 0,8 E k.,

HORE STROKE rusi R OF CYCLY BIrAKE AlK METER FUEL H/CARRPII
CYLIMDERS TYPE copstany CUNSTANT S.6, KATU
79.5¢ 13.40 0 q, 159. 1551 «0U0000 . 7950 .91
DAY MONTH Yt AW TEST HARQME FEK “ET pUlLb PDRY BULHK Puwt i
NUMBER TEMPERATURE  TEMPERATURE  CURKECT 1o
2 2 Ho6 57.00 198,540 12.00 20,00 0

1 ENGINE SPEER (REV/S) 40,00 40,00 40,00 4u,00

28 IGHITINN TIMING 15,00 17,00 20,00 24,00

4 FUEL VOLUME € C€C ) 102,50 102,50 102,50 102,50

2 UBRAKE LUAD 29,00 29,00 29,00 29.00

S FUEL TImt ( SEC ) 92.75 53.30 53.00 42,25

6 FUEL TEMPERATURE ( C ) 11,00 11,00 11,00 11,00

B AIR BETER TE"WFRATURL ( C ) 17.00 17,00 17,060 17,00

11 JNTAKE MANIFOLD PRESS.(mm . Ha) =356 ,M19=32%_62-286,.51~240,064

26 EXHAUST TemP, (POST Tukpa) nG 0 3BN,0 382,00 376,0

27 EXMAUST PRESSURE (POST TUKRW) 12.¢ 11,3 11,3 11.3

13 CARBON MOQOXIVDE ( %) .125 122 134 NT72

1S CARyNN DIUXIDE ( % ) 11,500 11,500 11,900 11,500

16 OXYGEMN ¢ % ) 4,700 4,700 4,700 4,800

12 HYDROCARRUNS ( £PMC ) 1260,0 1620,0 1980 0 2R20,0

14 OXIDFS OF I TeOGEN ( #P0 g ~4fU, 00 =160,0 =HS, 0 =52,0

17 INTAKE MANTFOLD CU2 (C X ) L0020 AV 1.510  2.060

30 AMBILIENT CU2 (%) 020 020 LU0 L020

LALuUKLFILC
VALUL
19940, 00

FrICiTON
U T i
V.

fHikbyCrHAKGED
uP ) lun
v

udlpPul
ur Loy
4



DATE

2/ 2/86

RELATIVE HUMIDITY

HUMIDLTY CORRECTTON FACTFOR
GRALNS OF NATER/LB DRY ATR

SPEED
KeEv/sS

40,0
40,0
40.n
40,0

Puwt R

K

7.29
7.29
1,29
7.29

L1 A
BAR

2.50
2.50
2,50

2.50

FHA/Vu HFCC METHALOL

MoF o Co/700SCH

felialls LOMBH

TEST nNo, 57,

ToRubiE
Noh

29,00
e, 00
29,00
29,00

(79.5nm X [/3.4mm)
IGNITION « CUuRPRECT INJECTUOKS

AT 40 REV/SEC 2.5 AR fikEP

0 HARUMETER 758,50 um HG

36.93
LA
37.46

FUEL
/7KW  HIR

765 K
7%7.9
T62.2
7173.1

VOLUMETR]C
EFFICIENCY(R)

35, 3¢ .0)
34,8¢ .0)
34,.9¢ .0)
35.2¢ V)

0.8 FLuk,

REFER TO FIGURE NOS. 83-86

veT BULB TEMP(C) 12.0
DrY HULlo TEMP(C) 2v.0

‘}Kw: .hwé
TED (im A
A1R FUEL,
RalJu
8.1( .0)
A,0( .0)
f.0¢( .0)
H,0( .0)

H C
/AW, HK

4,11
5.21
6,38
Y.12

N X
G/ZRALHR

5,96
1.53
WA
WHU

cu
G/NNGHK

1.12
6,06
7.5%
913

cve
L/Kn R

169,81

016,35

1u17.98
10e2.01

HC ¢ NUKX
G/K AN HK

8,07
6,73
7.19
9.02



EPA/VA PRCC METHANGL (79,Smm X 73.4mm)
MoE oCo/RNSCH TGNITION = CORRECT §NJECTORS REFER TO FIGURE NOS. 83-86

E.C.R, LONP AT 40 KEV/SEC 2.5 BAR HMEP 0.7 t.r,

RORE STRONE nNunstr of cycrt BRAKE AlK METEK FUE L H/CAKHRII, CALORIFIC TuRBUCHARGED
CYLIHDERS TYPE CUNSTANI CONSTANT 5.6, Kallu VALUE uPTlun
79.50 73.40 [ 4, 159,1551 .N0U00u . 7950 3,97 199490,00 1}
DAY MONTH YEAR TE ST HAROME TF i WE T BULb DRY buLb Puwer FRICIION vulPUT
RUMRE KK TEMPERATURE TEMPERATURE CURKECTION OPf LN uP NN
2 2 86 S8, 00 758,50 12,00 20,00 0 0, d
1 ENGIYE SPEFD (REV/S) 40,00 40,00 40,00 AQ, 04
2B TGNITION TLATHG 21.00 24,00 28,00 31,0u
4 Futl voLumE ( CC ) 102,50 102,50 142,50 1p2.50
2 BRARE LUAD 29,00 29,00 29,0y 29,00
S FUEL TIMF ( SEC ) 93,30 H3.3% 52,40 51.5%0
6 FUtL TEMPERATURE ( ¢ ) 11,00 11,00 31,00 11,00
R ALK MUETER TEYPERATURE ( C ) 17.00 17,00 1R, 00 18,00
11 INTAKE MANIFOLD PRESS.(mm HO)«326,37=271 ,02=251,92=-210,%h
26 EXHAUST Teme, (POST TuRuN) 379.0 376.0 369,00 Reh.0
27 EXHAUST PKESSURE (PUST TURHKHO) 12.8 12.R8 12,8 17,0
13 CARBON MUKWOXTDE ( X ) 122 152 . 184 s 008
1S CARBON DIUXIDE C %2 ) 9,900 9,900 9,900 9,900
16 OXYLEN ( X ) 7.000 7,000 7,000 7,000
12 HYDROCARBUNS ( PPMC ) 1830,0 2460,0 Jubu,0 3790,0
14 OxIDES UF NITRUGEN ( PPm ) cloU. 0 =00,0 =4u,0 =33.0
17 INTAKE MANTFOLD CU2 ( %2 ) 20 «H80 1,170 1,610
30 AMBIENT CU2 (%) U020 L020 020 2020



EPA/VR BIRCE METHALOL (79.5wm x T73,4mm)

Mol oCo/n086H TGHITIUN = CURNFLT JMJECTORS REFER TO FIGURE NOS. 83-86

EoeGoel’e LOUE AT do KEV/ZSEC 2.5 VAR HWMEP 0,7 Fok,

DATE 27 2/86 TEST HO, 8.0 BAKOMEO TER 758,50 M. HG WET Rupt TEMP(C) 12,0
ORY bulb TEMP(C) 20,0

RELATIVE nUMIDIVY = 36,93

HUMTDLITY CORRECTTION +ACTHK = .Y

GRAINS OF wATEK/LY DRY AJK = 37.046

: IRt AS G/Kvi=HR ARE ACTUALLY G/uRk 3
RIS KHLAitD FRUM Alh MLIER DAIA

SPFIYH [ZTRTAL HME P TOPwUE FUgL vaLuME TRIC Al FUEL BeTlot s H C NUX [V V] Cu?l HC + NUX
REV/S (X7 BAP N, GZhwoE bFFICIENLY(Z) ATV % G/RALHK  L/ZKAHR /RN G/RA AR L/RaJNK
40,0 7.29 e.50 29.00 1.9 Ho,0¢( .0) 9.2¢( <0) 23,42 6,80 1.72 1.9¢ 101vu.3u 8.51
40,0 7.29 .50 P LN ] 17,2 39.7¢( V) 9.2¢ o) 23.84 .04 obd Y, 717 10uQ, 24 9.08
g, 0 7.29 2.50 290 770,9 40,2¢( L0) 9,.1¢( L.0) e25.42 11.35 A3 12,19 10vd.96 11,73

0o, 71.29 A1) o 00 78a u 40,6( v) YL,0( «0) 23,02 14,03 .30 15,01 iv1/7,.80 14.39



EPA/vi HRCC METHAKUL (79,.5mm X

M.t .Co/1IOSCH

IGNITION = CORKRECT

75.4mm)

{00 CTHRS

FoGole LOOP AT 40 REV/SEC 1.5 BAR HMEP 1,0 ¢ K.
HORF STROKE HUNBE R OF CYCLE vhAKE ATk METFK FUEL
CYLINDEKS T1YPE CoNSTANT CONSTANT S, 6.
79.50 . 73.40 4 u, 159,1551 L0000 JJ950
DAY MONTH YEAK TEST BAROMFTER JET wiLy LRY ULy
HUMBF R TENPERATURE TEMPERATURE
2 2 d6 g;q.oo 758,50 12,00 20,00
1 ENGINE SPEED (REV/S) ANL00  Aa0.00 40,00 40,00 40,00 40,00 40,00
2R IGHITION TImIng 13,00 15,00 18,00 22,00 26,00 32,00 34,00
4 FUEL VOLUME ( CC ) QP00 H2.00 52,00 SZ.00 0 92,00 S2.00 52,00
2 RRAKE LOAD 17.00 37,80 17,40 17,40 17,40 17,40 (7,40
S FutlL TIAE ( SEC ) 32.2% 32.50 32,75 32.70  42.45 31,85 31.725
6 FURL TEMPERATURE ( C ) 11,00 11,00 13,00 11,00 11,00 12,00 12,00
B AIR "METEK TEMPERATURE ( C ) 19,00 19,00 19,00 18,00 19.00 18,00 19,00
11 INTAKE MAWNIFOLD PRESS.(mm . pHa)=db] T3=142 18=0411 34383 ,492=362,46=328,62=-306,82
26 FXHAUST TeMP, (POST TuRosO) 368,0  365H.0  362,0 35R,0 35,0 351,0 352,0
27 EXHANST PHRESSURE (PNST Tukbw) 7.5 ho 8 h.b Lok bob 6.0 6.8
13 .CARLON MONOXIDE C % ) «0 00 L0600 « 600 « 7100 « 150 «R00 a0y
15 CARHOW DIUXINE ( % ) 104,300 14,300 14,400 14,400 14,3500 14,100 14,100
16 OXYGEN C % ) 700 L7700 700 Y 800 .00 +950
12 HYDROCARBONS ( PPMC ) Lo, BA0,0 1110,0 31320,0 1o0l0,0 2220.0 Q34u,0
14 OX10ES UF HITROGEN ( PPM ) «ql 0 =210 ,0 =110,0 =65,0 =49,0 =28, 0 «22,0
17 ITHTAKE MANTENOLD CU2 ( X ) .30 L6001 T80 2,380 3,080 8,750 4,180
30 AMRIENT CO2 (%) . 030 L 030 <030 +0350 <030 L0030 IRV

REFER TO FIGURE NOS. 79-82

H/CaRbiN
wal Ly
3,917

PUWER
CORRECT 1
0

CALOK [ IL
VALUL
19940,00

FRICI10uW
UPTILUN
0.

TiehuChar,Ey
uP 1 TuK
v

VUiPUIY
uPllun
[



fFRA/VA HPCC NETHADIW (79.9mm X T35,.4mm)
Mof L Co/BNSCH TCNTTION = CUORKECT INJECTORS REFER TO FIGURE NOS. 79-82

LoGotey LOUR AT 40 REV/SEC 1,5 bhAR HMEP 1,0 F K,

DATE 2/ 2/8¢6 TEST un, Sq BAROHETER 798,50 MM HG AET HuLH TEMP(C) 12,0
DRY HuLb TEMP(C) 20,0

RELATIVE HUMIDITY = 36.93

HUNMIDLITY CURRECTIUN FACTOR = . B4

GRALILS OF wATER/LE DRY ATK = 37 _.ds

$1F POwnER = 0,0 KESULTS LISTEDN AS G/KA=HR ARE ACIUALLY 6G/HK ¢
RESULTS 11 (BRACKRETS) ARk CALCULATED FRUM aAlw METER LATA

SPFED PPOWER HHFP TuRulig FUFL voLnMETriIc ALIR FUEL Belatie H C N X c o cue HC ¢ vuX
KEV/S (] HAR Pt G/KW P FRFICIENLY(Z) RATlU % G/ZRVigHEh  G/RaHR  G/Ruatth G/ e MR G/ANHK
a4p.0 4,37 1,50 17,40 1059 .1 23.7¢( L 645(C +0) 17.05 2.34 4,85 A7.138 13%0.54 7.148
40,0 a.37 1.50 17,40 1051,.0 28.5¢ . 0) 0.5 L0) 1/.18 .5 2,09 36,00 13/B,1Y 5,24
40.0 4,37 1.%u 17.40 1ou2.,9 23.3¢ . 0) 6.5 .0) 17,351 3,43 1.18 36.¢2 1565,00 S5.01
40,0 4,37 1,50 17,40 1044 % 23.2¢( .0) b5 ( . 0) 17,28 4,53 .70 41,94  1354,88 5.22
no, v 4,517 1.50 17,00 10526 25.4( .0) h i .0) 17,15 5.60 JH3 45,58 1399,.6¢2 6,04
0,0 a, 37 1.50 17,80 10714 25.71¢ L) b N 16,85 7.86 .31 49,57 13i2.14 - 8,17

49,v 4,37 1.H0 17,40 1092,0 24,2( ) 6.4 ( o) 16,55 H,39 «2Y Yo, d/ 138448 8,063



EPA/Vn HRCC METHANOL (79,5mm X 73,fmm)
Mot oCo/BOSCH TGHITION = CRREECT LNJECTORS REFER TO FIGURE NOS. 79-82

E.G.R, LOOP AT 4O REV/SEC 1.5 A BMEP 0.9 F oK,

RORE STRORE Humnt k. OF CYCLF Hi*AKE Alx METER FUt L H/CARDON CALuriFIC TURPUCAHAKGED
CYLINDERS TYPF COMSTAMI CONSTART S.G, KAl Ly vapilt, uPllun
79.5%0 13,40 ] ", 159.15%1 000000 L7950 3,97 1Y340,00 7}
DAY MOMTH YEAR Te ot HBAROMFTER HET Bl DFY HuLp PUWE k FrICTIun uliPul
NUMIE R TEMPERATURE  TEMPERATURE CURKECT U UPTIUN [V RVIY]
3 2 LIS 60,00 758,99 10,90 18,00 1] 0, 4
1 ENGINE SFELDL (REV/S) A0, 00 40,00 406,00 H40,00 40,00 40,00
28 IGNIVIDN TItthiuG 14,00 16,00 19,00 22,00 20,00 32,00
4 FUEL vuaLumt ( ¢€C ) 52,00 S2,00 S$2,u0 52,00 S2,00 52,00
2 RRAKE LOAD 17.40 17.40 17.40 17,40 17.40 17,40
5 FUrk TIME ( SLC ) 33.25 33.65 33 .85 33.2% 32,65 31,7%
6 FUFL TEMPERATURE ( C ) 11,00 11,00 11,00 11,00 31,00 11,00
B OAIR METER TEMPERATURE ( C ) 17,00 17.00 17,00 18,00 184,00 18,00
11 INTAKE MARIFOLD PRESS, (mm 1) =d48 19429 30=104 ,58=-370,71=343 ,66=-310,5%
26 EXHAUST TeMp, (POST Turpu) S68,0  365,0 361.0 357,0 355.0 35%50,0
27 EXHAUST PRESSURE (POST TURRO) 7.5 7.5 6.4 6.8 6.8 6,8
13 CARBON BONUXIDE { % ) 1066 160 105 162 . 135 .220
15 CAxBON DIUXIDE C X ) 13,200 13,300 15,200 13,200 13,200 15,200
10 OXYGEN ( 2 ) 2,500 2,500 2,500 2,500 2,500 2,500
12 HYDRDCAKBUNS ( PPOC ) HAG,0 1020,0 13820.,0 1H30,0 24d640,0 3000,0
14 OXIvES UF HITKOGEN ( I'fw ) 4B 245,00 =125,0 =55,0 <«36,0 =30,0
17 INTAKF MAawIFOLD CO2 (%) <020 JHBHO 1,540 2,090 2,890 3,480

30 AMHIFNT Cu? (%) 20 L0020 L0220 020 x4t L020



EPA/VEE HRCEC METOAIINBL (79.5mm X /3.4mm)

Nel o Co/BNECH JGRTITTON = CURKECT INJECTORS REFER TO FIGURE NOS. 79-82
FaGolly LOUE AT 40 REV/SEL 1.5 BAK BEEP 0,9 [ .k,

DATE 8/ 2/864 TEST e 60,0 BARHMETER T5b,99 M HG wET ULB TEMP(C) 10,5
PRY BULH TeMP(C) 18,0

RELATLVL aiMIoITY = 37,02

HUMIDITY CORRECTTOMN FaClnk = JH2

GRALINS OF dATER/LY DPY ATk = 33,09

SPELD POGENR wWHEP TGt HUL VOLUME TRIL AlR FUEL Belek o H C IYES C u cue HC ¢ WuX
REV/S K AR Ny G/Zkw Ml LFFTLCIL ICY LX) HATTU % G/ZRALHR  G/ZRhn Ml G/RUk G/ Ka iR LR A itk
a4g,u w,37 1.50 17,40 1027,2 2,2( LU) 7.2¢( L0) 17.58 3.21 5,44 11,09  1385,3u LI
40,0 4,57 1,.5%v 17,40 1015,0 U ,9¢( o) T.1¢ .0) 17,79 3.82 2.12 1,47 137,61 6,94
49,0 4,37 1,5u 17,440 1y09,0 0,174 <U) 7.1 ¢( ) 17.89 4,94 1,39 9,49 155%8,072 6,53
oy, 4,37 1.50 t7.40 102l .2 25.1¢( .9) T.1¢ . 0) 17,548 6.94 62 10,74 13/5.%0 -1
0o .0 4,57 1.50 17,40 10464 Y 4 ( .0) 7.1¢ .0) 17.26 9,44 .41 12.42 13v2.0¢ 9,09
ny,0 4,37 .50 17,080 10758 Po.0¢( V) T.0( L0) 16,748 11.76 .55 15,09 14e2.2v 12,11



LFA/VH HKCC METHANOL (79,5mm X 73.4mm)

MobE.Co/NUSCH LIGHETION = CORKFLCT INJECTORS REFER TO FIGURE NOS. 79-82
FoG R, LOOP AT 40 REV/SFC 1.5 HAKR HUEP 0.8 t . K,
RURL. STRUKF HUMBER OF CYCLE BRAKE AIR METER FutL H/CARHUN
CYLINLDERY TYPE CONSTAMT CUNSTART S.6. RAV]U
79,50 13,40 4 4, 159,1%51 000000 L7950 3,97
DAY A0NTH YEAR TEST BAROME TEK wt1 guln DRY BHULH PGAER
NUMPER TEMPERATURE  TEMPERATURE CURKECTIUN
3 ? 86 61,00 T5R 39 10,00 18,00 v
1 ENGINE SFPEED (REV/S) 40,00 4D 00D 4D, 00 Ny, 00
28 IGNITION TIMING 15,00 (&.00 22,00 27,00
4 Fuet vorLumt ¢ €C ) 52,00 S2,00  S2,0u 52.00
2 BRAKD LOAD 1740 17,40 17,00 17,40
S FUFL TImME ( SEC ) 33.65 33,90 3385 31329
& FUEL TEMPERATURE ( C ) 12.00 12,00 12,00 12,00
R ALR METER TLMPERATURF ( C ) t7.00 17,00 17,00 17,00

11 INTARE MANTFOLD PRESS, (mm Hg) =427, 14=412 85386 ,93=350,4%
26 € XHAUST TetP, (POST Tukdo) $66,0 353,0 356,00 351,0
271 ExHalST pPRESZURE (POST TUREQ) B4 H.3 1.5 7.5
13 CARBON A0 0XIDE ( % ) 1353 «133 P12 LY
1S CARBOM DIOUXIDE ( X ) 11,00 11,500 31,500 11,500
16 OXYGEN (% ) q B0 N 700 4,700 a, 700
12 HYORODCARBRGAS ( PPMEC ) 1260,0 1470,0 1740,0 229%0,0
14 OXIut S OF NITROGEN C PP1 ) =175.0 =90.0 =55,0 «d4?2,.0
17 INTAKE MANTHOLD Cu2 ( % ) 020 JTHD 1,230 1,900
30 AMRIENT Cue (%) 020 0720 N gyl 020

CALURIFIC
VAL UL
19440,00

FRLICTIOY
UPTION
.

TURBUCHAKRGED
uPlTuN
[}

v iPUl
uUPi 0N
4



DATE

3/ 2/8¢

PELATIVE
HUMIDITY CORRECTION FACTOR
GRAINS OF

SPEED
REV/S

40,0
40,0
49,9
ag,. v

Powy R
LT

4,37
4,37
4,57
n,37

HUATBITY

2N
{tAR

1.50
1.50
1.590
1.50

Fefiabia

WATER/LEB DBRY AlR

Tukuwhf
Nye

17,40
17,40
17,40
17,40

EPA/ZNVE HRLC

TEST O, ol1,0

LuokP AT 40

FUFL
Gkl i

10141
106 6
100A §
1006,3

Hel e CoZBOSCH TGNITION = CORNECT

HEVZSELL Lab BAR BMbP

VOLUMETRIC
tFETICTENCY (%)

28.,2¢( .0)
el H .0)
2l ¢ o)
28,1 ¢ .0)

SULTS LISTRL
CrEYS) ARE CAL

BETHAMOL (79,5mm X T3, 4mm)

INJELCTURS

HAROMETER TSH8,359 MM HG Vi

ET

N,8 F 12,

REFER TO FIGURE NOS. 79-82

BULB TEMP(C) 10,0

I"kY HBULE TEMP(C) 18,0

AR FuUtlL
KATTIO

Kol
Ho0(
Koo
B0t

.0)
«0)
0D
0)

G/HK 32
VALA

H C WX

G/KWatth G/KnaHR
H5. 44 2.39
6.28 1,09
1.42 .66
9,71 51

(Y]
G/R N oK

| U 4
9.4
1.0V
12,00

cue
G/ R, K

1302.5s
1350,458
134dn,21
138,171

HC t uX
LG/R A, Hk

.07
7.587
s.uY
10,22



EPA/VE HRCC METHANOL (79,5mm X 73, 4mm)

M E . CaZBUSEH TGNITINON = CORKECT 1OJECTURS

REFER TO FIGURE NOS. 79-82

LG R, LUK AT 40 REV/SEC 1.5 AR gMED 0,7 t R,
ORE STROKE NUMBER (F cyCcet HiIrAKE Al HETER FutL H/CARNUr CALORIFIC TuxBUCHAKGED
CYLINOERS TYPE CONSTANT CUNSTanT 5.6, RATIOU VALUE uPlfutd
79.590 73.40 ] 4, 199.1551 LN0000 <7950 3.97 19940,90 v
DAY MONTH YL AR TE57 BAROME TE K Wt T RULB DRY BuLh POWER FRICTION uijiPul
NUMIE R TEMPERATURE  (FMPERATURE  CURKECTIUN npTiun uP Tl un
3 2 H6 62,00 758 3y 10,00 18,00 [i} 0. “

1 FNGLHE SPEED (REV/S) 40,00 40,00 40,00 40,00
2R IGNITION TIMING 22,00 26,00 31,00 36,00
4 FUFL voLumrc ( €C ) 52.00 52,00 52,00 S2.u0
2 HRARE LOAD 17.40 17.400 17,400 17.40
S FufL Timt ( SEC ) 3a,15 34,04 33,69 2,99
6 FULL TEMPERATURE ( C ) 12.00 12,00 12,00 12,00
A ALIR METER TEMPERATURE ( C ) 17,00 17.00 17,00 17,00
11 INVAKE MARLIFOLD PRESS.(mm Ha) =000 ,R2«379,01=-3514,94=-330 488
20 EXHAUST TeHP, (POST Turun) A55.0 351,00 346,40 457.0
27 EXHAUST PWFSSURE (POST THREO) 2.0 9.0 H,3 1 3
13 CARBON MONOXIDE € ¥ ) .134 . 160 L14e 15
1S CAxbON DIuxIDE € %X ) 9,900 9,900 9,900 9,800
16 OXYGEN ( % ) 7.000 6,900 7,000 7,100
12 HYDROCARRUNS ( Piuc ) 1430,0 2220,0 31%50,0 3900.0
14 OXIDES OF NITROGEN ( PPM ) 80,0 =50,0 32,0 =20,0
17 INTARFE MANIFOLD CUZ2 ( X ) 020 070 1,200 1,560
30 AMRIENT Cu2 (%) 020 Oy L0240 L 020



ERA/ZVY HRCC BLTHALIWL (79.5mm X 73 .4mm)

MoF L Co/HOSCH TGHTTION = CORMICT [HJECTURS REFER TO FIGURE NOS. 79-82

EoefiePe LOUP AT 40 REV/ZSEC 1.5 BAR HREP 0,7 E.R.

DATE 3/ 2786 TEST O, 02,0 HAKDME TER TS8, 349 M HG WET HULY (EMP(C) 10,0
Y HULes TEMP(C) 18,.U

RELATIVE hUMIDITY = 33,38

HUNMINLITY CORRECTIUN FACTOK = +A0

GRALINS OF WATER/ZLL DRY AJK = 29,84

SPEED PUOAER BME P TORWUE FUFL VOLHHETRIL AIR FUEL BaT.E, H C HOX Cu cue RC ¢ NUX
RLV/S Kot Hae i i G/ZKv HR P FFICIENCY LX) RATTU % G/KWw.Hh  G/KnoHR  G/RvoHW  L/Anatic /Ry, Hi
40,0 4,37 §.50 17,440 999 .3 31.7¢ .U) 92.2¢( W03 18,07 8,95 t.08 1,40 1330,4dy 10,03
40,0 w37 1.50 17,100 1002,2 3.u <0} 9.1 ( .0} 18,01 tu. 82 07 13,64 (325,90 11.49
49,0 4,37 1,50 17,40 1ota 31.6¢( ) 9.1 ¢( .0 17.80 15.35 LUl 16,56 13¢5,.6v 15.748

40,0 4,37 1,50 17,40 1035,7 32.2¢( o) .14 . 0) 17,45 19,41 .38 18,72 1340,%5 ° 19,79



EPA/ZVE HRCC NETHANOL

M,E.C./780SCH TGHITINN
F.L.R. LUDE AT 60 KREV
RURE STHONF
79.50 73.40
DAY MONTH

4 P4

1 ENGINE SPEFL (REV/S)
28 TGHITION TIMTHG

4 FUEL VOLBLE ( CC )

2 NRARE LOAD

S5 FUEL TIiWt ( SHC )

6 FUFL TEMPERATURE ( C
R

Al METEF TENPERATURYE

(79,5%mm X T3.,4mm)

= CORRLCI THJECTORS
/SEC 2% HAR BMEP 1.0 E K.
NUPBER OF CYCLF BRAKE Alk METER FUFL
CYL THDERS TYPI COUSTARI CONSTANT S.G.
4 4. 1591551 000000 . 71950
YrAR TEST BAROMETER WET hULH ukY bULH
HUMBER TEMPERATURE TEMPErATURE
80 63,00 763,64 13,00 21,50
60, 00 60,00 60,00 6V, 00
t7.00 12,00 21,00 24,00
205,00 203,006 203,00 203,00
29,00 29,00 29,00 29,01
62,75 6.9 Y. 3 H2 . HU
) 12,00 172,00 12,00 t2.00
« ¢ 15,00 16,00 16,00 17.00

11 INTAKE MANIFOLD PRESS,(mm Hy)=40%,33=386,%3=349 ,6b6=307 .57
26 EXHAUST TErP, (PNST TURLO) 491,0  A4Beo.0  d485.0 4150
27 FXHABST PRESSURE (POLST THRBN) Sl A 21k 211 21.1
13 CARBON MOmnOXIDE ( X ) «H 00 «H00 «S0u Su0
1S CAupOn DIuxlDt ( % ) 14,600 14,600 14,500 14,500
16 OXYGEN ( X ) 500 L5500 .500 L5500
172 HYDKOCARBGHS ( PPMC ) HSTo. 0 630,00 B70,0 1080,0
14 OXIHES OF NITROGEFH ( »iI'M ) =1200,0 =710,0 «370.0 =185,0
17 JNTAKE MANIFOLL CU2 C % ) U480 L0 1,390 2,160
30 AMHIENT U2 (%) LU30 RURYS L0330 L0530

REFER TO FIGURE NOS. 91-94

H/CARBIN
KATIU
3.917

PUNLR
CUORKECTIuN
0

CALUK]IFIC
VALUE
19940 ,00

FRICT U
UPT 0N
0.

FURRUCHARGED
uP1IUN
"]

uulrul
UP I LU
4



NDATE

4/ 2/86

RELATIVE

GRAINS NF

SPEEn
REV/S

60,0
60,0
66U, 0
60,0

PunrtER
AU

10,93
10,93
10,93
10,93

HUMIDLITY
HUALDITY CORRECTION
WATER/ZLEB DRY AlR

g P
PAR

Y]
2,50
S, h0

2,50

FRA/VI 1t1'CC HETHANOL (79.5mm X [/3,4mm)

Mot JC./718008MH

JGHITTIOH = CURKELT INJECTORS

REFER TO FIGURE NOS. 91-94

FoebolRe LAUVP AT 60 REV/SEC 2.5 HAR WmEP 1.0 &K,
TEST Ho, 63,0 BAROME TFR 763,648 1M, nG WwET BULB TEMP(C) 13,0
DRY sULe TEMP(C) 21.%
= 3%.92
FACTOR = JHE
= 39,70
IR PONER 3 0,0 PESULTS LISTED AS G/Kd=HR akRE aACTUALLY G/Hk 2
RESULTYS I (BRACKETS) CALCULATED FROM AlR METER DATA
TOROE FUugL VOLUMEIRIC AlR FugL beloko H C
WM G/ZKW il EFFICTENCY (%) RATIU )3 G/KraHK
cYL, 00 89 ? 30.9¢( «0) b.5¢( . 0) 21,20 1.60
29,00 BHA S 30,9¢ .0) 6 U0 o) 21,33 1.76
I 00 Bay kK LYY ¢ .0) 6.4 N 21,29 2.ldn
&9,00 L a] 31.1¢( L) 6,41 . 0) 21,14 3.0%

nOX

G/Ka . HR

10,65
h,28
3,29
1,65

Cu

L/Rn.HK

24,950
24,41
24,57
fH,0R

cue
G/ AN hi

114,00
1119,99
ilivd./v
11da, 4y

HC ¢ nNUX
L/KANJHK

12.24
8,03
5.73%
4,70



EPA/VY 1IHRCC

M.E.C./7BUSCH

ALTHARUL (79 ,.5mm X 73 _4mm)

TGHETION = CHORKECT LINHJECTURS

EoGoRe LONP AT 60 KEV/SFC 2.5 BAR BMEP 0.9 E.R,
HuRt STRukE HUNBER F cycLr HRAKE ATR AFTEK
cveinupgns TYPH CUNSTALY CunsTanT
79,50 73,40 4 a, 159.1551 LO000000
DAY UL T YL AR TEST HAROME TER WE T HULK
NUMBE R TENMPERATURE
4 2 86 64,00 763,64 13.00
T ENGINE SPEED (REV/S) 60,00 60,00 &0,00 60,00
2R OIGHETION FIATLG 19,00 20,00 22,00 24,00
a0 FUEL VOLOUMF ( CC ) 203,00 203,00 203,00 205,00
2 BRARE LUAD 2,00 29,00 29,00 29,00
S FUEL TiImt ( s€£C ) 61,15 65.2% 65,25 64,05
6 FULL TEMPERATURE ( L ) 12,00 12.00 12,00 12,00
R AIR METER TEMPFRATURE C C ) 15,00 16,00 17.0v 17,00
11 TabAKE MANTFOLD PRESS. (mm Ha) =387 .,28=369,23=58434_64=290.27
26 ELXNAUST TENMP, (POST Tukse) a479.0  ABO,0 475,00 N6k, 0
27 EXHAUST PRESSUKRE (PUST TURKG) 2.6 2.t 22.b6 21,8
13 CARBON MOROXIRE ( % ) . 155 100 . 150 o154
15 CARBOMN DIUXIDE ¢ X ) 13,200 13,200 13,200 13,200
16 OXYGEMN ( %) 2.500  2.500 2,500 2,%00
12 HYDROCARBUNS ( PPMC ) S570,0 720,00 960,00 13%6.,0
14 OXIULES UF HEITROGER ( PPH ) =1150,0 =626,0 =3100,0 ~160,0
17 INTAKE MANTHOLD Cue2 ¢ %) 030 JH00 1,190 1,8%
30 AMBICHT CO2 (%) L0030 .30 030 L0030

FukL
S.h,
L7950

DRY pULH
TEMPERATURE
21,50

REFER TO FIGURE NOS., 91-94

H/CARBUN
Kallu
3.97

Puwnt R
CUKKEC TN
]

LALDBRIFIC
VALULE
19940,00

FeICTLON
UPTLIuN
V.

TuisUCHARGLED

urPljua
v

vuiPuUl
uPlfun
4



FPA/VH HRCC tik THALOL (79,5mm X 73,4wvm)

MeFoCo/BNSCH ILNTTIUN = CORKECT InJECTOKS REFER TO FIGURE NOS. 91-94
FoGutty LUUP AT b0 REV/SEC 2.5 DAR BMEP 0,9 E.H,

DATE  u/ 2786 TEST 40, 04,0 RAKOFFIFK Th3,60 MM HG WeT bull TEMP(C) 13,0

DY HULH TEMP(C) 21,5
RELATIVE muMILTTY =
HUNIRITY CORRECTION FACTOK = +85

GRATMS UF WATER/LL DRY AR 39.70
: IF POWER 0.0 RESULTS LISTED AS G/Kw=HR ARE ACTUALLY G/HK 3
RESUHLTS 110 (BI'ACKREES) ARt CALCULATED FRUM AIKR METER DATA

SPLED POdafn [l TuRRHE Fugy yOLUMEIRIC AlR FUEL BeloE H C NUOX [ cue HC ¢+ NuX
REV/ZS Kt 1Ak [T G/ZKw MKk b RFICIEDCY (L) RATjU % G/RWeHK  G/ZRW IR G/RJA K L/RW I B/ K8 Hi
60,0 10,93 2.50 29,00 Byp,7? 38,7t ) 7.2¢ .0) 21.738 1.77 10,99 B.4v  1123,31 12,76
600 1h,93% LN 29,00 Hle,7 33.1¢( o0) T.2( .0) 22.11 .19 5.2 8,72 1ilve, 4o [T}
60,0 10,93 P50 e, u0 Hio6,7 33.2¢( L) 7.2¢( V) 22.11 é.92 3.1% 7.97 11v).od 6,1V

b, 0 10,93 2,50 e un Hen, e 38,.4¢ o) 7o ¢ L0) 2190 4,13 1,51 7.58 11v9,.n4 5,04



EPA/ZVi HRCC METHANOL (79.,5mm X 75.4mm)
M E Co/BOSCH JGHITIUN = CORPECT INJFCTORS

E.G.Ra. LOUP AT 60 KEV/SEC 2.5 HAKR UMEP. 0.8 ¢ . K,

HURE STrOrE Nutb e of cyci I WRAKE
CYL INDI KRS TYPE CUNSTANI
79.50 713.40 4 0n, 159, 1551
DAY MONTH YEAR THST RAROME TEK i
HUMBER TeM
4 2 A6 65,00 763,64
1 ENGLUE SPLED (REV/S) 60,00 60,00 60,00 60,00
28 IGHLITION VIMING 20,00 22,00 24,00 P26, 00
4 FUrL voLumeE ( cC ) 203,00 203,00 203 00 203,00
? GRAKF LUAD 29,00 29,04 29,00 29.00
S FUCL TIAL ¢ StC ) 66,50 6HE,LS  66H,TH 66,10
6 FUEL TtMPERATURE ( C ) 12,00 12,00 12,00 12.00
8 AIR BETER TEMPERATURE ( € ) 16,00 17,00 17,00 16,00
11 IHTAKE MANTFOLD PRESS. (mm ) =365,22=33%4,6U=296,29-255,0H
26 FXHAUST Tene, (POST Tulkiie) Qo9,0 463,0 461,00 450,0
27 EXHAUST PRFSSURE (POSIE Tukpn) SdLH P R J4,1 2.1
13 CARNON MONOXTIVE % ) L1440 126 L12h . 145
15 CARKNDN DIOXIDL ( % ) 11,500 11,500 11,500 11,500
16 UXYGEN ( X ) 4,700 4,700 4,760 4,790
12 HYDROCARBOMS ( PPMC ) FHOL.N 1350,0 15300 1RO
14 OXJubS OF NITROGRENG ( PPH ) «HH0,0 =220 =14%,0 «90,0
17 IHTAKE MARNIFOLD CU2 ( % ) 030 600 1,180 1,680
30 AMBLIEMT CU2 (%) .030 L0350 L 030 . 030

REFER

AlR MF1ER
constanl
000000

ET HULH
PERATURE
13.00

TO FIGURE

FutL
5.6,

o 79450

DRY wULB
TEMPERATURE
21.50

NOS. 91-94

H/CARLUN
wallu
3.97

PUNER
CUSRKECT 1in
0

CALUKIFIC
VALUE
19940 ,00

FRICTLUY
uUPTIuUN
0.

TURBUCHARGED
uP11UuN
1]

vulprul
uP | Ty
9



DATE

47 2786

PELATIVE

hUunIul Ty
HUMIPITY CORRECTION FACTOK

GRALILS OF WATER/LH

SPEED
REV/S

60,0
60,0
60,40
60,0

PudLR
KA

10,93
10,93
10,93
10,93

RME
HAR

250
2.0
2,90

2,50

FPA/Ve: HR

Mot aCW/nISLH

cr.

BEYHAROL

KREVZSEC 2.5 BAR pmpeP

Wiakomb TEHR

CofiaRy LD AY 60
TEST 0, vh,0
= 34,92
= ALY
bty ATR = 39,70
t TF POKER = 0,0
HESULTS 11 (o
TORWUE, FUFL
[ ] (/K% ni
2Y .00 Antg.3
29,00 794.5
29,00 798, %
29,00 HOb, o

ESULTS
CARFIS)

(79,.9nm

X 73.4mm)

IGUITIOY = CuRKECT

163,040

VOLUBIE E T
EFFICTEACY(R)

36,.6(
36.60(
36,4
30.,5(

.0)
L)
o)
<U)

1JECTORS

Mid o Wi

REFER TO FIGURE NOS. 91-94

NN ELR,

wb 1 Bulw

DY BUL
L/RU=HR ARE cluaLLy

LATED FRUM ALK METER
AlR FUEL BeloFo
RATIO %

8,1( .0) 22.5%5%
Hal( .0) 22.58
Ho0( o (1) 22,62
Ao0( .0) 22,40

TENP(C) 13,0
1EMP (L) 21.5

h C
G/KW G HR

5.28
4,59
S5.18
6.34

U X
G/7Kn o HR

S.74
2.30
] ,40

.92

L v
G/Rrgrir

H,30
T.479
7,99
b,.nd

cul
G/ A HR

10448 ,94
10/id, 22
10/u, 7
[N

HC ¢ NUX
L/KAGHK

9.02
6,89
)
1.26



EPA/vie HREC METHANUL (79,5mm X 73,4mm)

M ELCo/ZRUSCH TOHRITION = CORPECT ILJECTORS REFER TO FIGURE NOS. 91-94

E.GoH, LOOP AT 60 REV/SLC 2.5 BAR BHEP 0,7 LK,

HURL STRUKE rMUMSER UF cycet viPnkE AR METER Fut L H/CARBIUN CALOKIFIC JURBUCHARGED
CYLINDEKS 1YPE CONSTANT COMSTAUT S,0. KATlU VALUE DA NETN]
79.5¢0 73,40 4q a, 159,1551 L000000 L1950 3.97 19940, 00 7}
DAY’ MONTH YeAR TEST HAROME TR mE T BULY DRY HULbL PUNLER FRICTLION vuirul
tNUMBER TEMPERATUKE  TEMPERATURE  CURKECTION JPTION uP i luN
n 2 L18 66,00 763,64 13.00 21,90 0 [N 4
1 ENGINE SPIPECD (RFV/S) b, 00 . 6O 00 60,00 6L,00
2R 1LHITION TIMING 2,00 28,00 32,00 30,00
4 FUukL VOLUME ( CC ) 203,00 203,00 203,00 203,00
2 NHAKE LOAD 29,00 29,00 29,00 29,00
5 FUFL TIME ( SEC ) 6l.0% 67.55 67,49 66,55
6 FUEL TEMPLRATURE € C ) 12.00 12.00 12.00 12,00
B AIR METER TEYPERATURE ( C ) 16,00 17.00 17.00 Jo,uu
11 INTAKE MARIFOLD PRESS,(mm hg)=325.62=293,28=253,U42=2729,36
26 £ XHAUST Tenbk, (POST TulkuD) 456,00 dar, 0 439,09 433,40
27 EXHAUST PRESSURE (©UST TURIL) PRLb 2.0 27.48 7.1
13 CARBON MOMBXTIDE ( % ) o121 L1130 <175 192
15 CARBOH DIUXIDE ( 2 ) 9,900 9,700 9,800 O 500
16 UXYGEMN ( %) 7.000 7,000 7,100 7,100
12 HYDROCARRBUNS ( PPMC ) 1H500,0 1920 ,0 2680,0 2940,0
14 UXTOFS UF NITROGEN ¢ Pi'm ) “fda,0 =AC 0 =%H, 4  =54,0
17 INTARE MARIFUOLD Cu2 ( %X ) <030 H70 JPT0 1,350

30 AMHIENT €02 (%) «U30 «P3n L0309 L0350



FPAZVu HIPCC

HoF €. /7unSCH

Fefiehe LHUP
DATL a7 2786 TEST My, 6h 0
BELATIVE hualblry = 3H.42
HUBIDITY CORRECTITUN FACTur = )
GRATNS OF waATER/Lb DI'Y ATR = 39,70
¢ JF PUAR
KESULTS
N [V TN ([ TuRLE FUEL
S L¥% AR ok G/RI HR
190,93 P 1] 29,00 194 .7
10.93 2.50 29,00 THA 9
11,93 ) 29, 00 790 6
10.95 PLH0 29,00 noo 7

HETHAMOL

IGHIT IO

AT 60 REV/SEC

BAPDME TER

2.5 AR BMLE

- CORKELT

{hi,bd

VOLUMETRIC
FFFICTILHCY (%)

a1,7¢
n.s(
a1.3¢(
a3.5¢

«0)
)
«0)
.0)

(79,5mm x 73,amm)

INJECTURS

REFER TO FIGURE NOS. 91-94

0.7 F.H,
M, HG wb T ULy TFEMP(C) 13,0
DRY BubLs TEMP(C) 21.5
AS G/K4=HR ARE ACTUALLY G/HKR @
CULATED FRUM AIR WMETER Dala
AIR FUEL B.T.E. n C NUX cCu cue
RATIO 3 G/KWHK  G/Kn HK  G/RuHR  G/Aehin
9.3 . 1) e, 12 S.806 1,60 8,27 1uv62.95
9.2( . 0) 22 .89 7,40 .90 9.51  ludy,0u
9,2( o) 22 .84 1v.19 «65 11,02 lus?,.nu
2.2¢( <0) 22.5% 11.44 .61 13,07 1v43,217

HC + NuX
L/KAGHK

T.u4b
8.31
10,065
12.06



Rukt STRNKE NUMHEKR UF cyoer BIPAKE Al METER

CYLINDERS TYPE COMSTANL . cunsTanl

79.50 73,00 ) 4, 159.1551 000000
DAY HonTH YEAR TeST HAROME T ke e T owuLs

M A TEMPL KA TUKE

S 2 Ho 67,00 760,71 12,00

1 FNGIHF SPEED (REV/S) GO,00 60,00 AD,00 60,00 60,00
28 [6niTIoN TIMING 16,00 16,00 17,00 1h, 00 19,00
4 Fust vorunde ( €C ) AU3,00 205,00 Pud, 00 208,00 203,00
2 HRARE LOAD 63,80 63,H0 b3, M0 K3 HO b3 HO
5 FUFL TIat ( 3kC ) 39,95 40,10 40,45 40,45 40,35
6 FUEL TEMPERATURE ( C ) 12,00 12,00 12,00 12,00 12,00
BOALE METER TEMPERATHRE ( € ) 16,00 16,00 16,00 16,00 16,00
11 INTAKE MAUTFOLD PRESS,(mm Hg)=222,59=211.51=185,T4=1%4,16=1206,34
26 EXHAUST TLMP, (POST Tukun) 577.0 S7T0,0 Skb,0 S61,.0 HH6,0
27 £ xHAUST PRESSURE (PuS] 1URKY) ne,9 H6,0 46,0 45,1 a4, 4
13 CAFBUN MONODXIUVE ( %) 00 LE00 500 <500 .H00
19 CARBON DIUXIDE ( % ) 14,9500 10,600 14,600 10,600 14,600
1o OXYGEN ( % ) OO0 Lhun 500 U <Y
12 HYDROCARLONS ( PPRC ) 720.0 750,00 840,0 960,00 10°0,0
14 NXJPLS 0F HITROGEN ( PR ) 2000, 0=1800,0=1050,0 =720,0 =60U0,0
17 IWTAKE MANTFOLD cire ( X ) L0000 R EY) JH30 1,200 1,490
30 AMPIENT Cu2 (R) NLET] L UnN LUan o Jud0

EPA/ZVE HRCC MITHANOL (79,5%mm X 73 _.4mm)
MoE.Ca/NUSCH TUNITION = CORRECT [HJECTORS REFER TO

€.6.R, LUOP AT 60 REV/SEC 5.5 BaR BMEP 1,0 E.K.

FIGURE NOS., 95-98

tUEL
S.G.
L7950

DivY BULK
TEMPERA | URE
23.5¢0

H/CARBUN
kallu
3.97

PunEwr
CURKECT10n
U

CALuURIFIC
vaLin
19940,00

FRICTIUN
OPTLIUN
V.

TuknsuCArLED
uPllux
v

utllPul
uPlJud
M



FRAZVYy. HRUC RETHANGE (T9,5%mm X 73,0mn)

Mot aCo/BNBLH 1GHTIHION = CORIG LT [NIECTURS REFER TO FIGURE NOS. 95-98 .
EofieRe LHUP AT 69 EEV/SEL 5.5 hAll BMEP 1.0 .10,

DATF &7 27806 TEST KO, 67,0 BARQHETER 760,71 am i wET HuLb 1EMP(C) 12,0
DRY HuLb Te«dP (L) 23.5

PELATIVE HUMAIDTTY = 21.60

HURIRLITY CORPECIIUNM FACTINK = .78

GHALINS OF WATER/LE DRY AIk = 26,98

: Ik POw :
kfsuL
SPEED POnER P Tuk gt FUEL VOLUME TRIC AR FUEL Beloba n C nux [ WY cul G ¢ UK
Re.V/S hw (LAE [T G/Ktn b0 FFFICTIEAICY (%) AT LU 3 G/KN HR G/ RN G/KAJIR G/RALHK G/ e riC
60,0 24,045 5.50 63,80 606, 3 a8 .9 o) 0.,5¢ «0) 29,78 1.45 11,74 17.5v Kul.49 13.19
6V, 0 2u.00 5.50 L3, 80 oun, 0 nn 7 ( .0) 6a4( «0) 29.89 1,49 RolS 17,41 198,54 Y.04
60,y 24,05 n,50 63,60 HYH R a8, 2¢ b (X .0) 3u,15 .66 6,09 17.24 7yt.10 7.71
60,0 24,0 5.50 63,80 S9H A an 1 o) 6,4( o 0) 50,15 1,89 0,18 17,23 190,54 o, 04

60,0 24,05 Heh 63 B0 00y, 3 q8,2¢( LU} 6,1( L) 36,048 2. U1 3,46 17,27 v 19 5,48



EPA/VE HRCC ™Mb THANOL (79.%am X 73 ,dmm)

M ELC/RUSCH TLMITION = COREECT [HJFCTORS
REFER TO FIGURE NOS. 95-98

L.G.R, LODE AT 60 REV/SEC S.5 BAR prEP 0,9 K,

BURE SThuxt rHupstw 0OF CYCLf BHAKE Al METER FUkL H/CARbLUN CALUKIFIC TURBUCHARGLED
) CYLIMOERS TYPE CONSGTAMNT COMSTANT S.6. KATLO VALYUIE ub il fud
79.50 73,40 4 u, 159.154%1 L000000 1950 3,97 19943.00 v
DAY MONTH YLAR TEST BAKOIMF TER WET HULG URY HULR PUNLK FRICT1UN uyuiPul
NUFRE R TEMPERATURE  TEMIPEKATURE  CURRECTIuUN OPT1UN UP T Lun
5 2 806 o, 00 760,71 12,00 23.50 0 U, 4
1 ENGINE SPEFED (REV/S) 60,00 60,00 60,00 60,00 60,00
2R TGHITION TIMING 18,00 18 00 19 00 2u.00 20,00
4 FUtL voeLus ¢ €C ) 203,00 203,00 203,00 205,00 203,00
2 WRARE L.UAD Q3. P00 63,80 65 M0 65,80 63 KO
5 FUFL TImE ( SEC ) A1 ,4% 41,40 41,55 41,45 41,10
6 FUtL TEMPERATURE € C ) 12,00 12,00 12,00 12,00 12,00
BOALP PETER TEMPERATURE C C ) 1,00 15,00 16,00 16,00 16,00
t1 INTARE MANTFOLD PRESS.(mMm ) =l006,05=182,74=-151 ,90=124,R3 =97 .76
26 [XHAUST TeMP, (POST TURDBY) 565,0 S535,0 S51,0 S4k,0 Su4s,0
2T [ XHAUST PRESSURE (POST TUKGUL) 4,1 T a8 .1 0y hn ul. 4
13 CARBON MONOXTDE ¢ % ) .126 i K] <150 150 L 150
15 CAUFNON oTuxInt ( % ) 14,200 13,200 13,100 13,100 135,100
16 OXYGEN ( £ ) SO0 2L h0G 2,500 2,500 2,500
12 HYDRNCARBONS ( BPMC ) S57T0.0 630,00 660,0 750,060 HIU,0
19 OXILFES OF HITROGEN ( PPr) «1KS50,0=1350,0=1000,0 =Fou,.0 «75%0,0
17 INTAKE MAULFNLD CU2 ( %) LUl Ay JA60 1,020 1,210

30 AMBIELT Cue (%) LU0 .N20 L0280 « 020 .020



DATE

S/ 2/86

RELAT{VE
HUCSIDITY CORRECTIUN FACTOR
GRALNS OF

SPEtD
PEV/S

60,0
60,0
60.0
bu. b
60,6

[HVATAN
L%\

24,405
21,05
24 05
SU, U5
24,05

U4t TY

Mg P
AR

S.H0
5,50
49,50
5,50
5.50

Crr/vn HCC
Mot o C, /50N

babioRRy

WATEN /LY DY ATR

LOGP AT 60

TEST N, 6RO
= ?21.60
= o 1K
= 26,98
T 1IF Pongr = 0,0
RESULTS It (I
Tuklulit FUEL
14 ol G/EW HR
63,480 S84, 4
L3, 60 515 .1
63,80 5H2 .9
63,80 Y8d 4
63 ko 589,13

HE THANOL

T1GMITION = CuRKELT

In

REV/SLEC S HAaR

BARODMETER

1o

0.71

VOLUME TRLC
FEFLICIEILY(X)

52.2¢
524
S52.0¢(
52,41(
he .9 (

.0)
.0)
.0)
o)
U}

sim

(79,50 x 73, 4mm)

JECTURS

HMEP 0,9 koK,

NG wt T
bRY
G/Kw=HR ARE
L;féﬁ.ﬁnaé'a
AlR KL
RATIU
7.2¢( . 0)
1.2( o)
7.4( o0)
7,2¢( i)
T.2¢( o)

REFER TO FIGURE NOS. 95-98

HuLs TEMP(C) 12,.u
hule TEMPLEC) 23.5

CluaLLY G/HKR 3
HMETENR UATA
BeToE h C

% G/nveniRk
30,90 1,24
3u . Ro 1.37
30,97 1,44
3.9 .64
30,63 1,79

X
G/Kn.nR

11,51
)
6,23
5,37
4,72

cCu
G/ K. ik

4,81
9,54
S.74
S. 75
S.Hu

cue
G/Rn, R

191,98
191,75
Tad 09
Tov, 4y
195,11

HC ¢ wuX
b/ rin

12.7%
9,717
7.01
7,03
n,5%1



EPA/Zvil HRCC METHANOL (79,.5mm X 73,.4mm)
M E.C/7G0SCH TGNITION = CORRECT INHJECTOLRS

E.G.R, LUOP AT 60 REV/SFC 5.5 bBAR UMEP 0,8 kR,

REFER TO FIGURE NOS. 95-98

RuRt STkt HUMBLER OF CYCLE siAKE

: CYLLILDERS TYP'F CURSTALT
79.5%0 T3.49 4 4, 159.,1551

DAY NONTH YEAR TeSsT BARNMME TER

HUMPER
S 2 Hb 69,00 T00,71)

1 EQGINE SPEFR (REV/S) b L0000 60,00 60,00 HYLOHD
28 IGHETION TIMING 19,00 1Y, 00 20,00 21,00
4 FUtLL voLumgE ( CC ) 203,00 203,00 203,00 203,00
2 HBRAKE LOAD 635.P0 63,80 63,80 63,80
S FUFL TIMF ( SEC ) 2,35 42,55 42,50 42,40
6 FULL TEMPERATURE ( C ) 12,00 12,00 12.00 12,00
A AIR HMETER TEMPFRATUKRE ( C ) 15,00 16,00 16,00 16,00
11 INTAKE MANIFOLD PRESS . (mmetil) =1069,95=1481 ,30=106,78 =79,.71
26 EXHAUST Tetik, (PUST Turnpe) D32.0 532,80 H26,0 S17.0
27 EXHAUST PRESSURE (PUST TUkbU) 53,4 S52.h %2.6 S1.v
13 CARBON MWD XTOF % ) .130 «131 128 126
1S CARMON DIDXIDE C %) 11,600 11,600 11,600 11.%00
16 OXYGEN ( X ) 4,700 4 700 4,700 4,700
12 HYDROCARRONS ( PI'MC ) 90,0 240,090 930,00 10800
14 OXTOFS OF HITKOGEFN ( PPM ) ~tO00,0 =600,0 =6(40,0 =290,0
17 INTAKE HANIFOLD Cu2 ( X ) L0350 JUHY +OR0 JEB0
30 AMBICHLT Cu2 (%) 030 <030 +U30 L0350

)

TEMPERATURE  TEMPEKATURE

H/CArbON
RATIO
3.917

POWER
CURRELCT 1N
0

CALUNIFEC
VAL UE
19940, 00

FRICIiuUN
OPTiun
0.

HIRKUCHARGE L
ublfun
v

wuTPLI
UPT Tun
4



FrA/vi MRCEC METHAHOL (7Y.5mm X 73%,4mm)

Mol o Co/bNSCH TGNTITIUN = CURKECT INJECTUKS REFER TO FIGURE NOS. 95-98

FoGolle LOOP AT 60 RENV/SLE SoY% HAR KMEP 0.8 ¢ 1

NPATE &7 2/86 TLST nn, 69,0 HAKOMETIR 760,71 mM HG wET fluLb 1EMP(C) 12,0

DRY hubb TEMP(C) 23.5
RELATLIVE uumivIdy =
HUMATDITY CORRECTIUN FACTOK = JTH

GRALNS OF WATER/Ly ubY Alk 2o ,78
:IF POWwER = 0,0 SULTS LISTED AS G/KA=HK akE ACTUALLY G/HKk 3
RESULTS IN (WRACKETS) ARL CALCULATED FrUM AIR METEHR DATA
SPEER o R e P TURGUE FUEL vOLtME (R1¢C AIR FUEL Beloto " C fagrX C cu2 HC *+ NUX
PEV/S it fLan WM G/ZKW P EFFICTIENCYLY) wATIU 3 G/RWoHK  G/Ra HR  G/RB MR LZRB IR G/KA AR
60,0 24,05 4,50 03, b0 $11,9 S7.6¢( JU) 8,1 +0) 31,97 1.82 6,73 5,91 112,25 B,%4
60,0 24,05 H.00 hi HO 569,° L7.4¢( .0) H,1¢( L0) 31,72 2.02 A,01 5.64  TJol,11 S bl
60,0 24,05 5.50 bl KO SH9 .49 57.5¢ <) .10 SU) 31,68 L) 2,95 S.40 lob, 40 5.19
60,0 24,05 5,50 63,00 571,3% S7.6¢( ) &1 ( <0) 31.00 .65 1.46 9,50 lo1, 52 4,59



EPA/vd HRCC METHANOL (79,5mm X 73,4mm)

Mot o Ce 7NNSCH JOHITIDNG = CORBFCT JTLIELTURS REFER TO FIGURE NOS. 95-98

FobGoRe LUOP AT 60 RIV/SEL 5.5 BAR HMEP 0,7 E,R,

BOKE STIROKE MUMBER OF CYCLF At AlR METER Fut L H/CAKBUN CALOKRIFIC TURNUCHAKRGE D
. CYLLDDE KS T1YPE CONSTAMT CONSTAL S.6, HATI1U VALUE - Ul LU
79.50 713,40 4 a. 159.1551 LN00000 . 7350 3.97 {Y940.00 u
DAY tOITH YLAR TesT HWAROMETE KR WET HULK LY puULY PUWEH FRICT O ulitPrul
- WUMIER TEMPERATUKE  TEMPERATURE  CURKECTLUN P T [UiN UPI1UN
5 P4 86 69,00 760,71 12,00 25,50 [0} 0, 4

1 FHGLINE SPLED (REV/S) 60,00 60,00
2R IGHITINN TIMING 200 25,00
4 FUEL VOLaE ( €C ) 203,00 203,00
e PrAKE LUAD 03, h0 63,80
S FUEL TIME € SEC ) 42.75 42.40
6 Futl TEMPERATURE ( C ) 12.00 12.00
H ALK "METER TPHPLCRATURE ( € ) 15.00 17,00
11 INTAKE MANTEOLD PEESS, (i liga)=11.20 =R, 72
206 EXHAUST TEMP, (PUST Tuwun) S04, [0t.0
27 EXHAUST PRESSURE (POST TURIW) 6l.7 6t ,9
13 CAPBHON MONOXTIDE ( % ) .121 L1277
16 CAFBON DTUXIDE ( X ) Y00 9 MO0
16 OXYGEN € % ) 7,040 7,000
12 HYDRUOCARHONS ( PPMC ) 1230.0 134C,0
14 OXJOES UF N1TROGEN ( P ) =300,0 =220.0
17 INVAKE MAWTROLD COP % ) L0304 . 530

30 AMIOIENT Cu2 (%) 030 .03



FPA/VW HRCC NETHANOBL (TY.%9mm X T4, 4mm)
MOF L Co/8NSCH IGNTHINN = CORKRFC) INJECTUKRS REFER TO FIGURE NOS. 95-98
F.CoP. LOUP AT 60 PEV/SEL 5.5 LAk SMEP 0.7 F R

DATE S/ 2786 TL.ST O, 69,0 BARORMETER 760,71 MM HG vET BULB TEMP(C) 1240

DRY RuUly TEMP(C) ¢23.5
RELATIVE HUMIDITY

HUMIDITY CORRECITIUN FACTOK

unn
.
-~
=

GRAINS UF WATER/I b DRY ALk 2bL.9R
tOIF POAER = 0,0 RESILTS LISTED AS G/KW=HKR ARE aCTOALLY G/Hk 3
RESULTS 81 (BEACKETS) At CALCULATED FRUM AIR MEITFR DATA
SPEED PUWp R pHLe Tululig FufL VOLUMFTRIC AR FOEL BeT.E. C HOX cCu cud
HEV/S [NH AN N G/Kv HH EFFTCIEHCY (%) waTlu )3 G/RW HE  G/RAHK  G/Red i G/KN R
60,0 24,05 5.50 63, K0 9666 65,06 ( L0) 9.3¢( W0) 31,80 3.43% 2.26 5,71 759,82
60.u 24,09 L] 63,80 565,9 0b.1( <) 9,3¢( o) 31,9 $.88 1,67 6,24 157,10

HC ¢ Nux

G/K N, rtic

S.70

5.

5%



CPA/VA HRCC

M ELCo/BUSCH TGNTITION « COPRECT

Faliok,

DATE &/ 2/86 TeSF wo, 7
RELATIVE HUMIOLTTY .
HUMIDITY CORRLCITON FACTOR
GRAINS UF WATER/Lo DRY AIK
¢ 1IF FUu
TTTRE S
SPELD [INETRN [ p TOrUUL
nEv/S hw nan oM
60,0 30,01 7,00 81,20
60,0 Jo.01 7.00 Al.c0
60,0 30.01 7.00 Hi1,20

—

FUEL

G/Kr  Rid

967,.7
S63,2
S62,.6

HARNMEFTER 760,71

VOLUMETR]C
EFFICLHE VLY (%)

57.9¢(
57.2¢(
S7.4¢

.0)
<)
«0)

METHAGOL (7Y9.,95mn A T3,4mm)

INJECTOKS

MM HG

LOUP AT 60 REV/ZSEC 7,0 HAR BMEP

¥
1

AIR FUEL
wRaflu

6.9¢(
6.5(
G A

ET
KY

«0)
00)
o)

buL b
BuL.y

1.0 koK,

31,h0
32,00
32,09

1EMP(C)
TEMP(C)

REFER TO FIGURE NOS. 99-102

14.0
1v.5

Hn C
G/nW HK

1.24
1.34
1.51

MU X
G/Kni,hR

13.05
7.89
0,97

c o cue HC ¢+ Nux
U/RIig R L/AN G G/ R Y HK
1Y,.64 745,79 14,29
ly.d0 134,01 Y.235
16,31 Tus, 54 [



EFA/ZV HMRCC METHANOL (79.5mm X 73, d4mm)

Mot Co/Z7nuSeH IGHITION = CORPECT [IIFCTORS REFER TO FIGURE NOS. 99-102
E.G.R. LOOP AT A0 KREV/ZSFC 7.0 BAR BPEP 1.0 € .R.
BORE STHOKE Ut R OF cycLt BIAKL AIR ALTENXR FUEL H/CAKBON
CYLEDERS TYPL COMNSTAN CONSTANY S.6, KAT]U
79.5%0 13,40 4 o, 159,155 000000 « 1950 3.97
DAY i TH YEAR TEST HARNME TENR WET UL URY BULK PUNEK
nUMEE R FEMPERATURE  TEMPERATUKE  CORKECTION
6 2 8o 11,00 Ta0,71 14,00 19,50 1]
1 EnGItE SPEFD (REV/S) 60,00 60,00 60,00
2R IGEITION TINING 16,00 6,00 17,00
4 FUEL voulme ¢ cC ) 304,00 304,00 304,00
2 DKARF LuAD K1,20 #H1.20 8t,20
S FUEL TIMF ( SLC ) H L5 HO.hS SO Tv
o FULL TEMPERATURE ( C ) 11,00 11.00 11,00
A AIR METER TEMPERATURE ( C ) 14,00 13,00 15,00

11 INTARE MANTFOLD PKESS.(mm.HQ)=151.90=-131,60 =92,50
26 £XHAUST TempP, (POST THieG) H92.0 HEB6,0  S8Z2,.0
27 EXHAUST PRESSURE (POST TUkBO) 63,9 60,9 60,9
13 CARBON MONOXIDE ( % ) LH00 600 L9500
15 CARBONL DIUXIDE C % ) 14,500 14,500 14,500
16 OXYGEN ( % ) I JH00 « 500
12 HYORODCARBONS ( PP ) on0, 0 770,00 H10.0
14 OxJut s OF NITPOGEN PPN ) =2050,0=1250,0=1100D,0
17 INTAKE MANLFOLD CoP ( %) it LAYMN) BZY
30 AMIIENT €2 (%) 000 . 020 020

CALOKRIFIC
YALUE
19940 ,90

FRICTIUN
uPtlon
.

TURHUCHARGED
Pl lun
1}

uv Pl
uP I lunN
4



EFA/VW HHCC MLTHANOL (79,5%mnmm

X 75.4mn)

REFER TO FIGURE NOS., 99-102

0.9 L.R.

M,E.C./BUSCH JLHITIOH =« CORPFCT [NJECTURS

ELGoN, LUOR AT 60 REV/SFC 7,0 paR phgP

RURL STROWE NUMBE R UF CYCLE

CYLINDERS TYPE

79,50 73,40 [} a,

DAY MONTH YEAR TEST

NUMBER
6 2 86 72.00

1 ENGINE SPEED (REV/S) 60,00 60,00
28 IGHLITION TIMING 1e,00 16,00
¢ FUFL VOLUME ( ©C ) 30,00 304,00
2 URAKRE LUAD H1.,20 81,20
5 FutbL TIMEL ( SEC ) 52,05 52,50
6 FUEL TEMPERATURE ( C ) 11,00 11,00
R AIR PETER TEMPOCRATUKRE C C ) 153,00 14,00
11 INTAKE MANIFOLD PRESS.(mm.Ha)=121 .02 «91.74
26 EXHAUST TenP, (POST TURHLO) Dhy,0  574.0
27 FXHAUST PRESSUKRE (POST TUKRRD) [ X
13 CARBON NONNXIDE ( % ) 108 .130
1S CARBNON DTOXIDE € X ) 13,200 13,0200
16 OXYGEN ( X ) a0 2,000
12 MYDROCAKRUNS ( PPMC ) S40,0 ST0.0
14 OXIDES OF NITROGEN ( #DPM ) «1900,0=~1000,0
17 INTAKE MANTHOLD €CU2 ( X ) U3 ALY
30 AMBIENT CUZ2 (%) ~030 L0340

BIrAKE AlR MEVER FutL H/CARBON
COLsSTAYT CoNsTANL $,6. RAT LU
159,.15%1 000000 L1950 3.917

HARKOME TER we T RULDL DY plLp PlUnER
TEMPERATURE  VEMPERATURE  CUPRECT It
To0,71 14,00 19.50 [1]

CALOKIFIC

VALUE
19940,00

FRICTLOW
OPTION
U,

TURRUCHAKLED
CuPllud
U

ouirul
uPTlux
4



FPAZVR HECC METHANOL (79,.5mm X 73.4mm)

Mol oCo/nNSCH TGUITION = CURKECT INJECTOKRS REFER TO FIGURE NOS. 99-102

FoligRe LOUP AT 60 REV/SEC 7,0 LAR BMEP 0,9 E.k,

DATE &/ 2/R6 TEST wh, 72,0 HARLMETER ThA0.71 MM HG AET BULb 1EMP(C) 14,0
DRY bULY TEMP(L) 19.5

RELATLIVE HUMLIDIY = 54,13

HUMIDLITY CORRECTITON FACIOR = <91

GRAINS UF wATER/LH LURY ATK = $3.26

S IF POWER = 0,0 RESOILTS LISTED AS GL/KW=MR ARt aLTLALLY G/HK @
RESULTS I (HRACKETS) ARL CALCULATED FRUM ATR METER DATA

SPEED PUYMER rMep TURLLE FUFL VilL UM TRIC AlR FUEL belobe n C NOX S Cu cul
REV/S AV AR oM G/ZKW HE  FFRICTEICY(X) HATIO 3 G/RNLHR  B/KN.HR  G/Ra K L/Bn iR
60,0 Ju.61 7.00 Ri.20 543%.,9 hl.7¢( .0) 7.2¢ .0) 33.20 1.10 12.82 3.84 738,21

60,0 30,61 7.00 81,20 543%,3 61.7¢( o) 7.2¢( .0) 53,25 1.106 9,4¢ 4,01 156,19

HC + lUX
G/RAN,HK

13,92
10,58



EPA/VE HRCC METHANOL (79,.%mm X 73,4mm)
HoE.CoZENSCH JTGHITION = CORKECT IRJLCTONRS

MAPPING AT 20 REV/ZSIC E.0,1. 330 ATUCF

WOKE STRORE fUMhE R OF cYeLf HEAKE AR WMETE

REFER TO FIGURE NOS, 104-109

[ Fup L H/CARNu

CYLINDERS Tyrt CUNSTANT CONSTANT S.6. nalju

79.%0 7%.40 q a, 159,1551 L000000 . 79850 $.,917

- DAY NONTH YEAR THUT BARUDME TER wET BULK DRY dlll i Puat i

- UM R TEMPERATURE  TEMPERAIURE  CURRECT)un
13 2 T 73 .00 Tbb,49 2,00 16.50 0

1 FHGIMF SPEEL (REV/S) 20,00 20, 08 2¢,00 20,00 20,00 20,00 20.,vv 20,00 24,00
er IGNITION TIMING 23,00 23 _ 00 23,00 22,00 19,50 16,00 13,00 G.50 LYY
4 FUutlL VOLUMFE ( CC ) 52,000 52,00 52,00 $2.00 52,00 %H2,00 102,50 102,50 102,50
2 MRARE LOAD 9.590 11,70 23,00 35,%0 46,60 SE&,50 0,80 K2,50 95, 4y
S FUFL TIAC ( SLC ) Y2 R0 T7.70 60,40 49,50 41,60 35,10 S7.60 48,90 359,20
6 FUEL YFMPLRATURE ( C ) t1,00 t1,00 11,00 11,00 11,00 11,00 11,00 11,00 11,00
B AIP NFTER TENPERATURE ( 0 ) 15,00 14,00 13,00 135,00 15,00 14,00 14,00 14,00 15.vy
11 IHTAKE AALTFOLD PRESS.(mm ) =072, 0=020 Alel3D JR<24b ,6b=165,04 =9, 74 ~T0.,69 =50, 34 -, 75
26 EXHAUST Trmp, (POST TuRui) 217.0 215,0 234,00 2o02.0 282,00 324,0 331,0 352.0 300,00
27 b xHAUST PRESSURE (POST TURKD) 3.0 (3 3.8 5.3 9.0 12.0 13,5 14,3 15,0
13 CARBON MNOXIDE ¢ % ) o205 T 1359 R .153 124 <104 .250 3,504
1S CARnOL DIOXIDE C % ) 9,00 Q9 HA0 9,800 Y, 800 9,800 10,200 12,500 dd.500 13,300
te UXYLEN ( 2 ) 7,100 7.200 7,200 7,100 7,100 6,600 3,900 1,100 L
12 HYLROCARBOUS { PPN ) 3600,0 2760,0 2080,0 1830,0 1620,0 1%00,0 1110,0 140,90 LSvu,u
14 UXIULES OF HNITROGEN ( Pi4 ) =20,0 «306,0 «75,0 =120.0 «170,0 «d20,0=1900,0=20%0,.0 =4nbh, v

CALUNRILEFIC
vaLUE
1Yva0, 00

FRICTLOw
w19
W,

TUMBLCHAKGE D

(AN ITR

L

vilirul
UP T 1L
i



SPEID
REV/S
20 00
20,00
20,00
20,00
20,00
P4 1Y)
20,00
20,00
20,00

MAl L PEES
TMOHG
« T2, 0
ydPd , H4
-313.53
=240, 00
=185, 140
9] .74
=TO, 09
=50, 3n

-, 75

HL =P
Wt T
3nona S
23045
17040
152K 6
13%3.2
t2aq4 R
BRT 7
RRD D
1144,2

DATE

PELATIVE BUMIDLTY

137 2/86

POy H=(KY')

Lty CORI
.69
1,47
2,94
LT
S, Hé
7,35
L]
10,37
11,74

AN, T

c
on

ot
o
o't
ou

He =Py

DRY
600,10
fTon, 0
2040 ,0
183,04
16200
1H00,0
1110,0
146,90
1500,0

PARTICHLATES

G/H
o 01
U
i)
i
LU
« 04U
o i)
.00
LU0

(VS SHST]
0N
0N
000
D00
A
L0
LONN
JOLO
LO00

Fof oC./BOSLH IGHITINY = CURMECY JNJECTUNS
FAPPING AT 20 REV/SFC E.U.I. 330 ATOCF
TESE NO,T3.0 RANVMETER Tob . 49 1M NG
= 33,95
MU I ITY CORRECTIDN FaCTup = o749
HEP=(bar) TNRLUE = ()
Cokk Ur.Cufwk conpn 1y, CUPRR COKR /IR
O U7 Ju7 5.50 5.%0 1610,
1,47 1.01 1,01 11.70 11.70 193%,
2,10 2,02 SN2 23.40 23,40 2473,
N,86 5.00 .06 35,50 45,50 3018,
5.0 4,02 4,02 46,60 406,60 3591,
7.35 5,040 S04 hH .50 58,50 q2us,
8.9 6,10 0.10 Tu 80 To,.10 5112,
19,37 I.11 7.11 K250 42,50 bull,
11,74 ([N 8,08 93,49 93,40 7511,
THTAKE=AIKR=(M3/5) AlK=MASS FRLE=AIR=VUL.LFF, VOL.FFF
FIFL AFT M K6/ 8 AJR=ME T, SPINLDT  AFT.mCT
L0000 L0000 L0000 .00 2.59 .00
L0000 SO LN000 <00 .47 00
La0yn L00n LODP0 L00 35,52 .00
L0000 LN LHDDD .00 42,99 LN
0000 JHNUNY 000 LU0 “ti.°7 )
RO LUN00 000 LU0 S9.57 o 00
0000 SN0 Q L0000 T bO U2 D0
JA0G0 LNO00 L0800 .00 61,h0 00
LU0 MU Luun LU0 oY, b LU0
[ PAUX=PPs uX=PPu X =vps WUX Chi=PPy
L/n wi 1 1Ry DRY,COK, e/ Hwe T
27,95 24,0 2R R 22,6 o 50 17109
20,07 50,0 3,1 33.9 2 1386, 0
24,818 7%.0 HY R 70,6 2,07 1127 .6
27,¢9 120,0 1a3,7 112.9 n R4 1127.6
2h .81 190,0 227.% 178,77 1,18 1110,
30,47 Hep, 0 Soo,l 37,7 23.21 [u29,40
22,31 1900,0 FERAI 1h6h,9 107,81 Hi31,7
23,69 2056,0 LY AU AL ) 121,158 1934,7
33,23 aho, 0 he9 3 49N 31,98 26698 1
e HUX "c u ce2 STakl END
(V4.3 1] G/ri N [HA NN /R4 H I1HJ. Ind.
a9, 441 Y it Ag. 2681 5025 .58 .0 o8
17,734 L0257 18, 6%% 1739,22 .U ol
R, 400 MUY R P,793 1116,97 N o0
6,117 1,084 1,893 0,24 o o0
4,929 1.500 7.06% R17,.91 Tl o0
4,145 3.1407 H,993 178,60 o0 o)
2.h08 12,114 a,110 776,11 ) o
2,221 11,6484 K, Ha3 716,49 N ol
2.831 bR 115,561 Hhiy 97 N o0

LPAZ/Vu WeCC HMETHABGL (79,.5wm X '73,.4mm)

WET nULb

REFER TO FIGURE NOS. 104-109

1EMP(C)

9.9

GRAILS UF 4aTER/LB DHY ALk

FHEL=CORSUMPY TN

MM3/ 16D
14,01
GLY
21,52
26,26
31.25
37,04
44,49
52.4v
65,57

o MANIFOLO=VOL.EFF.
« SPlun)

Alk=tt ]
JL0
00
00
L0
L0V
00
.00
0
U0

Ctr=PPn~
PRY
20%0,0
1660,0
13%0,0
1350,0
1330,0
12dy,u
1040,0
2500,0
35000,v0

STARI
ClMp,

MG/LITKRE
30,67
$h KT
47,13
S7.9%1
68 .44
i 10
97,41

114,74
143,14

Y, 78
648,01
al, sl
tueo,9n
127,49
147,61
149,72
192,79
162,62

C u
G/
21 .h4
2l 42
28 b
35,21
41,37
44,06
36,50
88 . Su

13%6,33

JGuITNiun

TIWING
25,0
23.v
23,0
22.0
19.5
15,0
1%.v
9.9
S0

HOHFC
G/rn H
2328 0
13160

TN BT}

76,4

013,1

SId .Y

STa,5

Sdu . b

649,49

]
R
+ LV
N
U
LU0
P
My
N

Cud=(2)
wt |
LS X.]
H,.1b
a1y
.1
a.19
H.46
Lo, 0y
11,02
fu. 15

L RAUST
ItmbP.L
217.v
21%.u
84,0
2nl .V
202 .0
L YL ]
351,
35,0
Sn0,.9

= 21,50

HUSCH
Sein€
-V

AIK/FNEL=KAT LY
Ain=rEl,

Sk iwnl
Y.1lv
9,74
Y.354
v.31
v.3%
911
7.69
ho6l
S.09

cre=(z)
ey
v, 80
9.80
9.80
Y. nu
9,89
10.2v
12.%0
14,50
13,30

rnhakk
THENA EFE

1.75
13, 7¢
21 417
20,69
AT
3ty
31,42
1,09
<n 21

(A AN TRV
Setiipt

b
oV
oy
Y
v
o U
oV
oV
Y

DAY HULe TLWP(C) J1o6.5

CURRLCTIED

wik PLUALISEAY]

)
LUUVL
s halpy
+uuy
TV
+OULVY
RO
)
T

I

FwulvalEie=kally

Alk=ad |,

VUMY
T
.Uilo
JVuY
Uy
I
LUV
T
RTOY)

cue
G/n
af0%1 .1
25%44%,Y
32h4.5
4dlib.v
ailny, o
hovd ,H
nYuS,v
Holy,n
BUYL 2

Fouon
(%)
oty
L00
+Vu
oy
Iy
o Uu
Uy
)
1

cMESSIuNS
YY)
97
oYY
Th9e
oYY
Lol
U387
900

1.13¢

3 2
T
71.10
/.29
1,29
.10
1.1v
6,80
3,90
1.14
sy

HUUS | PRESS,
nally
344
T
Hho
o0l
LY
LYY
1T}
<734
Y9y



EPA/ZVL PRUC POCTHANUL (/79,5mm X 735,4mm)

Mok oCo/n0SCH TGHITING = CORKLET UL CTORS REFER TO FIGURE NOS. 104-109

MAPPING AT 40 wEV/SEC Tl.C.1. 330 ATLCF

HURL STRURE NUMHE K uf CYCLE URAKE AlKR Mt ¢ R FUEL HZCAKIIN CALUKIFIC ik UUHARKGED
. CYLIHDERS TyYPE ColsTant CONSTANT S.G,. KAT LU VALLUE urlluN
79,50 73,49 4 a, 159,1941 LO0N000 L7950 3,97 19240 ,00 v
DAY MORTe YEAR Te ST BAKGMF TEK Wel BuLB VY pULH Pusdt R FRICITun uJiruTl
FliM{iE 2 TeErPEkATUKE  TEMPERATURE  CUHKECTION UPffuN uPljun
13 2 1 14,00 766,49 9,00 1b,50 0 0, 1
i
1 EHGINE SPEED (REV/ZS) Ho 00 40,00 40,00 40,00 406,00 49.00 406,00 49,00 du 09 Hy,00 du, 00
2B JGMITION YTIMING Ai.00 23,00 23 00 23,00 21,50 20,50 19,00 18,00 16,50 14,00 13,0V
4 FUEL vVOLUME ¢ CC ) 92,00 52,00 102,50 102,50 102,90 203,00 203,00 203,00 205,00 293,00 203,uu
& HHAKRFE ([ OAD 5.0 11, R0 20,00 34,90 46,80 ST.40 69,30 H2,10 94,4y 104,00 juY, By
S FUEL VIMF ( SEC ) 4n, 30 39,90 SHE,6U 49,10 ap, v To.20 bl,4y S¢2,./0 dou,lv 36,19 34,04
6 FURL TOMPLRATURE C € ) 12.00 12,00 12,00 12,00 12,00 12,00 12,00 12,00 12,00 12,00 12,0y
8 AlH METER TEMPLRATUKRE ¢ C ) [5.00  §S.060 15,00 15,00 1S, 00 15,100 16,00 19,00 16,00 tlo,uv 1o, uu
11 INTAKFE MANTFROLD PRESS. (Mu HA)=ARBS , L0=0UdA _19=361 ,db8=297 00=221,09=15]1,90 =89 _49 =75,95 =b0,7] «29,358 «1,49
26 [XMAUST TEmMpP, (POST Turs) 24,0 33A.0 3550 SU2.0  4u2,0 425.,0 450,00 4b3,0 S522.9 Su3d,0  Sou.u
27 CXHAUST PHESSUKE (FPOST TURI0) 5.4 6H, tu.s 14.3% 18,6 24,8 50,1 5.5 3ol di, o 45,0
13 CARBON tn0XIvE ( % ) L1800 .14 .25 120 L1220 L1206 <120 + 11w LIBY d.200  S.000
19 CArBON NIOXIDE ( %2 ) 10,100 10,0600 Y 900 9,990 10,206 9,900 10,000 12,100 135,bvu 12,500 12,000
16 OXYGEN ( % ) 6 B0 6,00 {000 7.000 6,900 6,200 6,700 $.7ub 1.70u 200 41V
12 HYPRUCARBUUS ( PPMC ) 2190,0 18600 1740,0 1680,0 1620.0 1800,0 1590,0 1200,0 1290.u 22%0,v 2040,V

14 OXJDES UF NITROGFL ¢ PPM ) 0,0 =hbH, 0 =120,0 =lL0,0 =2H0,0 =280,0 =600, U0=2200,0~2600,0 =500.,0 <3¢2u,u



Fra/vw hRCC METHAMOL (79.95mm X 73,4mm)

M b Co/BOSCH IGNITION = CURRECT INJECTORS REFER TO FIGURE NOS. 104-109
MAPPING AT 40 REV/SEC E.U.1. 330 ATOCF

COATE 1372 2786 - TeST nNO. 74,0 BARDUETER 766,49 MMJHG WET #ULn TEMP(C) 9. T ODRY HUL (EmP(C) lo.S
RELATIVE HUMIDITY = 33,95 .
HUMIDITY CORRECTIUM FACTUKR = .79 GRAINS UF aATER/Lb DRY ALK = 27,30
SPEED POUER=(K¥%) RMEP=(bar) TORQUE = (N4) FUEL=CONSUNMNPTION bSFC BOSCH CLLESCU CORRECIED
REV/S Uy, CURK, CORR Ut CORK CORR un.Corr CURR G/HK MMI/ZINY  MG/ZLITRE  G/kw,.H SMUKE SMukE  AIR FLun{StAl)
40,00 1.36 1.36 Ly LA7 H.40 5.40 3223, 14,04 3u.71 2374,9 o9 N <0000
40,00 2,917 2,97 1.02 r.02 11,80 11,80 - 3740, 16,29 35,64 1261 ,1, .V .U L0000,
40,00 6,03 6,03 2.07 2.07 2N, 00 2h, 00 5020, 21,86 47 .83 832.2 ] N L0000
4o.00 8,17 8,77 .. 3,01 3.01 34,90 34,90 5991, 26,09 57,09 683,0 .0 .0 000U
40,00 11.76 11.76 4.03 4.03 6,80 46,80 7192, 31,33 68.53.,  b611.9/ o0 oV V000
40,00 14,43 14,43 4,95 4,95 57,40 57,40 8299, 36,15 79,08 S75.3 1. a0 oV L0000 ,
40,00 17,42 17,42 5.97 5.97 69,30 69,30 9484, 41,33 9pid1 . S4d.8 r.el S TN
a9, 00 20.63 20,63 7.08 7.08 R2.10 82,10 11055, 48,15  105,34" 535,17 L0 v L0000
40,00 23.73 23.73 B,o11 8,14 00 94,40 12637, 55.04 120,42 532,6 o0 .0 0000
40,00 26,10 26,14 8,97 8,97 164,00 104,00 16138, To.29 153,77 617,.4 . .0 N L0000
40,00 el,.ho 27.060 9,47 9.u47 109 .80 109,80 17135, J4,63 163,27 . 620,9 R ] oV DI
MANPRES  MANJTEMP INTAKE=AIR=(M3/S8) AIK=1ASS FREF=ALR=VULEFF. VOL.EFF, MANIFULD=VOL.EFF. ALK/FUEL=RATIUV EWUlvALENCE~KATIV
MM HG . Cc FREE AFT.MET KG/S ATK=MET, SPINMDT  AFT ME] ALR=MET, SPInNDT Alk=MET. SPINDI AlR=mMET, EMISSIONS
488,80 .0 L0000 L0000 L0000 .00 22,6 .00 .00 58,77 s00 9.v4 00U J712
~44R 19 .0 L0000 0000 L0000 L00 26,40 .00 .00 69.08 Y] Y.lo LU0V L7048
-368,48 0 L0000 L0000 LOu00 L00 35,79 LU0 J00 93,64 <00 9.¢25 VUV <696
-297.04 .0 L0000 JH0un L0000 00 ue,75 .00 L00 111,84 «00 9.26 © LUuUu +b96
~221,09 W0 L0000 L0000 0000 .00 50,98 .00 .00 135,49 00 9.290 ~U00 ]
-151.90 W0 0000 L0000 L0000 L O0 54,87 .00 .00 154.03 00 9.2¢0 LUuY + 700
-89 ,49 L0 AT L0000 L0000 .00 bbh,9] L00 .00 174,48 00 9.12 +VVY 106
-75,95 .0 L0000 L0000 L0000 . .00 65,235 .00 N0 - 170,69 L00 /.66 T .Bdl
-60,71 .0 L0000 L0000 L0000 .00 67,21 LU0 ’ .00 175.25 ix 0,88 LU0y 936 .
«29,33 .0 +0000 L0000 L0000 .00 bR S8 LU0 .00 178,83 V0 S.4Y LU0 - 1,172
-1,50 .0 L0000 L0000 L0000 00 70,62 .00 .00 184,15 L0 5.33 TIVE¢) 1.208
HC=PPM HC=PPi4 I NOX=PPM HUX=PPM OX=PPM MO X CU=PPH CL=PPM [V cue=(%) cue=(4) coe u e
WET T DRY G/H WET nRY DIRY ,CUR, G/u wET DKRY G/H wt T DRY G/n b3
1819.,2 2190.0 33,01 40,0 44,2 37,R 1,07 149%,3 1800,0 48.33 8,39 10,10 420v0.6 6,80
1548,.3 1Bo0,0 33,67 66,0 79.3 62,3 3.24 1207,0 1450.0 45,91 H,32 10,00 4974 ,0 6,90
1451 .1 1740,0 42,.n2 120,.0 143,9 113.1 7.99 1042,5 12%0.0 55,80 H,26 9.90 6069 4 71.00
14a0t,2 1680,0 49,138 160.0 191,48 150,7 12.73 1017.5 1220.0 62,73 8,26 9.90 1997.9 (.00
1348,9 1620.0 56,066 2800 336,3 264,02 26,5% 999,27 1200,0 73.41 8,33 10,00 vell,.b 6.90
1501,2 1800,0 73,18 280.0 315,7 203 8 30,82 1059 .8 12600 BY .60 H,26 Y.90 11001,5 0,90
1323.9 1590.,0 73,38 600,0 720,06 566,2 75.08 999 .,.2 1200.0 Yo, 87 8,33 10.00 120h3,0 6,70
1014,1 1260,0 $56.95 22v0,n 27133.6 21480 276,92 hHs5,3 1100,0 8o.21 v 74 12,10 tasyv .,y 3,70
1009,9 1290,0 57,717 2600,0 3321.0 2h09,6 33,78 16409,2 1800,0 141,00 10,8y 13.80 169H4.5 1.70
1726,5 2250,0 107.26 500.0 651 .6 512,0 70,13 32227.9 H42000.0 3502.23% 9,59 12.90 163717 ,4 .20
1566,5 2040,0 101,59 320,0 16,7 327.5 AhH,BS  38394,0  H0000,0 4355,05 9,21 12,00 1tod22.0 «20
PARTICULATES H C NOX Cc o cne START END START 1GHITFION EXHAUST BRAKE tebene dUUST PRESS,
G/H G/KW . H G/ha. i G/KW . H G/KklWH G/KY o H InNd, INJ. cuomg, FTIMING TeMP.C THERM,EFF (&) RaTluo
.00 000 24,708 1.230 35,608 3139,3%3 .0 .0 .0 23.0 324,y 7.00 RO +362
.00 000 11,353 1.093° 15,480 fo?77,41 W0 .0 L0 25,0 336.0 14,32 00 415
.00 L000 7.099 1.325 8,920 1110,01 .0 .0 Y 2340 355.0 21,69 cUv «519
.00 L0000 5.630 1,452 7.152 911,83 .0 o0 o 23,0 3H2.0 20,43 LU0 612
.00 .000 4,617 2.257 6,241 H17.17 .0 .0 0 21.5 402, 0 29.53 «00 712
.00 .000 5.073 2.136 6,211 766,76 .0 .0 .0 20.% 425,y 3t1.348 <Ou BV
.00 L0000 4,213 4,311 5.5602 T28_25 .0 <0 .0 19,9 45¢9.0 33.14 sUUL -.RY3



REFER TO FIGURE NOS. 104-109

.00 LU0 2,136 13,401 4,178 722.08 LU .0 WU 18,0 CLEY) 33,70 U Ul
.00 L0U0 2.435 14,153 5,943 T1h, 64 .0 .0 U 16,5 5¢2.v 585,99 ) .921
L00 000 4,104 2.683 134,990 620,57 U L0 .0 14,0 Suo v 2y.,.c4 Oy Y02
L00 LU0 3,681 1,698 15/, H16 595,12 .0 o0 U 13,0 500,u 29,08 oYY L9988



EPA/VI MREC

HETHANODL (79,.%mm ¥ 73 u4mm)

. P . ) o
Mot C./ZNUSCH TUHITION = CORRECT LIJLCTORS REFER TO FIGURE NOS. 104-109
MAPPLING AT 60 KEV/SHC 1 ,0.1. 330 ATOCF
BORL STKROKE nur'sEx uF cycLr BHAKL ALK AEITENR FUEL H/CARBOW CALURIF
CYLINUOENS Typg CONSTANT cunstanl 5,6, KAT LU value
79.50 73.40 ] 4, 159.1551 L000000 o 19%0 3,97 19940,
DAY HOET YEAR TEST $AROME TER WE T puLy LRY BULY PURER FRICH
WUMBE R TeErPE KATURE  TEMPERATURE  COURKECTILiN nerL
13 2 He 715,00 766,409 9,00 16,50 0 0,
1 ENGINE SPEFD (IFEV/S) 60,00 HGO,00 AN 00 60,00 60,00 HULH0 60,00 bLU,VY bU LY 60,00
2R JGNITLON TIMING 25,00  2%,00 2%,00 24,%0 23,950 22.%0 22,00 21,00 19,50 18,50
4 FUEL voLvnb  €C ) 102,50 102,50 102,50 203,00 205,00 203,00 205.0v 504,60 304,00 504,00
2 HRAKF LuAn .50 11,50 235,30 34,80 47,60 S8.30 69,20 H2.40 94,20 104,20
S FUEL TIME ( SEC ) SAMB0 AT 70 37,90 Hl.60  S1,70 44,90 39,90 51,10 45.Yu 41,64
6 FULL TEMPLRATURE ( C ) 10,00 10,00 11,00 11,00 11,00 11,00 11,00 11,0y 11,00 t1.00
A ALK PETEK TLNFERATURE ( € ) 11,00 11,00 11,00 12,00 12,00 12,00 15,00 15,00 12,00 13,00
11 INTAKE MBANIFOLD PRESS.(mm b)) =082 ,03=U838 02=363,9T=¢ I8=211,51=139.87 =84,98 «J3,70 =0d,67 =UB8,13
26 £ XHAUST T, (POST Tuirbo) 99,0 415,00 431,060 452.0 4l5,0 496,00 S11.0 S44a,0 STo,0 ov3,0
27 ExHANST PRESSURE (PUST THKEW) 11.3 15,8 °4d,.1 3N 3 44,1 57.2 ol.l 12.2 7.5 bl,2
13 CAPHUHE MOMOXTIBE ( %) . 155 L 159 <130 174 . 129 . 125 .124 o1l <1vo 1,300
15 CARLBON DIUXIDE € X ) Y,900 9,900 9 900  ,900 9,900 9,900 10,100 L2000 15,50v 14,400
16 0uXYGth ( %) 6,900  T,000 7,000 T,0u0 7,000 7,000 6,700 4,500 2,600 600
12 HYDROCARGUNS ( PPRMC ) PH20,0 21610,0 2160,0 155u,0 150v,.0 1290,0 f11luv.v TBO,0 obu0.u  T8BY,Q
14 OXTLFS OF HLITROGER ( PPM ) 05,0 =A0,0 =120.U =150,0 =190,0 «210.0 =300,0=1500,0=2400,U=2050,0

ic

0o

[un
N

6Y,00
195,00
507,00
114,60
51,50
1t.00
12.00
=3.01t
59%%,.4
106 .0
5.500
11.%0u
Y1)
2224 .4
=340,0

TuRsUCHAKGLLED

Ul lun

v

VUIPUI
ubljue
1



BAPPING AT 60 R
DATE 13/ 2786 TEST NO. 75,0
RELATIVE fuUMIDITY = 33,95
HUMIPDITY CORRECTION FACTOR = .79
SPEFDL PUHLR=(KW) BMCP=(bar)

RFV/S UN.CORK CURK Ut . CUORK CORR
60,00 2.07 .07 U7 A7
60,00 4,26 4,26 .97 a7
60,00 8,78 8,78 T 2.ut 2.01
60,00 13,17 13,12 3,00 3,00
60,00 17,94 17,94 4,10 4,10
60,00 21,948 21,986 5,03 5,03
60,00 26,09 260,09 S.97 5.917
60,00 31,06 31,06 7,10 7.10
60,00 35,51 35,51 4,12 a,12
60,00 39,91 39,51 9. 04 9,04
60,00 44,71 a4,71 10,22 10,22

MAN,PRES MAN_TEMP INTAKE=AIR=(M3/S) ALlk=MASS
MM, HG o FREL AFT . MET KG/S
-482,03 o0 0000 LO00u0 L0000
-438,42 .0 <0000 L0000 L0000
«363,97 0 .0000 L0000 L0000
294,78 ) L0000 L0000 L0000
-211,31 o0 L0000 LU000 L0000
-139,87 N +0000 L0000 L0000
-84,98 .0 L0000 L0000 L0000
-73.7¢0 .0 L0000 L0000 L0000
-6U4,617 o0 <0000 L0000 L0000
-4R 13 o0 L0000 L0000 L0000
=3,01 .0 0000 L0600 L0000

HC=PPM HC=PPM (TS HOX=PPH HuX=PP*
NET DRY G/H wE T DrY
2100,2 2520.0 65,55 85,0 102,0
180048 2160,0 6bd .96 40,0 96,0
1801.3 2160,0 81,88 126,0 143,9
12760 1530,0 71,15 150.0 179,9
1250.9 1500,0 83,10 190,0 221.h
10758 1290,0 82,49 210,0 251 .8
922.7 1110,0 78,44 300,0 60,9
628,7 780,0 54,66 1500,0 1861,0
472.3 600,0 41,76 2400,0 3uub R
597.9 780.0 51,88 2050,0 2674,%
1710,9 2220,0 182.25 340,0 4al,2

PARTICULATES H C MOX [T

G/ G/KK H G/Kw . h G/KWkwotl  G/KW.H
.00 .000 31,613 2,FB9 40,593
.00 L 000 15,249 1,529 19,140
.00 .000 9,322 1,802 Y. K13
.00 L000 S,424 1,434 7.6HA
.00 000 4,031 1,568 6,966
<00 000 3,755 1.654 6,361
.00 <000 3,008 2.208 S.HIR

EPA/VH HRCE METHAROL (79.5mm X 73.4mm)
Mok .Co/BOSCH IGHTTION = CURKECT INJECTUNS

EV/5EC t.u.l,

HWARUMETEK TH6,4Y9 MM HG

VORGUE = (1uM)

Urt CORR
950
t1,30
25,30
34 .80
7,60
SH,30
69,20
H2, 40
Ya, 20
tha 80
11P,60

Alk=MET,
00
UL
LU0
LU0
.00
L00
00
.00
LU0
L00
L00

NOX=PPM
Dy ,Chx,
ho,l
19.4
113,
141,3
179.0
197.9
U3 .6
1162,3
2395,.7
2101,6
duh,7

coe
L/KYGH
315,14
1920,80
1174,22
Inu 47
H3Yy 9y
791,02
752,26

CUPR

5.50
11,30
23,30
4 89
47,60
S6,30
69,20
b2 ,40
9u,20
104,R0
118,60

FREE=AIR=VUL.EFF,

SPLINDT
24,00
2k, 78
36,25
4u,62
53,17
61,36
6R,08
69,51
69,69
67,u8
15,15

oY

/H
5,99
6,%2
12,32
18,88
28,50
36,35
HT.61
294,41
479,09
a01,66
81,717

START
Inde.
.0

.0

.0

o0

.0

.0

.0

330 ATDCF

REFER TO FIGURE NOS. 104-109
WET HULB TEMP(C) 9.0 DrY HULb TEMP(C) 16,5
GRAINS OF WATER/Lb DRY AIrR = 27,3y
FUEL=COhSUMPTIUN pSFC BUSCH CELE DCU CURRECTEL
C/HE MM3/ZIND MG/ZLITRE  G/Zawn.H SMUKE SmOURE  ALlR FLUAISEA])
5378, 15,59 34,16 2993 ,0 o0 X" RCI )
61748, 17,91 39,29 1450,2 .0 N7 L0000
7768, 22.54 49,35 a84 .4 ) Y JUuvY
9466, 27,46 60,158 121,5 .0 U LUU00
11279, 32,72 71.65 [’T-L 081 ) ) +U000
12987, 37,68 82,50 59¢,9 WY u LO0tuy
14614, 42,40 v2.484 Sou,2 U N L0000V
17089, 49,58 104,55 Y9%0,1 ] XY L0000
19924, 56,19 120,485 535,17 .0 oy LU0uY
20991, o0.90 135,34 t531,3 o0 .U 000
28278, 82,04 179,04 632,5 ] oV +U000
VOL.EFF. MANIFULD=VOL.EFF. alR/FUEL=RATIO EwdlvALENCE=-RATIO
AFT.MET  AIR=MET, SPINDI alR=rET, SPINDT Alr=MED. EMISSIUNS
.00 .00 64,24 L0 9.10 LU0 L7107
LU0 .00 T4.59 .00 9,149 Y vy
L0U .00 95,90 T 9.21 Y 699
.00 LU0 115,17 .00 9.¢27 V00U .6Y95
.00 L 00 137,25 LU0 9.27 LV0U .5Y95
.00 .00 154,38 .00 9,29 LS00V 693
LU0 «00 175.11 ] 9.15 LUUU L7105
.00 .00 178,79 LU0 1.97 Y 608
200 .0V 180,39 LU0 l.22 VU LBY1
.00 .00 175,50 .00 6,39 LU0 1,028
.00 LU0 195,va .00 5.23 LOuU l,c32
cCu-rPM CN=PPw c o cue=(4) cne=(x) cue v 2
WET ORY o/ H KET DrY G/n %
1541,8 1850,0 H4,17 8,¢e% 9.9 Tvii,u 0.90
1292.2 1550,0 81.54 8,25 9,90 Blue,.0 7.00
1084,1 1500,0 Ab,20 8,20 9,90 todta.¢ 7.00
1034,2 1240.0 100,87 8,20 9.90 12055,.¢ 71.00
1075.8 1290,0 125,00 8,26 9,90 15u73,¢ .00
1042,5% 1290.0 139,861 8,20 .90 17390,7 71.00
1050,7 1240.0 153,34 8,4y 10.1v 19el4,/ .79
9226.9 1150,0 140,95 9,67 12.,vu  23109,0 4,50
T 834,4 1v60.0 129.05 10,63 13,50 ¢e5825,.9 2.00
9904,3 13000.0 1512.5¢2 11,u4 14,40 20324.5 .60
42346,0 S5000,0 T897.87 H,H6 I1.%50 25Y40,.8 .30
kb START  [G6MITION  EXHAUSI bRAKE Eevek, HLU3T PKESS,
1N, COMB, TIMIvG IEtIPC  THERM.EFE (4) KAl lY
.0 .0 25,0 399,v 6,96 .UV L3171
] .0 295.¢ 415,90 12,45 Y .424d
.0 .V 25.0 431,90 20,41 LUV 929
o0 N 24,5 492 ,v 2b.02 VY 015
Y .0 23.5 475 .0 28,12 U <724
) .0 22.5 496,90 30,59 RV .b18
.0 .0 22.0 511,90 32.¢23 T JHBY



REFER TO FIGURE NOS. 104-109

75

.0V 000 1,759 9418 4,537 713,93 .0 o0 o0 21.0 Sud Y 32,82 “UU L4
.00 L0000 o 1,170 13,491 3,634 727,11k .0 .0 .0 19.5 570.0 33,70 L0v LY16
.00 L0000 1,513 1,166 IH, 283 hot 30 .U .0 WU 18,9 608,00 43,98 <0U Y87
00 .000 4,076 1,829 170,642  Sky,32 L0 T L .0 19,0 5%5.v 268,55 vy 996



EPA/ZVE HRCC METHANGL (79,5mm X 73,4mm)
MoE.Co/OUSCH TOLGHITION = CORRECT FNJECTORS

MAPPING AT BO WFV/SEC L.0.1. 330 ATDL}

HOKE SThnat Hunst R ooF cyecwr bRAKE Al METEK Fut L H/CARBO CALORIHEC
CYLLHDE RS TYPE constanld CUHSTANIT $.6, kallo VAL UL
79.50 73.40 q He 1591551 L0000V « 19450 .97 19940,00
DAY MOLTH YEAK TEST wAROME TF k HUlLb DRY blULH PUWNER FRICI1un
NUMBER TEMPERATURE  TEMPERATURE  CURKECTION P T L
13 2 He Ta.00 766,49 16,50 0 0,
1 ENGINE SPEFD (REV/S) BO,00 BO,00 HOL,00 KO,u0 HOL,00 KO,00 Bu,00 BU, 00 Bo_uQ AROL.00
28 IGNITION YIMING 27.00 27,00 27,00 26,50 25,00 21,50 21,00 20.%0 19,50 17.00
4 FUEL vouLung ( cC ) 102.%0 203,00 203 00 203,00 304,00 304,00 504,00 304,00 Su7,00 S07,.00
2 BRANF LUuAb 11,30 23,40 35,10 471,16 SHB,30 69,70 83,3u 93,60 1uS5,10 117,60
S FUEL TIME ( StC ) 33,00 St,50 43,10 36,50 47,60 42,00 37,00 535,50 408,60 So0,0v
6 FULL TEMPLRATURE ( ) 11.00 11,0u 11,00 11.00 ti.00 11.00 11,0V 11.00 11,00 11.00
8 AIK PETER TeMPERATURE ( C ) 13.00 13.04 12,00 15,00 13.00 13.00 14,00 t5.00 16,00 16,0V
11 INTAKE MALIFOLD PRESS. (MM Hy) =130 ,90e359,16-28% ,To=213,57=143,68 =11,97 «71,44 =635,92 ~48 K8 <060,02
26 FXHAUST TeMP, (POST Tuknt) A%T .0 490,06 S07,0  5H29.0 H42.0 HeH,0 605,00 641,0 667,0 o0ib6,.0
2T EXHAUST PRESSURE (POST 10KRO) 31,6 45,9 64,7 KOS 10,0 133.9 142,9 15%0,4 1692 201,85
13 CAKBON (ONOXTLE ( % ) 155 .13 .13} .1l .79 «123 «i16 <145 1.100 6.000
1S Capruny DluXtt ( 2 ) YoB00 9,000 9,900 9,900 9,900 10,500 11,990 14,400 Q4,300 1,500
16 OXYLFN ( 2 ) T.900 7,000 T,.1luwy /7,000 7,000 6,700 4,500 2,000 Jolu 20V
12 HYDROCARPUNS ( PPmC ) 180,00 1560,0 1500,0 1200,0 tuBo, 0 HU40,0 484, 0 4SS0, 0 Y60, 0 2610,0

14 OXJVDES UF HITROGEN ( PI'™ )

“110.,0 =170.0 «215,0 «3106.0

REFER TO FIGURE NOS., 104-109

=340,0 =510,0=150u,0=2450,uU=2500,u =300,0

lukBuCHAKRLE L
ur i Tui

v

udirul
uPllun
]



Ricardo Conuuitmg Ergioeers ple Bridige Works Shorebam. by-Sea Sussex NG S£G

FPA/VH HRCC METHANOL (79,.5mm x 73.4mm)
M.EoCo/BUSCH TGRITINN « CURKECT THJECTUKS

ATDCF

WET RULB

REFER TO FIGURE NOS. 10

TEMP(C)

9.0 DRY BULY

GRAINS UF WATER/LS DRY Alk

FUEL=CUNSUMP TTUN

MAPPING AT 80 REV/SEC t.0.1. 330
PATE 13/ 2/86 TEST HO. 76,0 BAROMETER T66.49 MM.HG
RELATIVE HUMIDITY = 33,95
HUMIDITY CORRECTIUN FACTOK = .79
SPEED PORER=(KW) UMEP=(har) TORAUE = (NM)
REV/S UN L CURR COKR U, CURK CORR e, CORR COFK
80,00 5,68 S.08 97 07 11,30 11,30
80,00 11,76 11.76 2.02 2,02 c3. 40 23,40
80,00 17,64 17,64 3,03 3.03% 35,10 35,10
89,00 23,68 23,08 4,00 4,06 nt.iu 47,10
80,00 29.30 29.30 5.03 5.03 54,30 5R.30
80,00 35,00 35,04 6,01 6,01 69,70 69,70
ag,nu u41.87 41,87 7.18 7.18 H3 .50 83,30
80,00 47,05 47,0% 8.07 8,07 13,60 93,60
80,00 52,63 52.83 9,06 9,06 105,10 105,10
80,00 59.11 59.11 10,14 10,14 117,60 117,60
MAN.PRES MANJTEMP INTAKE=AIR=(M3/8) AIK=MASS FREE=-AIR=VOL.EFF
MM, HG C FREF “AFT.MET KG/S Alk=MET, SPINDT
-430,90 .0 L0000 L0000 L0000 . .00 31,63
-359 46 W0 0U00 L0000 L0000 .00 39,9}
-285,76 .0 L0000 L00U0 000 .00 48,04
-213,57 o0 L0000 L0000 L0000 .00 So,Rr7
-143,63 W0 L0000 o000 L0000 L00 65,38
-81,97 o0 L0000 LU000 L0000 L00 12,05
~71,44 .0 L0000 L0000 L0090 .00 Te.54
-63,92 .0 LOun0 L0000 L0000 L00 12.59
-4R,88 0 L0000 L0000 L0000 .00 73,41
-6,02 o0 20000 L0000 L0000 .00 19,92
HC=PPM HC~PPH HC NOX=PPM HOX=PPH NiOX=PPM HX
WET nRYy R4l WET DRY DicY L CORe, G/h
1402,9 1680,0 74,03 110,90 1317 105,5. 13,11
1300,9 1560,.0 36,20 170,.0 eni.a 160,2;, . 25%.43
1250.9 1500,0 99,66 215.0 FEYAN N2 b in, 67
1600,8 1200,0 94,49 310,0 371,7 29,1 66,08
00,7 10800 97,76 340,0 4o7.7 520,41 43,32
6937 Rd0 .0 B1.,55 S10.0 617.6 KRG, 3 135,37
3R7,5 RE L] 46,95 1500.0 1854, 0 1060,0 416,30
154 ,6 a4%0.,0 43,18 2450,0 3108, 7 2442 8 673,09
738.5 90,0 92.R2 2300.,0 2989 .9 2349, 4 652,66
2003,0 2610,0 297.23 00,0 390,9 07,2 100,51
PARTICULATES H C NOX (W T} cue $TaPT
G/H G/KW 1 G/Kr,H G/KW H G/khin H G/RVi H Indg,
L 00 000 13,034 2,307 21.034 2089.,%2 .0
.00 L0000 7.328 2.162 10.682 1278,15 .0
.00 000 S.649 2.192 8,629 1026,60 N
.00 L000 3,991 2.791 7.2140 04 .91 N
.00 L1100 3.330 2,843 6,754 840,42 .0
00 000 2,378 3.864 5.962 799,617 (]
.00 000 1.121 9,799 4,740 763,98 W0
.00 000 .917 14,306 5.170 750,65 .0
+00 L (00 1,767 12.354 35,213 119,26 .0
.00 000 s.028 t.700 202.182 608 87 .0

G/UIR MM3/InNg  MG/LETRE
s9e22, 19.01 42,51
11257, 24,49 53,63
13529, 29,44 64,46
15976, 34,76 70,11
18345, 39,92 - 87,40
20791, 45,24 99 .06
23601, 51,35 112,44
260606, 56,72 124,19
29966, 65,20 142,77
ap4s4, bd,02 192.73
VOLLEFF. MANIFULD=VOL.EFF.
AFT,MET  AIR=MET, SPINDI
: <00 .00 68,97
.00 <00 . 87,01
LU0 FL00 105,11
N0 LOu 128,99
<00 L00 142,55
.00 .00 157,07
1T JOU 157.60
00 T 157.10
N0 +00 154,59
.00 L00 172,43
CU=PPM CU~PP™ . cu
LT DRY G/H
1294,4  1550,0 119,47
10841 1300,0 125,64
“1ove.u 1510,0 152.24
10584,2 1ed40,0 170.78
1042,5 1250.0 197,91
1015,7 1230, 208,44
936,5 1160,0 198,46
1142 .7 1450,0 24%,22
dhel.8  11000,0 1860.27
46046,7 60000,0 11951,42
END START  TGNITLON
168, CUMB., TIMING
0 .0 27.0
N 0 27.0
0 .0 27.0
.0 .0 26,5
.0 .0 295.0
) N 2l.5
.0 . 0 21.0
.0 .0 20.5
Rt N 19.5
.0 U 17.0

BSFC
G/KnoH
1570.8

957.0

Too 8

o74.,8

626,0

593 .4

563,06

554,90

- S07,2
L]

= 27.30

BOSCH

SHUKE
.0
il
.V
U

Y

AlR/FupL=KaTIu

AlR=mEl, SPINDI

.00
.00
V0
.00
+00
L0
.00
« 00
+U0
V0

cu2=(%)

wET
8,18
KR, 20
8,20
B, 26
4,26

H,617

v.61
10,56
11,00

8,83

EXHAUST
TEMP,.C
457,90
490 ,v
S07,0
929.9
Su2,.v
565,090
605,40
641,90

667 .0
656,0

9.26
9.26
9,51
9.3y
9.31
9.0Y
AB,00
7.23
6.33
S.11

c02=t%)
DRY
9,80
9.99
.90
Y.9u
9,940
10,50
11,90
15,49
14,30
11,5

BRARE
THERMLEFF
11.49
18.46
23.54
eb. 76
28,84
30,42
32,03
32.59

51.853
26.38

CLLkSCo
SHMORE

«V
1Y
oV
]
«V
.V
Y
Y
0
Y

TemP(C) 16,5

CURRECTEDL
Alk FLUN{SEALI)
~UUu0
L0000
L0000
0000
«U000
<V0Y0
V0V 0
VUV 0
0000
0000

EGUIVALENCE=RATIU
AlR=mEl. EM]SSIUNS

«Vou
DIV
«LUY
VY
20U
« VUV
+ 00V
SVU0
Ol
00U

cue -
6/d

11868,5 .

15035,7
1807171.¢2
21425,.0
24020 ,¢
2R0106,.9

31986, 1

3%310.9
3799/ ,0
35991,y

[ AT
(%)
«0v
.U
UV
1]
NV
.0u
UV
U

-0y
Y

695
+69S
692
092
L0691
W11
B0
891
1,016
t.ébl

v e
b3
7,00
7.00
7.10
7.00
7.00
6.7y
4,50
2.60
YY)
.20

BUUST PRESS.
RATIU
LU3Y
«531
627
. 121
«b13
Y9
07
917

<236
.99



EPA/VH HRCC METHANDL (79,5mm X T73_4mm)

M E.C,/ROSCH TGHTITION = CORRECT IHJILCTORS
REFER TO FIGURE NOS. 110-116

FAPPING AT 20 RFV/SFE WITH AUTH E.G.R,

A.cardo Consulting Engingers ale 8rigge Works Sharenim by-Sea Sussex BN4 5FG

BORE STROKE MIMRE R OF CYCLF RiITAKE ATR METFK FutL H/CARBUNK CALGRIFIC MihOCHARGLD
CYLLIHDERS TYPF CONSTANT COnNsSTAR] 5.0, ~“ATIU VAaLUE urTlun
79.%0 73,40 4 u, 159.1551 L 000000 L7950 3,97 19940, 40 v
DAY MONTH YEAR TEST HAROMETFR UET BULH DRY HOLB POUWE K FrICTIUN pueat
NUMIER TEMPERATUKE  TFMPERATURE  CURRECTION nerlon [ILR N RV
28 2 HéE 17,00 T63.64 2.50 18,00 0 o0, 1
1 ENGINE SPEED (REV/S) 20,00 20,00 20,00 20,00 20,00 20,00 20,00 20,00 20,080
A IGMITION TIMING 2,00 21,00 21,00 20,00 9,50 7.50 t h( Se90 5.00
a4 FURL VOLLPE ( €¢C ) 52,00 S2.00 S2,00 52,80 52,00 52,00 102,59 102,50 102,50
2 HRARE LOAD H.hu 11,30 24,00 15,60 4,70 Hu. b8 69,30 Hl1.,. 40 935,60
S FurL TIMF ( SIC ) Q5,00 TR, 10 60,40 48, HO0 33,90 54,20 S6,00 49,30 39,660
6 FULL TEMPERATURE ( C ) 15,00 17,00 15,00 15,00 14,00 14,00 14,00 4,60 14,00
& ALR NMETER TEMPFRATURE ( C ) 14,00 14,00 12,00 12,00 16,00 16,00 15,00 15,00 loe.00
11 INTARF MANTEFOLD PRESS.(mm HQ) =497 82425 63«31 8§ ,SR=227  HH=108 .90 90,97 =bl 6B «44,37 -.75
26 EXHAUST TE™P, (POST TulRsn) 21,0 213,06 23,0 200,00 307,06 317.0 336,0 3600 3n0,0
27 EXHAHST PRISSURE (PUST TUKRRN) 5.0 3.0 $.0 5.3 6. 9,0 11.3 14,4 15.0
13 CARBON MORNXTDE ( % ) . 105 .192 . 164 .138 - 148 . 145 140 T 3,200
15 CARHRON DIUXIPE € % ) 11,500 11,600 11,500 11,500 13,300 13,500 1a, 200 1d,600 13,300
16 OXYGEW ( % ) 4900 a4, 700 a4, Tnu 4,R00  Soend 2,500 1,200 L9010 20U
12 HYDRODCARBHILS ( PPMC ) 3060.0 2760,0 230,00 1890,0 21600 1740,0 1350.0 1560,0 2190,0
14 OXTDFS OF LITRAOGEN ( PP ) =56,0 =24,0 =36,u0 ~R0,0 =220,0 =3b0,0=1050_0=1420,0 =420,0
17 INTAKFE MANIFOLD Cu2 ( %X ) LO20 1,400 1,520 1,900 1,670 1,180 LIR0 NH20 JO2U
30 amMBIFNT CO2 (%) L0 LN20 02V L0290 020 JN20 U240 0210 L0



Ricarao Conuuitng Erguteers phe Bridge Werks Shoreham by-Sea Sussax BN4 SFG

EPA/ZVA HRUC METHAROL (79,5mm X 73,.4mm)
Pl ,Co/d808CH TUNTTION - CURKRECT

[NJECTOHKS

REFER TO FIGURE NOS. 110-116

MAPPING AT 20 REV/ZSEC WITh AUTH F G R,
NATE 28/ 2/B6 TEST o, 77,0 RARGMETER T7A3 .6/ 1rm HG WET HULD TEMP(C) 9.5
RELATIVE HUMIDLTY = 29,59
HUMIDITY CORRECTION FACTOR = .78 GKAIMS UF WATER/LLb DKY Alk = 26.25
SPEED POYWEPR=(KiV) HEEP=(bar) TOROQUE= (NM) FUEL=CULSUMPT TUN +5HC BOSCH
REV/S un _CORR corw Uk ,CORR CUkR UN,CORR Cullr G/HR MMI/ZING MG/ZLITRE  G/ZKn .t SMUKE
20,00 .69 «09 M7 .07 5.50 5,50 1567, 13,64 29.48% 22hb.h )
20,00 1,42 1.42 97 .97 11.30 11,30 1902, 16,64 36,75 13359.% o)
20,00 2,89 ¢.n9 1.98 1.98 23,00 23,00 2n64, 21,952 46,96 h9?2,.5 o
20,00 4,47 a,q7 4,07 3,07 15,60 35,60 3050, 26,64 SH 12 LLY ) o\
20,00 5,RA7 S.07 Hh,0% 4,03 46,70 4h, 70 3829, 33,42 72,98 bh2.,.5 ]
20,00 7.39 7.39 S.07 5.07 Sk Ry SALHO 4356, 3R, 01 BR300 5H9.,5 ]
20,.N0 8,71 A7 5,97 5.97 69,30 69,30 5243, 45,76 9,92 oned .} o}
20,00 10,23 10,23 1.02 7.02 a1 .40 81,40 59%6, 51.98 113,50 S582,¢2 oV
20,00 11,76 11.76 K07 R, 07 93.60 93.60 7415, 6,71 141,30 630 .4 N}
MAN_PRES MAN_TEMP [NTAKE<ATR=('"3/5) ALR=MASS FREC=AIR=VOLEFF, VOL.tFF, MANIFOLL=VOL.LFF, AIH/FUEL=kATIL®
MM OHG C FREE AFT mp T KG/S AIR=MIT, SPLLNT  AFT MET  AJReMET,  SPINOT Alik=vETL, SFINOT
«-497 .82 ) L0000 L0000 L0000 .00 19,29 LN <00 52.71 o 1M 1,99
«d25,63 .0 L0000 L0009 L0000 L00 23.22 .00 .00 65.46 00 7.92
-313,58 o0 L0000 Lunno L0000 L00 30,04 .00 00 a2 67 00 1.96
«2?27 .86 .0 L0009 L0000 T U ) 37,44 LN 00 103,42 LU0 ¢ 09
«-14A 90 o0 L0000 Jhonn 000 LU0 42,35 LO0 ) 114,94 MO 7.12
-90,99 ] L0000 L0000 L0000 L00 an, Nk L00 L00 130,41 o0 7.11
67,68 .0 L0000 L0000 <N000 L0 S50,05 LU0 00 148,28 L0 6.171
44 37 .0 L0090 Laeaa LUA00 <00 SH,68 A0 L 0G 159,79 L 6,37
-.75 o0 L0000 L0000 L0000 I b5 M4 i 00 178,68 LU0 S.72
HC=PPM HC=PPIM M C NOX=PPM  HOX=PPM NOX=PPM HUX Co=Pir Clhi=ppPi cu CU2=(%) (ue=(¥)
WET (LA (4T} wt' [ nRY ORY,COR, G/ at 1 DRY G/H st Lk ¥
P4R4,S 3060,0 19,99 56,0 69,0 5.8 1.01 1502.0 185%0,0 21,14 9,54 11.50
2237.1 2760,0 21.7% 20,0 29,6 3.1 e 1556.7 1920,0 e ul @9,40 11.60
1973.3 2430,0 25,13 36,0 nyg,3 34,6 1,03 1364,3% 1680,0 3y, 39 7,84 11,50
1535,3 189a,0 24,37 a0, 9R .S 16,8 215 1t21.0 13Ky, 0 31.1¢ Y.34 11,599
1705,0 2160,0 §n, 27 220 ,0 278.7 217.9 B, 75 1168,2 14H0,0 36,27 10,50 13,30
13692 1740,0 27 .42 330,0 HR2,9 376,48 17,06 1141,0 1450 ,0 39,97 10,.6¢ 13,90
1050.9 1350,.0 24,45 10%0,0 13489 1052,4 S4,76 10898 1400,0 a4y 34 11,05 14,20
1199.6 1%60,.0 30,06 1a20,.0 1846, 6 1440 7 79,75 S382,9 7000.0 235,90 11,23 14,60
1675.3 2190,.0 48,56 fH2o .0 549,0 ngR,3 27,29 24479.3  32000.0 1241,12 10,44 13,30
PARTICULATFS H C MOX (] N2 STAKT EnD START  IGHITION  FXHAUST HEARF
G/H G/Rm.H G/KkwH G/KN N G/kW.H G/KR M Ind, INd, Cihikh, TIMIhe; TEMP L IThEVE LFF
o NO L0000 28,920 1,461 50,582  2987,01 .0 o0 N 21l.u 211,0 1.97
.00 .000 15,347 . 308 18,637 1769,22 .0 o0 ol 21,0 213.0 13,44
.00 LOo0n R, 69 « 356 19,516 113101 .0 o) i) 21,0 236,0 2l.1h
.00 <000 S.447 <036 6,956 910, 02 .0 .0 .0 20,0 260 .t 26,48
.00 .000 5.157 1,492 v,181 R72,.74 .0 o0 ] 9.5 07,0 1,61
N0 ,000 3.711 2,300 S5.4n9 791,28 .0 ! o0 7,3 7.0 30.638
.00 L0000 2.808 h, ORR 5,093 811,01 L0 o0 o0 beb 386,0 29.99
.00 L000 2.9348 7.796 23,062 155,76 o0 .0 .0 %.9 3600 3t.0t
.00 L0000 4,179 2.320 10N, H51R &RY,OR .0 o) N 5,0 Ihu, 0 FLCY)

RRY bULL TEMP (L) 1H,0

CFLESCO
Smunk

COhkECTEL
Al FLOW(SEALL
SH0D0
LG000
L0040
JO000¢
JOtUQ
L0000
Y
+0000
JO000

CQUIVALENCE=RATIO

Alk=tET, EMISSTUNS
sUBY 06
LUV Bl
ROTIXT) 09
JUUy Jaud
Y] V4
JUuy 9006
LUDY <959
LUty t el
IT) 1.126

Coe LI 4

G/t X

2064,% 4.9
251¢2.53 nelv
3200,Y A
40l ! u,bu
S121,17 2.h0
LYédo 0 2.50
Toel v 1.2u
1730 .,06 10
Hiud, v .20

fetbale HUOST FHESS,

(&) FAT L}
UU O 3un
11,9y MULE

14,04 -3

1.7 Jdue

12,41 LHOS
Ko Sy FBI
5.3% Y11
U U’

S HU JYY9



EPA/VW HRCC METHAMOL (79,5mm X T73,4mm)

M.,E.C./BOSCH IGNITION = COHRPECT THJECTORS

REFER TO FIGURE NOS. 110-116

MAPPING AT 40 &FV/SEC wllit ALTU E G,w,

Ricardo Consuiting Engineers ple Rriage Works Shorenam by-Sea Sussex 8N4 5FG

BURE STROKF HUNBER OF CYCLE HRAKE ATR METF IR FUfL H/CAFH), CALGKRIFIC TURBUCHAKRGE ]
CYLIMOFRS TYPF COMSTANT CUNSTANT S.6, FATIO VAL Ut uPllun
79.50 73.00 q 4, 159,154%1 L000000 <7950 3,97 19940 ,00 u
DAY HOHTYH YEAR T§ST RAROMETER pRY BuULy PUwi ke FRICTTUR suTryl
. NUMLF R TEMPERATURE  TEMPERATURE  CORKECTION OpPTIuN ubPllon
28 2 86 1R, 00 763,h4 18,00 fi] [’ 1
1 ENGINE SPEED (REV/S) 40,00 40,00 40,00 49,00 40,00 40,00 4u.,ud 4o 06 40,00
28 IGNITION VIMING 21.00 21,00 21,00 21,00 10,80 9,90 9.44 A, Tu 8,00
4 FUFL VOLUME ( CC ) §2.,00 %2.00 102.50 102,50 102.50 102,90 203,00 203,00 203,00 203,00
2 BRAKE LOAD 5,90 11,90 23,80 34,60 SH.,H40  A9.30 B1.50 93,70 194,50
S FutlL TIME € SEC ) 4%.90 39,50 SR 40 47 .80 32.30 SH,00 49,70 40,506 33,10
6 FUFL TEMPFRATUKRE ( C ) 10,00 10,00 10,00 10,00 14,00 14,00 14,00 19,00 t4,00
R AIR NETFER TEMPERATUNRE ( C ) 13,00 13,00 14,00 14,00 20,00 19,00 19,00 18,00 1Y,.00
11 INTAKE MANIFOLD PHESS.(mm hg)=d85,79=439,92=356,4%=205 06~15A,07=115.81 =81,97 =63,92 =36,8% =15,54
26 FXHAUST TEMP, (POST TURBO) 321.0 334,0 36S5,0 33,0 4R 0 479,00 S05.,0 502.0 4yve.n
2T EXHAUST PRESSURE (POST Tugis) S5.% 6,0 7.5 12.0 19.6 24,1 30,1 3641 a0, b
13 CARBON MONDXIDE € % ) .204 162 .162 148 154 170 1.0u0 3,700 6,000
1S CARHBON DIOXIDE ( % ) 11,700 11,500 15,600 12,500 15,1000 13,800 14,600 12,800 11,400
16 OXYGEN ( X ) 4,500 4,600 2,400 3,300 2,900 2.100 YT LNl L0
12 HYDRAOCARBUIIS ( PPMC ) 21300 1R300 f6H0,0 2040,0 2280,0 2160,0 17100 1830,0 2340,0 3120,0
14 OXINFS OF NITROGEN ( PPM ) «qu.0 =Sd,0 =R2,0 «130,.0 270,00 =U4%0,0 =b680,0 =~580,0 =~160,0
17 INTAKE MAHTIFOLD Cu2 ( X ) 1.000 1,020 2,100 1,920 1,300 1.040 sT00 S ot} s 020
30 AMBIFENT CO2 (%) 020 020 020 L0020 JN20 L0020 Y] L3 Ry



e A T,

FPA/VW HRCC METHANOL (79,%umm X 73.4mm)
Fol.oCoZ/BNSCH TGNITIUN = CURKFCT [NJECTORS
MAPPTING AT 49 REV/SFC HITH AUTU E G R,

REFER TO FIGURE NOS. 110-11¢

Ricardo Consuiting Engineers ple Bridge Werks Shorehan by-Sea Sussex ENJG SFG

DATE 2R/ 2/86 TEST NO, 78,0 RAROMETER 763,60 1k HG WET BULH TEMP(C) 9.5 DRY BULE TEMR(C) K, 0
RELATIVE HUMIDITY = 29,59
HUMIPITY CORRECTTUN FACTNKR = o TH GRAINS OF WATER/ZLB DRY alk = 26,25
SPEFD POMER=(RI) HMFFP=(har) TORWUE = (NM) FULL=CULHSUMPTION IRI® BOSCH cettstu LOGRRECTF UL
REV/S ur ,CurP CHRR U, CORR coprp UN.CORR CTORR CG/ZHK MMI/IHS MG/ZLITRE G/nah SHUKE Smunt.  allk FLOn([SELATI
40,00 1.48 1,08 91 o1 5.90 Q.90 3287, 14,10 31,04 2196, 4 o b v LUN00
40,00 2,99 2.99 1.03 1,03 11.90 11,90 37as, 16,46 36.ub 1269,5 N} U R
40,00 5,98 5.9 2.0% 2.0 23 .80 25,480 5046, 21,94 4n,08 B4, 6 o0 v )
40,00 8,70 A, 70 2,98 2,98 34,60 34,00 bloY, 26,80 5H, 7% Tu9 v ol N L0000
40,00 11,71 11,71 4,02 N 02 46,60 6,60 Tou6, 33,45 73,05 bY4U b ) N U000
40,00 14,78 1,78 5.07 H.07 5R.80 SH, M 99090, 39,67 H6 .62 6151 o0 N O]
40,00 17 42 17,42 5,97 .77 69,30 69,30 10026, 43,78 95,54 LYAT) ol ] OG0
40,00 o i 20,48 7.0% 7.03 81,50 #1,50 11701, 51,00 111,49 5711.¢2 U .U JHUUL
40,00 23.59 23,55 Hooh H,08 93,70 93,74 14354, 62,65 136,862 0y, 7/ ) WU 0o
40,00 26,26 26,26 9,01 9,01 14,50 104,50 175068, 76 bt 17,40 LI ] 0 L0uno
MAN PRES MANTEMP IWNTAKE=AIN=(13/3) ATh=MASS FREF=AIR-VUL.EFF, VOL,EFF, MAMIFULD=VOL EFF, Alh/FUEL=kAT]Y EULIVALLACE=RAT TG
MM HEG C FREE AFT  MET K/ S AlR=MFT, SPIHMDT  AFT MET  Alk=MET, SPINn] Aln=rET, SPINDIT Alr=rEl, FMEISSIURS
-4Rh5,79 o0 L0000 MUTHI R L0000 L 00 19,70 L00 L00 51,68 .0 7.87 LU0 1A
=439 92 .0 ,0000 L0000 L0000 00 23.17 LU0 JO0 60,80 1) 1.97 JU0U 08
«356,45 L0 +0000 LOnn0 L0000 .00 27,49 .00 .00 11,87 .o 7.07 LUlu i1
=265,.46 ) L0000 L0000 L0000 .00 35,21 .00 00 92,05 L0 7.41 Y JHhY
-158,67 ] L0000 L0000 L0000 L00 46,21 L00 L0 119,16 LU 7.71 an JHAS
-115,R1 ) L0000 L0000 L000n L0 51,71 L00 .00 132,42 L0t 1.23 LUty JH91
-81,97 o0 JNONY L0000 L0000 L0 Sua,71 00 LU0 140,74 LU0 6,90 ) L4es
63,92 ] JONNY SN0 LH0D0N SO0 57.69 T} N0 144,25 o1y 6,29 ] 1.024
=36 ,85 0N JNO0N RG] L0000 T 62 .13 00 L0 162,00 ] S.60 JUOU 1.1%0
-13,54 o0 L0000 L0000 L0000 .00 To.,07 .00 ] 180,06 RN S,08 U000 1,266
HC=PPpM HC=PPM H C MOX=PPM  nX=PPY  NOX=PPM HOX CO=PPM CU=PpPm cu Cul2=(%x) COe=~(%) Lue "W e
nfT DRY G/H oET DRY PRY.COR, G/ WNET DRY G/h KT iy /h 2
1723.4 2130,0 2R,63 Ho 0 49,0 38,6 1,49 1650,6 2040,0 47,96 Y, ul 11,70 4321,.0 4,50
1a486.2 f830,0 29.24 D0 66,5 51,9 2,58 131%,7 1620,0 45,27 9,34 11.50 Seidv.3 N ]
1319,.7 16806,0 50,43 820 pod 4 a4 0,24 1272.5 1620.0 51.3° 10,68 13,69 R % ¢.40
16308 2040,0 a8, 4 130,0 162,46 26,9 H,o79 1199,1 14500 oy, B UL 12,50 824l 4 3,30
1837.2 2280,0 10,63 100 ,0 1249,1 96 4 R,62 116R,4 t450.0 8,57 V.61 12.00 1H216,b a, 10
1710,1 2160,0 72.86 270,0 341,0 66,1 2h. 79 1250,9 1560,0 95,22 yn. 47 13,10 121u4,5 ¢ 90
1338.9 1710,0 h0,62 450 ,0 574,7 qan 4 45,0617 1331,1 1700,0 105,41 1,81 13,80 1360u4,.7 2. 10
1402,8 1830,0 67,.R3 HHO, 0 BB7 1 692,.1 73,70 1665,% 10000,0 648,33 1119 14,60 14kl .b oH0
1795,95 2340,0 100,39 IR0, 0 495,72 3864 47,638 2RIBY.A 3T7000,0 2776,.43 9,82 12.60 15091,5% 20
2398,3 3120,0 150,73 tao,0 P-OL ) 1624 23.14  46124,9 6uuap,.0 S204,.70 W, 76 11,40 155377 )
PARTICULATES H C H1¥) ¢ C b cu STAHI END STARY  TOGMLTLOKM  E2HAUST HNARE E.Corna BLOSE PKESS,
G/h G/KVGH /KW 1 G/KVGH /K H G/KY I InJ. Ihd. Crimis, TIVING TEp ., ThEnM EFF (%) wAT LU
.00 <000 19,306 1,004 32,341 29f4,473 .0 N .0 21,0 321,40 h, e H,3¢6 <304
o N0 00N 2,776 796 15.13%  16HA 29 <N .0 .0 21,0 334 0 ta,¢7 12.114 U424
.00 000 5,087 L1709 A SR 1131,.74 w0 .0 oV 21.0 Inh o 2l 4n 15,29 LR} )
.00 L000 9.028 1,000 6,997 947,73 o N o0 21,0 ELE Y FY 15,.2v Jhhe
.00 000 h,031 o756 6,709 872,34 Rt L0 i 1.1 413,40 21.54 te. 00 792
<00 JNON 4,930 1.74% b.30R #21,79 o0 o .0 10.8 4nn 0 29,35 9,71 JHul
<00 .000 3,480 2,622 CRUEY4 771.93% .0 .0 .0 9,9 arq,u 51 .30 7.39 Jh93
.00 000 3.512 3,598 31.692 T26 .09 L0 o0 N} 2.4 S04%,0 31,61 4,60 BT
.00 2000 4,263 2,022 117,898 640, KS .0 .0 N H,7 Sud.u 29.61 1,29 L4952
<00 L0600 . R9y JHRYL AR 17 G4t .61 ) .0 N4 LI aye 6 26,99 L0u b2



Ricardo Consulting Engineers alc Brigge Works Shoreham by Sea Sussex BN4 5FG

EPA/VW HRCC METHANOL

(79,5Smum

X 73.%mm)

M,E.C./BOSCH IGNITINN = CORRECT INJECTORS
MAPPING A1 60 KEV/SEC WITH AUTO E.G. K,
RORE STRuUKE HUbBER OF CYCLE HRAKE, ATk METER FUEL
: CYLTIDERS 1YPE consTany CONSTANT S.G.
79.50 73.10 ] a4, 169.1451 LONOONN e 7950
DAY MONTH YE AR TES1 HAROME TF WET UL DEY HULK
B TeUMGE R TEMWFERATURE  TEMPERATUKE
2R 2 86 79,00 T63,.64 9.%0 186,00
1 ENGINE SPEED (REV/S) 60,00 6£0,00 60,00 60,00 60,00 0,00 by, 00
28 IGNITINN TIMING 2,00 20,00 24,00 23,50 13,46 11,20 10,20
4 FUEL VOLUME ( CC ) 102,50 102,50 102,50 203,00 203,00 293,00 203,00
2 BRAKF LOAD Aol 11,30 23,30 34,60 4ah,60 HB,60 69,30
S FUEL TIME ( StC ) - 59,70 AR 20 3K, 20 h),60 SO.ND 482,20 37,19
6 FUEL TEMPULRATURE ( C ) 11,00 11,00 11,00 11,00 14,00 14,00 14,00
A AIR METER TEMPERATURE ( € ) 14,00 15,00 15,00 15,00 20,00 19,00 21,00
11 INTAKFE MANTFOLD PRESS.(mm Hag) =503 Bd=060,22=397,95~259,40=172,2)=127 .84 =90,24
26 EXHAUST TEMP, (PNST TURHN) JOn.0  Aat4.0 436,0 A60,0 45,0 S12,0 564,0
27 EXHAUSY PRESSURE (POST Ttikig) 7.5 11,8 16.5 ehat 33.1 41,4 S1.9
13 CARBNN MONOXIDE ¢ % ) .175 . 1605 .158 150 <130 . 138 . 165
15 CARBON DIUXINE ( % ) 11,800 11,500 13,000 12,000 12,000 £3,.3%00 14,200
16 OXYGENM ( % ) 4,200 4,700 2,530 2,700 4,000 2,960 1,800
12 HYDKOCARBOUMS ( PPMC ) 1ORO.D 1530,0 13A80,0 15%00,0 1749,.0 1200,0 81,0
14 OXIDES UF MHITHOGEN ( PPy ) =220.0 =125,0 =170,0 =2un 0 =160,u =290,0 =U444,0
17 INTAKE MARIFOLD Cu?2 ( %) LN LT20  1.H30 L HY9D 1,200 1,130 1,060
30 AMKRIFNT CU2 (2) L0220 020 P L2 JU2u JU20 L0220

REFER TO FIGURE NOS.

H/C AU,
FAT LU
3.97
PUWER
CORKECTLINN
0
0,00 o00,0U
10,00 10,00
204,00 304,00
A1 80 93,50
g8, 0y 39,60
14,00 14d,00
14,00 1R, 00
a7l 4S5 =uh 1¢
5%9.0 4So6h,0
87.9 73,7
1.300 3,900
14,500 12,700
«300 RELIY
105%0,0 1aao,0
=S4l 0 =2t 0
<HHO LU
SO0 AP0

110-116

CALUNLEIC TukbuCHA

VAL'IL HWe LG

19940, 00 u
FRIcIiun pit
up1oN ur
G,

60,00 HULO0
10,00 1.0y
304,00 304,00
103,40 112,380
34,50 29.8v
14,00 1a,00
16,00 18,00
26,37 =d,.491
Hos.,0 Snl.0
85,7 1ul.}
5,200 6,500
12,2000 10 kUL
NG L2y
15600 2700.0
=200,0 =11G,u
el e
JU2N P

wi.kn

I}
YIuh

3



* Ricardo Conuuiting Engioeers ple Bridije Works Shoreham by Sea Sussax SN4 SFG

FOA/VI HRCC METHANMOL (79.%mm X 73,.,4mn)

M.E,C./78U50H

16

NITLOH

= CURKRECT INJFLTOKS

MAPPING AT 60 REV/SEC #ITh AUTO E,.G.R,

DATE 2R/ 2/86 TEST nOg 79,0 HAROMETI R 763,64 v, n;
RELATIVE HUMIDITY = 29,59 )
HUFIDITY CORRECTION FACTNR = T8
SPEED PUWER=(Kh) HMEP=(har) TOROUE ~ (NH)
RLV/S UH,CORR CORR I, CORR CORR N, CORR Cuhk G/HR
60,00 2.30 2. 30 953 <53 6,10 6,10 5246,
60,00 4,26 4,26 .97\ 27 11.30 11,30 6H108,
60,00 a_78 A T8 2.01 2,01 23.3%n 23.30 7707,
60,00 13,04 13,040 2,98 2,78 34,60 34,60 466,
60,00 17,57 17,457 N0 4,02 T 46,60 11630,
60,00 22,09 22,09 5.05 ",0% SH,. 60 SA,60 13780,
60,00 2613 26,13 5,97 o7 69,350 69,30 15674,
60,00 30,64 30,84 71.05 7.05 #1,80 By RGO 18143,
60,00 35.25 35,29 R,o06 H,06 93.50 93,50 21991,
60,00 38,98 38,98 8,91 A, 103,40 103,40 25242,
60,00 42,34 42,34 9,68 .68 112.30 112.30 29223,
MAN.PRES MAN,TEMP INTAKE=ATH=("3/8) AIR=MASS FHREE-AIR-VOL,FFF, VOL.EFF
MM HG ‘¢ FREE AFT.MET KG/S  AIR=MET, SPINDI AFT MFT
-503,A4 .0 L0000 L0000 JNNO0N .00 21.28 .00
460,22 0 N000 L000N UL LON 25,28 +00
«357,95 o0 L0000 L1000 Lo00n 00 28,00 .00
-259,44 ] L0N000 ROLDE] L0000 0N 35,24 00
~172.21 .0 L0000 L0000 LO000 L 00 a7,09 .00
-127 .84 .0 <0000 N0y L0000 .00 52.11 N0
-90,24 .0 L0000 L0000 L0000 L00 Y6, 99 Y
70,45 ) L0000 L0000 LS00 LUn Yy, 59 J00
45,12 0 L0000 RO LH000 L00 64,30 L0
26,32 ) L0000 RUTO] Lo0NN L0 To,04 LON
-4,51 N L0000 JN000 RO 00U 7% .58 .00
HC=PPM HEC=PPM " e ROX=PPK 10X =PPE  HOX=PiM HOX CO~PPM
VWET, DRY G/ ~EF DRY DRY.COR, G/ AT
872.7 1089,.0 23,62 220,10 272.7 212.4 13,39 1414,2
12142.5 1530,0 390,54 12%,0 153,09 120,1 3,92 1340,0
1094,3 t380.0 4n .00 170,0 2tu 1 167,3 13,93 1292,9
1193,3 1500 ,0 54,19 00,0 2514 196 .1 20,36 1193%,3
1402,3 1740,.0 82,23 1ho,0 198,5 154,9 21,03 1047,7
947.3 1200.0 60,98 290,90 36T N 26,6 41 ,6% 10894
630,.3 810,090 a3 .94 490,0, 629, 7 491 .3 716,57 128u4,0
R03,6 tn50,.0 59,88 S40,0 705,.6 550,.4% 90,20 9949 14
1104,6 1440,0 94,56 210,0 27134 2i3.6 an .30 299145 ,.4
1192.1 15600 t1c.14 200,90 261,17 204,2 2,17 39736,.5
2087 .1 2T00,0 224,53 110,90 tae 3 1ty .0 26,53 50244,.4
PARTICULATES H C Ty c 0o cne STARTY END
G/H G/KwoH O/KW M G/ZKE 1 G/Kw h G/ZRY M Ind. thd.
L00 L 000 10,272 SR 29,114  3084,50 .0 )
.00 .000 9,282 2.093 17.508 1917 ,30 .0 o0
.00 000 4,553 1.%86 Y,.119 1178 .47 L0 L0
<00 000 0,159 1.561 7.267 974,34 .0 .0
+00 000 1,601 1,197 6,117 ART 21 R4 .0
.00 000 2.760 1,494 5,652 Raa, 80 U .0
.00 00N 1,682 S.31 S.993 Rin_37 .0 -0

WET HULH

MM3/1d MG/LITRE
15.34 35.51
17,72 34,60
22,36 48,96
27,46 60,13
33,83 73,84
40,09 B7,.54
45,60 99.57
52.78 115.25
63,97 139,70
73,43 160,35
85,01 185,64

o PANIFULLD=VUL.EFF,

AIR=MET, SPINDT
.00 59.51
.00 Tou. 4%
.00 79.14
00 98,18
L O 128.97
L 00 144,02
00 155.5%
00 161,57
W00 177.3%2
00 145,13
U 208,41

) Cu=pPpPM cu

O hrY G/H
17%0.0 66,95

t650,0 74,58

15R0,0 Bu.10

1500.0 94,79

1300,0 107,47

1380,0 12¢.60

1650, 156.57

13000,0 1290,84

39000.0 4479,.49

S2000.0 6S38.4R

65000,0 9454 .61
START  IGNITIOM
COMB, TIMING

W0 20,0
.0 2i4,0
N 24,0
) 23.5
.0 14.4
.0 11.2
) 10,2

REFER TO FIGURE NOS. 110-116

TEMP(C)

FHEL=CUNSUMPTIUN

GRALIMS UF wATER/LbL LRY Alhk

9.5 DY
= 26.¢é5
WSHC BOSCH
VAN T S™UKE
298,06 o
14339 ]
17,5 o0
725,17 )
6o, Y
6238 o0
60,0 Y
SHHE 3 o0
6239 o0
647,45 Y
690,35 o0

Aln/FHEL=-KAT T

Lln=rET, SHINDIT
U0 7.863
<00 d,.02
MU 7.14
.00 71.22
S 7.7¢
00 7.217
S 6.90
U 6,21
T S5.01
JUU 5.32
L 00 4,96

Clie=(%) cCcue~(i)
ok T Ly
9,54 11,80
9.54 11.50

10,31 13,00

10,18 12.80

KRG 12.00

10,50 13.30

11,05 ta,20

ti,10 14,50

9. 74 1¢.70
9,32 1¢.20
AL3SS 10,80

EXHAUST  ~ HMAARE

TEMP .G THEWM EFF

596 ,0 T.h%

n1éa,.0 1.99

3o, 0 20,548

460 ,0 24,88

LY AT 21,217

S12,.v ch, 94

S64 _u 30,09

HULth TEMPIC) 1,0

CtLESCU CURKECTE W
SMURE Al FLOGISEATY
0 LUu0o
. U LN
L0 LOUOn
o U 000
U LU0
Y L0000
N dULUD
ol LONn0u
) LUOV0
ol JUU00
.U JOUULO
EQUIVALENCE=FATIU
Alr=reT, EMISSIINS
LU0U R2e
<V0u H02
IO .90t
LU0 A
U H3S
Julu LFBS
JUou W933
LU0 1,039
UTINY) 1,140
LU0Y 1,009
00 1,290
cne n 2
/h %
Tuwd, 2 a,240
ESNIY N 4,10
10395,u .50
12770u9.3 .70
19500, 3 4. hu
| Y] 2.9
21171,¢ 1.80
221¢27.4 -1
22919.5 .3
24103,6 20
2abue 1 L0
tebott, HULST PRESS,
() wAT L
-3 o 340
by Sy
14,92 531
14,61 Lt
Y.H3 LT
", 3% RCEES
/.32 JHERe



Ricardo Consulting Engineers ale Bridge Waorks Shorenam by-Sea Sussex BN4 5FG

.00
.00

.00

L0000
000
«000
L 0N00

1,942
2,6H3
2.87117
S.303

2,925
1,143
1,082

sl

42,054
ter,083
167,736
223,823

737.00
650,22
61H, 33
SKH3, 42

.0
Y
.0

REFER TO FIGURE

10,0 5%9,0
10,0 S565,0
10,0 S63 .0
10,0 Sht 0

50,69
28,94
27,48
26,16

NOS. 110-116

S.95
2.4y
U
T



EPA/ZVY BRCC PLTHAROL (79.%mm X T73,4mm)
Mot oCoZROSCH TGHITION = CORRECT [HHJECTURS REFER TO FIGURE NOS. 110-116

MAPPLING AT 80 RLV/SEC wITH AUTEH ¢ (GLv,

Ricargo Conuuittng Ersreers plo Bridge Works Shorebam by -Sea Sussex ENG §FG

RYRE STrORP IVIAET T 1 3 (yYcLf BKAKE ATR METER F Ut L A/CAKRDIN CALOKIFIC lukbutoarit
CYl THDERS TYH cCurrsTAartl} COUMNSTANMT S.0, wWallu VALUE uriloud
79,50 73.49 4 1, 157.1551 L000000 . 1950 3.97 19740,00 ]
DAY MOBTH YEAK e ST HBAROMEL VEK wib T opdL DRY HULRK PUnk ¥ FRIcCHIun wJirul
NLIRGE P TE e RATUKE TEMPeRATURE  CuRKELT ow NP iun VAR
Pd 3 He LD 767,00 B,.50 16,00 0 0, 1

1 FHGIMNE SFEFD (1EV/S) BO_00  RO_00  AO,00  Ry,00 By,00 BO0,00
2H O TGEITICH VIMING 2H.00 2%, 00 2%,00 29%.,u0 22,90 22.40
4 FUEL VOLUKE ( CC ) 102,50 203,00 203,100 205,00 304,00 Su7,00
2 HHARLC LODAD 13.00 23,90 34,9 a7, 10 69,00 HE, 90
S FUFL 1IME ( SEC ) 31.P0 51,30 42,60 36,00 41,90 6y.%0
6 FUEL TEMPERATURE C C ) R0t a,00 9,00 Y.00 11,00 11,00
A AR METER TEUPERATURE C € ) 15,00 14,00 10,00 14,00 19,00 20,00
11 INTAKE MARTFOLD PRESS.(mm HQ) =860 ,98=000_ 06~333 Y=26H,46=1b0,9U=1U48,90
SO XHAUST TP, (POST Tullpn) o0 H05,0 526,00 Ha6,0  S9H, 0 e3P0
27 FxnAUST PRESSURE (PUST Tukb) 27,1 39,9 S4,1 12,2 1n0.v 122.6
13 CAPBON MOWOXTLF ( %) A6l 152 O NEL 124 700
19 CARBON DIOXIDE ( X ) 11,500 11,500 11,500 11,.%00 12,400 14,000
16 OUXYLED ( % ) G4, 700 4,400 a,Bu0 M,P0u 3,600 1,000
12 HYDROCARBUIS C PPIC ) DY, 0 RAO 0 BAu.0 7150,0 420,00 A80,0
1t OXTDES OF HETROGEH C 1PP4 ) =UnN, 0 =hHhHD 0 =HY, 0=1100,0=1900,0=26y0,0
17 INTARE MANTEDLL Cud (% ) L0 RG] LUty U] LURG <00
30 AMBIFNT 02 (%) LU0n <00 LON0 It SU0¢ NI



Ricardo consuiting Ergieeers ple Bridge Wurks Shoreham by-Sea Sussex EN4 €FG

SPEED
REV/S
Bo,0n
Ho,00 .
Bo,0u
B0, 00
B, 00
80,00

MAN,PIRES

PATE &7/
RELATIVE

HUNIDITY CORRECTTuN

3’86
hWALDTTY

POYER=(KW)

UL ECORR
6,53
11,81
17,54
23,08
34,648
a1,17

MAN,TEMP

MM HG t
=8460,98 oN
=400,06 .0
-333,89 N
P68 16 o
-166,94 .0
148,90 N

HC =PP HC=4"PM
HET NRY
779 .0 Q00,0
6823 Rag, o
6R2,3 rdo, 0
609,38 7900
336.4 420,0
372.5 nee .0
PARTICULATES
G/h G/RY 14

.0U 000
.00 2000
T JOun
.06 “0u0
D0 Joun
N0 V)

COMK
.53
11,48}
17.54
SR .hH
34,68
41,17

TTAKt=alK=(113/5) ALP=MASS

FREE

L00ng
U
RUTHN
ROTTNEE
LNUOY
LONn0

H C
a/n
37,0
40,7%
w9 10
91.9%
34 1%
59,17

i C
G/KW
5.71917
3.,4%0
2,799
2.194
1.004

L9952

FPA/ZVw
Mot o€ o/
MAPP TG

TS no,

FAUTDL

HME P -
Ut LG
1.12
2.3
3,01
4,06
5.%5
,. Vo

Ak ME T
JUUY
U]
O
U000
LN
Lngn

HNX=pPHm
I
oo, n
Hho( .0
Ro0,0
t1oe_
1990 0
2oun,0

X
[WANINT
T.6034
7,448
71.500
(1 YT
12.hb)
a4, e

Heee

BOSCH
AT RO R
50,0

= 372,93
= I8

(bar)
Cultere
1.12
PAI Y
2,01
g,o0b
5,95
7.06

KL/S
LULY
LU0 0O
LO0Un
U
SO000
LU0

X =P P
{.RY
H66,4
H12,.6
1009,%
13%4 1
2372.5
35%0,0

Cu
G/Rw
17,704
10,919

B,4%)

7,002

S.1Re
ed.,271

16

MT 1L
EV/SEC

Harnar FER

AT O

107,040

THREUE = (M)

TSN T Y
13,00
28,50
34,9
Nl 10
67, un
Ll Y

AlR=MET .
N
LU0
LU0
TN
LU
S

X =pia
DY, CNr,
g, 0
631 ,2
Thn, 2
1058 ,9
1hal 9
26023

cae
/7Ky it
1908, 4y
12968 01
10538.149
de4,0h
rYu 17

Tue, 12

Cubk
13,00
25,0
34 90
ar.10
oY, 00
41,90

FREE=AIR=VL JtFF.

St
b, bd
35,49
a4, 76
S0 07
62,14
Ay U2

T,
t/u
49 . hi
ol o8
131,70
AfU7,558
H89, 08
dlo 1/

START
Ind,
)

rMr . HEG

e THAGOL (Tv,9am X 73, 40m)
= CuRKILT
wlTh

INJECTNRS
Foeal,

GREALLS O

vt 1

XYV )

REFER TO FIGURE NOS. 110-116

P (C)

YaltR/Lo urY Alk =

FUFL=COLSBmP LU

G/ 1k
9244,
113487,
13713,
te2ai,
20841,
cuvle,

VOL.EHF.

AFTomt T
LU0
L0
L0
U0
LU0
U0

CO=PP
wk
140d4,%
1234,.6
1177 .8
1121.1
993 .1
542,10

LA
Inda
Y

MM/ IS ML/ THL
2. 15 4d 23
e4,75 954,25
ey, 78 oh, 33
35,24 77,31
45,35 9,29
52,38 114,068

PAMEFULY=VUOL st FF.
Alkewg T, SPLNDI
LU 68,52
LU0 4,60
LU 191,94
) 120.b0
N0 1ah .62
+U0 1d4a.01
Chi=kpPy [t
HRY u/n
16H0,0 115,95
1520,0 148,98

1450,0 140 ,¢0

13h0,0 16/,20

1240,0 179,85

7000,0 Y99 19
START  1GHLITIuUn
Clity, Vimlue

eV 25,0
) 29,y
-V 251
.0 25,0
il 224
Y 22,4

Het

Dy puLey T s L) 1olY
29.02

vSFC pdLH CtiboCu CurebClE
(YA Siagnt SMURE AT FLUALESEAL)
1420,8 Y Tl SVO00

9ud 0 oV Y L0000

Tot,? U ] LUy

bhY 4 N eV UYL

o, Y9 U oV LU

84,7 ot WU Luubhy

AIR/FUEL=RAT LU

Al=mg by SPInNp!
JOu LN
oty u,1
«UU s,1¢
] 4,1
sV l1.61
<0u a,5%0

COe=(x) (0~=(%)
ae T ukY
Y, 4 11,50
.34 11,50
9,54 1.9

9,34 11,5

9,938 12,40

10,87 14,00

EXnavual BRARE

TeMPoC THERMERF

U6, u 12,71

S04 v 18,13

S2L,.0 23,10

Y4b.u 26,34

SYH, W 30,09

[TR YL} P YU 14

tWUlvaLERLE =AU

Alr=mt .

RALY]
P LRV
ARV
LUty
2VU0U
VIV

(ue
L/
124lu,/
1535¢.5
18474 ,0
clByl, o
23250, ¢
51394 ,0

toboatc,
(4)
eV
Y]
PR
UV
Uy
UV

EmlSSIons
LT
T
L7193
9t
.P\l‘s
L4 1

w2
%

4,70
d,80
4,80
4,80
5.60
.oy

Jubd T PKRESS,.
a1
. 499
L4lB
Y]
<6590
Y. ¥4
+Huo



FEA 1,50 HRECC VW ENGLRE
1331 ¢Cn REFER TO FIGURE NOS. 51-b«

FULL LOAD PORFR CUKVE

5ORE STHOKE MUMBER OF cYciy HRRAKE AlR METER FUEL H/CARBIN CALORIFIC TURBUCHANGED
CYLIHDERS TYPE COrESTa) CONSTANT S.G. RATIU VALUE uPtionN
79.50 73.00 4 a, Y.0600 . 000000 8180 4,00 19949,00 v
DAy MONTH YEAR TEST HAROME TER WET BULb ORY BULH PUNER FRICTIUN outPUT
HUMBEI? TEHPERATURE TEMPEKATUKRE  CURKECTION QPT1UN uPTluN
16 a He 4,00 762,10 17,00 23,00 1 1. q
1 ENGINE SPEFU (REV/S) 20,00 30,00 an, 00 Su,00 60,00 70,00 80,00 90,00
2 BRARE LOAD 9.2% 6,10 Y h.65 6,50 6,42 6,15 9.9%
3 FUEL MASS ( GRAMS ) 150,00 200,00 250,00 250,00 250,00 250,00 250,00 250,00
S FTUEL TIME ( SEC ) 65.00 SH,.7¢ S2.,96 34,20 32,60 28,00 25,40 23,20
6 FUEL TEMPERATURE ( C ) 22,00 22,00 22,00 25,00 25,00 23,00 23,00 25,00
A ALR PETER TEMPFRATURE ( C ) 26,00 26,00 26,00 25,00 30,00 31,00 34,00 35,00
12 HYLROCARHONS ( PPMC ) w1710, 0=22R0 , 0=16A0,0=1485,0=1410,0=8950,0=1890,0=1980,0
13 CARBON MONOXIDE ( % ) S 000 4,400 3,700 H,600 S,.640 5,700 S,400  S,500
14 OXIDES OF NITROGEN ( PPM ) 1820, 0=1R90 0=1430,0 =HU0,0 «780,0 =930,0=1000,0=1000,0
1S CAEHON DIDXIDE ( 2 ) 11,400 12,100 12,600 12,300 11.200 11,300 11,500 11,500
16 OXYGCN ( % ) L9900 100 LH00 L 500 JAS0 LUSN <00 .9500
28 TGNITION TIMING 9,00 12.00 15,00 f&, 00 20,00 23.00 28,00 25,00
26 CXHANUST TEMP, (POST TurRpO) 397.0  A417,0 S547.0 S64,0 591,00 620,0 639,0 6H50,0

11 INTAKF MANIFOLD PRESS, (mm.Ha) 00 L0 00 JUN N0 00 N0 L00



1Icardo Conuuittng Ergieeers ple Bridge Works Shoreham by-Sea Sussex ENG £FG

—~

FPA 1,50 HRCC Vi ENGINE

1381 CH REFER TO FIGURE NOS. 51-54
H ke

FuLL LOAD POWFR CUKVE

DATE 16/ 8/82 TEST no, 94,0 HAROMF TER 762,10 My HEG WET HULB 1EMP(C) 17,0
. DRY buLB TEMP(C) 23,0

RELATIVE HUMTIDITY = 51,51

HUMIDITY CORRECTION FACTOR = 1,26

GRALINS OF WATER/ZLB DRY AIR = 66,55

$IF POAER = 0,0 RESHULTS LISTED AS G/Kn=HR ARE ACTUALLY L/HK ¢
HESULTS IN (HRACKFTIS) ant CILcULAfﬁﬁ.F«nM AlKk MFTER DAlA

POWERS CORRECTED To DIn, 70020
SPELED POKER HME P YORGUE FUFL VOLIME TR IC AIR FDEL Bol,Ee HC NOX c v cu2 HC + WuX
RLV/S Kt AR N oM G/ZKW hbk  EFFICIENCY(Y) KATIO % L/KWHK  G/KW HR  G/ZKWHN  G/KneriR  G/Kna MK
20,0 11,67 8,04 92,87 717,7 T4,0¢( .0) Sa5( «0) eh,17 4,78 13,73 188 07 675,34 18,51
30.0 20,31 2.3% 107,9) 651,9 79,4¢ ') 5.6( +«0) 27,69 S.07 12.91 149,30 645,35 18,64
40,0 29.16 10.06 116,04 Hn7.0 79,0¢ TR 9.7( . 0) 30,76 3.990 R,97 114,99 615,26 12.86
50,0 36,49 10.18 117,44 6u2,.3 AL,5¢ .0) S.4¢ .0) 2R, 11 3.4¢ S5.10 173,82 599.40 B,04
60,0 43.h03 10,03 115,75 60 b 79.4¢ o) 5.3¢( «0) eH, 14 3.45 5,80 185,91 Sou,0h6 9.2>
70,0 So,.36 9,93 114,51 bUh, 3 T71.9¢ .0) S5.2¢ .0) 27.R5 11.484 7.00 143,17 570,59 18,84
80,0 59,41 9,56 110,04 652 R 78,4 .0) 5.3¢( <0) el.b66 4,69 a,6¢ 179,80 tUl .62 13,30
90,0 96,34 Ho64 99,64 703.9 76,3¢( .N) 5.3¢( .0) 25,65 5.26 9,60 196,20 bud, S8 14,47



b

7

QOREV/S 2.HBAR

MIXTURE LOOP

BH&0Y
orE STHOKE NUMRE R OF
CYLIHOERS
9,50 73.00 4
DAY MUITH YEAR Tt
fatie

! 9 82 3k,
ENGINF SPHED (REV/S) q0,00
RRAKE LUAB 1.64
FUIL MASG ( GRAMS ) 1uu,00
FUFL T1ME ( StC ) 50,00
FULL TFAPERATURE € C ) en.00
ALK METER READING 34,00
AIR METER DEVRESSION (min,Hy) 1.20
ALR METER TEMPERATURE ( € ) 20,00
HYDROCARKBOUNLS ( PPMC ) -1200,0
CALBON MONDXILF ( % ) 1.600
OXIDES OF NITRUGEN PP ) =530,0
CARBON LIOXIDL ( % ) 15,800
OXYLEN (% ) . 350
IUNITION TIMNING 17.00
FXHAUST TH1P, (PUST Tukupn) H3N, 0

TUTAKE MAWIFOLD PRESS, (mm Ha)=a35 00

REFER TO FIGURE NOS. 55-58
CYCLF BRAKL ATR MLTER FUEL
TYPF CUNSTARI CUNSTAN S.6,
q. 9.u640 LO002HY L8160
ST BAROME TEK T pULB DRY puULB
HER TEMPERATURE  TEMPERAITUKE
00 767,R0 17.50 21,20
Q40,00 40,00 40,00 40,00 49,00
1,64 1.64 1.64 1,64 1.04
100,00 100,00 100,00 100,00 100,00
59.60 60,20 61,30 62.60 61,20
26,00 26,00 26,00 26,00 Z6,00
36,00 37,20 N0,30 44,10 Si.60
1.27 1,32 1.4b 1.58 1,93
PU,00 25,00 29,00 25,00 24,00
“ION L =1D%0,0=138D,0=18D0,0=3300,0
L1460 L1480 .130 120 190
“~730,0 /RO, 0 =3/0,0 =135,0 =1H,0
13,800 12,700 11,300 10,100 7,800
2,000 3.100 S 000 7.100 9,900
21,00 23,06 25,00 0,00 39,00
na2, 0 4i7,0 A2e.n 415,00 394,0

=N20.,00=412,5%50=393_75=363,.75=300,00

H/CARB OO
RATIU
4,00

PUWER
CUurRKECTLON
0

CALOKIF)C
VALYL
19940,00

FRICTIUM
OP 1 jun
1.

TUKBUCHARUE L

uPliun
0

uliPul
uPllun
4



Ricardo Consuiting Ergueeers ple Sridge Werks Shoreham by Sea Sussex ENG §FG

GOREV/ZS 2.5BAR

MIXTHRE LOOP REFER TO FIGURE NOS., 55-58
HNGOY
DATE B/ Y/H2 TEST 1. 38,0 BARNMETER 767,80 b .16 Ak T uLb TEMP(C) 17.5

PRY Hulp TEMP(L) 21.2

RELATIVFE HUMIL1TY = 69,41

HUMIDLITY COURRECITUM FACTOK = 9%

GRALILS UF WATER/LE DRY alr = 79,54

¢ IF POW SULTS LTISTED AS G/Ku=HR ARE ACTUALLY G/HR 3
HESUL RETS) ARL CALCULATED FROM ALIR MEIER DATA

SPEED pPult R I\ o i TORWUE FUEL VOLUME TR C ATR FUEL tBelobo HC NUX cCu cue HC + NuX
REV/S (N5 18AN [ G/ZkW HR  EFFICIEACY (%) RAT LU 3 L/RWHR  G/ZRW.HR G/Rw.HE  G/Ka ik G/RNGHK
40,0 7.21 2,50 8, b0 914,40 32.5(C 32.0) b,2( 6,2) 19,75 4,59 S5.12 He .25 1114,59 9,72
40,0 1.24 2.50 28, 80 W34 6 33.9( 34.,5) 7.0 7,2) 21,63 3.51 7.35 1,48 1125,45 10.85
40,0 7.24 P 8 80 H26,3 35.6( 35%.%) T.4C T7,4) 21.85 a,22 H,08 T.60 1111.50 12,49
40,0 7.24 2,50 28 nn B11.,.4 38,7( 38.5) Kot R,2) 22.2% S.Y5 4,26 1.99% 1ub6, 1Y 10.¢1
80,0 7.24 2.5 28 .10 794 ,6 42,7¢ ne,1) 9,3¢( 9.1) 22.12 8,28 1,608 1,99 19,549 9,.%6
49,0 1,24 2.50 cHoRO Hie.8 52,9(C 51.3) 11.30 10,.9) 22,21} 18,63 .28 16,15 104,389 14,90



4OREV/S S5,50AR

MIATURE LOODP

BN6OY
BURE STROUKE
79.50 73.00
DAY MOMTH
10 9

ENG INF
BRAKE L.OAD

SPEED

FUEL MASS ( GRAMS )
SEC )
FUEL TEMPERATURE € C )
AIR METER READING
AIR METER LEPRESSINN (mm,Ha)
AR METER TEMPERATUKRE ( C )
12 HYDPROCAREUNS ( PPMC )
13 CARBON MONNXILE € X )
HITROGE
15 CARpON DIOXIOE ( % )

1
P
3
S FUEL TIMF (
[
7
9
[

14 OXihFS OF

16 OxYeeh C 42 )
2R JGNITION TIMInNG
26 EXHAUST Temp,

(REV/S)

(POST TuPyL)

REFER TO FIGURE NOS. 59-62

iMgER OF CYCLE BRAKE AIR METER FUFL
CYLIMHDERS TYPE CONSTANT CUNITANT S,06,
4 a. 9.06400 00028 +8180
YELAR Te ST HAROME TF.K wel wuULB DY pULB
NUMBER TEMPERATUKE  TEMPERATURE
¥4 no,00 767,30 20.20 24,8¢
40,00 A9,00 40,00 80,00 40,00 40,00
3,60 3,60 3,60 3,00 3,60 3.60
150,00 150,00 150,00 150,00 150,00 150,00
S3.6H S5A, 70 ST.B0 SY9,40 60,40 99,90
2h,00 26,00 26,00 28,00 24,00 28,00
$5.00 S7,70 60,40 65,50 71,00 H1.90
1.97 2L0R 214 .37 o497 2.99
29,00 2R,00 298,00 2B,00 27,00 27,00
“1020,0 «9200.0 =990,0=12/5,0=1560,0=2190,0
1.500 L00 100 110 10 . 130
rem ) “H820,021220.0=1150,0 =THht,0 =299,0 =TH 0
13.900 13,600 §$2,800 13,000 9,700 8,490
LA00 1,700 3,200 S,000 6,900 9,000
17,00 22,00 24,00 27,00 29,00 34,00
S5CH,0 S09,6 496,99 4/7.,0 462.0 440,40
-H2,50

11 INTAKE MANIFOLD PRESS, (mm hyg)=270.,00=247 ,50=232,50=19h,1/5=157,50

H/CARBUN
RATIU
q.00

PUNER
CORKRECT JuUN
0

CALONTF[C
VALUE
19940,00

FRICTIUN
UPT[UN
H

TURBULCHAKLGED
uPltun
v

vuIPUl
ukllun
o



HOPEV/S & ,S5HAW

MIXTURE LOUP : REFER TO FIGURE NOS. 59-62
P6OY
DATE 10/ 9/82 TEST NG, 40,0 HARUMETER 767,30 M NG WET HULB TEMP(L) ¢u.Z
DKRY HUulLb TEMP(C) 24.8
RELATIVL huMIDITY = 65.061
HUMIDLTY CORRECTION FACTOR = .97
GRAINS UF WATER/LB DkY AIK = #9,09
¢ IF POwWLK = 0,0 KESULTS LISTED AS G/Kw=HK ARE aCTHALLY /iR 3
RESULTS Ih (BRACKFTS) APE CALCULATEDL Fitum Alk.;t}EH u;lA
SPEED PUYVER RMF P TORGUE FUEL VOLUMFTRIC ALR FuEL BeloEe HC U X cu cul HC + WUX
RLV/S (X} AR MN.Mm G/KA MR FFFICIEHCY (%) RAT IO % G/ZRW.HK  G/KAa HR  G/KW HR  G/8n iR b/Rn, Kk
40,0 15,89 5.48 63,21 633,2 S0,7( 51,9) b,2( 6,4) 28,51 2.71 $.92 53,448 178,061 R.63
49,0 15,89 5,48 bs, 21 999.5 R3,8( H4,0) 7.0 7.1) 30,12 2,48 9,00 7.%4 HUS,0Y 11.54
40,0 15,49 H,ub 63,21 SHR .1 S6,%( 97.2) 7.5C 17.0) 30,70 2.8 R,90 3.9% T9d, 11 11,72
40,0 16,89 5.48 63,21 572.°2 60.6( e, 0) B, 2( h,4) 31,95 3.d0 6,49 4,12 Tos 29 1u.55
0,0 15,87 S, 48 63,21 LUY N 67.3( 67,5) 9,30 9.3) 32,08 5.27 2.69 S.42 150,31 T.496

40,0 15,89 B NH 63,1 9567 ,4 77,8( 77.0) J0.7C 10,7) 31,82 8,31 .82 1,34 745,41 9.13



MIx toop

Tow Lnor REFER TO FIGURE NOS. 63-66 and 67-70
ey
RORE STHOUNE PUMHER UF CYCILE BRARE Al METER FutL H/CARBON CALURIFIC TUKBUCHAKLEY
CYLIUDERS TYDL cunstati CUNSTANI Salsa HATIU VALUE Pl luN
79,.%0 73,00 4 4, 9,0600 L000000 LB180 4,00 19940, 00 v
DAY MUNTH YEAR T1EST HAROME 1Tk WET BULH DRY BULEB Punt r FRICTIUN wuiPLT
NUMBER TEMPt KATURE  TEMPERATURE CURKECH]UN L AR DI ur Ul
15 1 83 98,00 761,70 14,00 20.00 0 1. 4
1 CNGINE SPLED (REV/S) 15,00 15,090 15,00 195,00 15,00 15,00 15,00 15,00 1%,00 15,00 15,00 15,u0
2 BKARE LUAD .00 .00 .0 00 LU0 00 L0V <00 .00 .00 N RO
3 FUFL MASS ( LRAMS ) 20,00 20,00 20,00 20,00 20,00 20,00 20,00 20.00 20,00 20.00 2u.U00 2u.v0
S FUEL TIMt ( StC ) $6,90 68,70 69,00 HY,20 65,40 72,20 69,50 66,00 J4,H) T0.8y To,00 71,50
6 FUEL TEMPERATURE ( € ) 16,00 17.00 17.00 17.00 17.00 19,00 19,00 18,00 19,00 19,00 17,00 19,090
R AR METER TEMPERATURFE ( C ) 34,00 29,00 27,00 25.00 24,00 33,00 32.00 33,00 33,00 33,00 32,00 34,00
12 HYDROCARRONS ( PPMC ) c6150.0=3150,0-4500,0=4200,0=3150,0=3000,0=2850.U=2280,0=345%0,0=3300,0=4500,U=3180,0
13 CARHOL mMONOXTOE ¢ %) b, 000 1,600 LHU00 4 ROD 2. A0DL 1L,B00 1 B0 1,600 1.R00 1.600 1,700 1,6UL0
t4 DXIDFS OF HITROGEN ( PP ) 1.4 -8, 0 -§,8 -7.0 -H, U -9,0 -8.5 -N,6 -9.0 -9,0 9.5 -71.5
15 CARMOW DIOXIPE ( %X ) 10,500 13,400 13,000 11,300 12,400 13,000 12,900 13,100 12,700 12,600 12,509 12,000
t6 NXYGER ( %X ) 1.500 1,200 2.10v 1,300 L9900 1,000 1,000 JHU0 1300 1,200 1,400 1,1u0
PROIGNITION TIMING 19,00 19,00 19,00 14,00 39,00 19,00 14,00 .00 25,00 30,00 35,00 19,00
26 (XHAUST TEMP, (POST Tuwun) 137,0 137,0 137.0 137.0 137.0 137.0 195,90 157,0 jun .o 149,09 137.v 138.0

11 INTAKE MARTFOLD FRESS . (mm bHg)=025,00=525.00=52%9,00=925,00=525,00-932,50=925,00=3725,00932,90=525.00=932.50=525%,0u



SPLE
PEV/

15,0
15.0
15,0
15.0
15.0
15,0
15,0
15,0
15,0
15.9
15.0
1S5.0

DATE 15/ 1/8%

RFLATIVE HUMIDITY
HUMIDITY CORRECTION FACTOR
GRAIMNS UF WATEK/LL URY AlK

0 PUWER
S (X

.00
.00
L00
.00
.00
L00
.00
.00
L00
.00
.00
L00

HME P
IPAR

.00
00
00
«00
o 11}
00
«00
<00
.00
U
J00
L)

MEIX Lony

IGNh Long

nu60yY
TEST NO, 98,0

= 51,00

= 1.19

= S51.68

¢ IF POAR = 0,0
RLsﬁ(TS iﬁ ;6&

TORGItE FUEL
oM /KW HK
.00 1265,4

.00 1048,0

.00 1043,.5%

.00 1216.2

00 1100,9

00 997.,°2

.00 1036,0

«00 1090,9

0N 962,06

00 1016,9

+O0 12,6

LU0 1007,0

BAROMFTER 761,70

VOLUBETREC
EFFICIENCY (%)

14,.8¢(
14,4¢(
15,2¢(
14,4
14,0¢(
15,7¢
14,2¢
15.0(
13.4¢(
14.1¢
14.2¢(
14,0¢(

. 0)
LU)
. 0)
.0)
.0)
<U)
.0)
.0)
.0)
«U)
o)
<0)

MM, HG

AIR FULE
RATIU

5.3¢(
6.3(
6.7
5.5¢(
5.9(
6.21(
6,2(
6,20
6,31
6.3¢
6,3(
6,3¢(

REFER TO FIGURE NOS. 63-66 and 67-70

wEl BuLu
LRY RULB

L Be

. 0)
. 0)
.0)
. 0)
.0)

.0)
L)

.0)
L 0)
<)

TEMP(C) 14,0
TEMP(C) 2040

ALLY 5/HK ¢
TER LATA
T.E. h C
% G/ZRN G HK
200 28,97
.0V 13,87
.00 2u.83%
L00 19.81
T 14,33
00 12.69
<00 12.61
+00 10,68
+00 14,42
.00 14,67
.00 20.01
200 14,01

NOX
G/KMHR

.13
.11
.12
.09
.10
.13
.13
.14
.13
.14
.14
W11

c o
G/Kn, iR

384,01
95,14
50,79

306,79

172.75

103,37

1ob,24

101,81
91,587
97.32

103,51
90,417

cu

G/Kh 1N

1059.90
12%2.5¢
129689
1134,481
120,04
11/73.05
1218,487
109,74
1159.55
1204.24
1195.84
1198, 7v

HC ¢+ NuX
G/ RA,HK

29.11
13,98
20,95
19,91
14,43
12.83
12,1713
10,82
14,55
14,80
20.15
14.12



C.RM /L.M.

RIARCO e
Drg. No. S. 8073
Date MARC H ‘83
RICARDO MULTI— CYLINDER HRCC

A
L\
/%(\\\

Transverse Section
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/
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\\\’\J
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‘
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View on Cylinder Head Face
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RI@Rm FIG. No. 2

. Drg. No. S, 9223
RICARDO MULTICYLINDER HRCC
: Dete MAY '82

INLET PORT DESIGN

GL. BASELINE

6983L.T/8433



RIARBO

COMSULTING ENGINEERS

3 HRCC CYLINDER HEAD

FIG.




-Vl /o

T

RIARBO

EGR SYSTEM

THROTTLE

FIG. No. l.|.
Drg No. S. 11173
Date MARCH

FROM
AR CLEANER

INLET MANIFOLD )

_J

LINEAR POTENT)OMETER -
INDICATING EGR VALVE EGR

OPENING \ VALVE

!

Uy

T0 EGR VALVE.

ATmosPriere

rMODULATED YACLUM

~—EGR FLOW

YACUUM
SUPPLY

1 EREGTRE. B\ ® NNON-RETURN VALVE
__TRANSMITTER  VACUUM
{ RESERVOIR

CONTROL b— w— ©-10 VOLT SIGNAL FROM

M.E.C. PROPORTIONAL TO

UNIT REQUIRED EGR VALVE
OPENING.
PIERBURG PART =
EGR VALVE T4KR 7.4
ELECTRO-PNEUMATIC TRANSMITTER 7.21.031.00
CONTROL UNIT PV 12.300

‘85

JPM LTD.

6448NT



RIARBO

FlgnNO- 5
Drg.Nso.

VW HRCC METHANOL 1.457L(79.5mm .x 73.4mm) pyte: 30 Apr 1986

COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS
MIXTURE LOOPS AT 40 REV/SEC 2.5 BAR BMEP

Wy A.C. DELCO IGNITION SYSTEM
L -0 BOSCH/MEC IGNITION SYSTEM
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RIARDCO

COMPARISON BETWEEN A.C.

MIXTURE LOOPS AT 40 REV/SEC 2.5 BAR BMEP

Fig«No. 6

Drg.Neo. *
VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pater 30 Apr 1986

DELCO AND BOSCH/MEC IGNITION SYSTEMS

35

Ve A.C. DELCO IGNITION SYSTEM
P m———— - BOSCH/MEC IGNITION SYSTEM
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FigeNo. 7
Rl@Rm ' Drg.No.
VW HRCC METHANOL 1.457L(79.3mm x 73.4mm) pyte1 30 Apr 1986

COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS
MIXTURE LOOPS AT 40 REV/SEC 2.5 BAR BMEP

N A.C. DELCD IGNITION SYSTEM
P - BOSCH/MEC IGNITION SYSTEM
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RIARBO

VW HRCC METHANOL 1.457L(79.5mm x 73.4mm) Dater 30 Apr 1986

COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS
MIXTURE LOOPS AT 40 REV/SEC 2.5 BAR BMEP
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Drg.No.

b S ———_ ¢ A.C. DELCO IGNITION SYSTEM
L T - BOSCH/MEC IGNITION SYSTEM

<=

=

"4

3 \

- \
1%

\
e y <
o B
\“~~ o o o o "’""»“~..\
P g

_ .

(@)

=

(§8]

O
® y

" P BV s

- 7 ‘wss

g */ \‘ -~

S0

LJ

e TS TS W O OO T WU N T D U T T e
(T4}

ho

< :

04 i

[a8]

LEAN EQUIVALENCE RATID RICH
.S 0.6 0.7 0.8 0.9 1.0 t.1 1.2 1.3




Fig.No.
RIARCO ora .

9

VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pate1 30 Apr 1986 |
COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS

MIXTURE LOOPS AT 60 REV/SEC 5.5 BAR BMEP
¥—————X  A.C. DELCO IGNITION SYSTEM

S - BOSCH/MEC 1GNITION SYSTEM
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Fig.No. 10
RIARBO Dre. No.
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10

VW HRCC.METHANOL 1.457L(79.5mm x 73.4mm) pytes 30 Apr 1986
COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS

MIXTURE LOOPS AT 60 REV/SEC 5.5 BAR BMEP

D e S A.C. DELCD IGNITION SYSTEM
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prTe

RIARCO

VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pyter 30 Apr 1986
COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS

MIXTURE LOOPS AT 60 REV/SEC 5.5 BAR BMEP

—x A.C., DELCO IGNITION SYSTEM

Flg.No. 11
Drg.No.

- BOSCH/MEC IGNITION SYSTEM
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RIZRDO S
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34

32

30

28

26

VW HRCC METHANOL 1.457L(79.5mm x 73.4mm) pater 30 Ape 1986

COMPARISON BETWEEN A.C. DELCO AND BOSCH/MEC IGNITION SYSTEMS
MIXTURE LOOPS AT 60 REV/SEC 5.5 BAR BMEP

N A.C. DELCO IGNITION SYSTEM
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GL/BF

RIARCO

BVEP ( bar)

10

YW HRCC METHANOL 1.4752 (795 mmx 78 -Ama)
ENGINE KEY-POINT OPERATING CONDITIONS

FIG.No. 13
Drg. No. SUBGE
Dse WARCH '86G

100

4+ 7 bar
+ + 5.5 bar
+ 4+ 2.5 bar
+ 1-5 bar
'DLE+ 1 1 1 J
20 40 (o) 80

ENGINE SPEED ( revis)
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Flg.No. 14
RIARDO D Ho.
VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pyte: 30 Apr 1986

COMPARISON BETWEEN CORRECT AND INCORRECT INJECTORS
FULL LOAD POWER CURVE MBT IGNITION TIMING

H——X INCORRECT INJECTORS

S —————- -5 CORRECT INJECTORS
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RIARCO

VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pote: 30 Apr 1986
COMPARISON BETWEEN CORRECT AND INCORRECT INJECTORS

FULL LOAD POWER CURVE MBT IGNITION TIMING

—X INCORRECT INJECTORS

Fig.No.15
Drg.No.
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Fig.No. 16
RIARBD Drg-No.
VW HRCC METHANOL 1.457L(79.5mm x 73.4mm) pyte: 30 Apr 1986
COMPARISON BETWEEN CORRECT AND INCORRECT INJECTORS

40

FULL LOAD POWER CURVE MBT IGNITION TIMING
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F1g.No. 17
RI@Rm Drg.No.
VW HRCC METHANOL 1.457L(79.3mm x 73.4mm) pate: 30 Apr 1986

COMPARISON BETWEEN CORRECT AND INCORRECT INJECTORS
FULL LOAD POWER CURVE MBT IGNITION TIMING
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VW HRCC METHANOL 1.457L (79.5mm x 73.4mm) pater 30 Apr 1986
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Fig«No. 108
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VW HRCC METHANOL 1-457f ( 79-5mux 73 -4ma)
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VW _ HREE METHANOL 1:457L [72:Smmvy 73 -4mm]
HC -~ HNOyx  TRADE OFF
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—— - TOWARD MINIMUM NOx

FIG. No. 121
Drg. No. ©SG6303
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YN HRCC METHANOL 1-457L (795 mmx 73-40n)

FIG. No. |22 )
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VW HRCC METHANOL 14574 (79-5anx 73.-4nm)

FIG. No. 123
Drg. No. DS 327

ENGINE MAPPING - BSFC CONTOURS(g/kW.h) Dste  JUNE'86
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YN_HRCC METHANOL 1:4574 (79.5 mnx 73 4 wn)

ENGINE MAPPING -EQUIVALENCE RATIO CONTOULRS
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FIG. No. 124
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ENGINE MAPPING - BRAKE THERMAL EFFICIENCY CONTOURS(Y

VW HRCC METHANOL 1. 4570 ( 79.5 0 x 73 -4us)

FIG. No. 125"
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Rl@R[D FIG. No. 126

ENGINE MAPPING - 1IGNITION TIMING CONTOURS (°E) Date  JUNE ‘86
ME.C. ADTO FUELLING /AUTO IGNITION / AUTO EGR
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YW HRCC METHANOL 114574 (795 mm x 73 -4 o)

ENGINE MAPPING - BS NO, CONTOURS {g/kW-h)

FIG. No. 127
Drg. No. DS 400
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VW HRCC METHANOL 14572 (79 -5 x 73 4 mn) Drg. No. DSG4OI
ENGINE MAPPING - B.S HC CONTOURS [ g/ kW.h) Date  JUNE'8BC
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YW. HRCC METHANOL 1:487L (712 S mmx 75 4em]
EXAMPLE OF TRANSIENT TesT
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