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PREFACE 

This report presents the work unjertaken by APACE RESEARCH LTD., 

to evaluate the performance of a Diesel Engine when fuellerl with 

Surfactant Stabilized Hydrated Ethanol/Distillate Emulsions 

containing. Ignition Improving Additives. The work was funded by 

UNIDO under project US/GL0/83/039 - Blending of Alcohol with 

Diesel Fuels. 

APACE RESEARCH LTD. has developed an effective distillate/ 

alcohol emulsifier technology for the blending of hydrated alcohols 

with distillate and the use of "diesohols" in unmodified Diesel 

Engines. Up to 30% substitution of Diesel fo~ Ethanol can be 

achieved with minimum engine modification. 

The report describes a test programn:~ undertaken to evaluate 

the thermodynamic performance of a commercially available, 

unmodified engine with ethanol/distillate emulsions containing 

varying proportions of different ignition improvers. Experimental 

equipment, procedures and resul~s are described. The significance 

of the results ar~ discussed and recommendations for further 

activities involving vehicle trials and fleet tests in Developing 

Countries are presented. 

• 

• 
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Explanatory Notes 

Besides the conman abbreviations, symbols and terms, the following 

have been used in this report: 

ARL 

BTDC 

deg 

ION 

kPa 

lbf 

NM 

rpm 

SFC 

TEGDN 

Apace Rese~rch Ltd. 

Before Top Dead Centre 

Degrees 

Iso Octyl Nitrate 

Kil.:. Pascals 

Pounds Force 

Newton-Meters 

Revolutions per minute 

Specific Fuel Consumption 

Triethyleneglycoldinitrate 

Mention of the names of firms and co11111ercial products does n~t imply 

endorsement by the United Nations Industrial Development Organization. 
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EXECUTIVE SUMMARY. 

ALCOHOLS AS FUELS FOR UNNODIFIED DIESEL ENGINES 

* The use of alcohols as extenders of gasoline fuels has led to 
significant implementatio~ of "gasohol" in several countries 
(e.g. Brazil). 

* The ratio of distillate to gasoline usage in developing 
countries is ~uch that an extender for distillate is far more 
necessary than an extender for gasoline. 

* Distillate is an income producing fuel having 
play in the agricultural, goods and product 
industrial sectors thus further strengthening 
suitable extender. 

a vital role to 
transportation and 
the need for a 

* A number of countries have surplus ethanol or the capacity to 
produce ethanol and could significantly achieve foreign exchange 
savings from substituting domestically produced ethanol for 
imported crude oil or refined distillate. 

* Ethanol production for fuel is labour ra~her than capital 
intensive and provides real opportunity for effective 
decentralisation in developed nations and a strong base for 
third world countries. 

* While the technology for mixing hydrated ethanol with gasoline 
is relatively straightforward, in the past it has not been 
possible to produce an econom~~ai stable bl~nd of hydrated 
ethanol and distillate, i.e. "d~esohol". 

* Apace Research Ltd. has developed an effective distillate/ 
alcohol emulsifier technology that, for the first time, enables 
the practical and economical bl~nding of hydrated alcohols (both 
ethanol and methanol) with distillate and the use of these 
diesohhols in existing, unmodified diesel engines. 

* The level of ethanol substitution that can be readily achieved 
is: 

15% ethanol 

2S% ethanol 

30% ethanol 

- No P-ngine modifications or ignition i~prover 
required. 

- No engine modification required, fuel and/or 
timing re-adjustment may be desirable. 
Ignition improv~r required. 

- No ergine modlfication needed in maj~rity of 
cases, however some fuel injection equipment 
may require modification. In some cases new 
fuel {njection equipment will be required 
leading tu possible e~gine changes. 

Etnanol substitution in ~xcess ~f 30% is not recommended for un
modifi~d existing iie?el enginea. 
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At the 15% substitution level rapid and flexible implementation 
of a diesohol technology is possible and can be followed by the 
gradual introduction of higher substitution levels. 

* Patents have been granted for the technology in five count~ies, 
including the United States and Australia, and futher patent 
applications are pending in 30 oth~r countries. 

* Agreements have been made with two major international companies 
Albright & Wilson Limited and Shell Internationale Research 

Maatschappij B.V. (Shell}. 

Albright & Wilson has been granted 
licence to produce and •arket 
diesohols. 

a world-wide non-exclusive 
the Apace emulsifier and 

Shell has been granted a world-wide 
research and development programme 
diesohols. 

licence to undertake a 
covering optimisation of 

Shell has also been granted th~ right of first refusal to the 
second world-wide non-exclusive licence to commercially prod~ce 
and market the Apace emulsifier and diesohols. 
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ABSTRACT 
=z====== 

The thermodynamic performance of a FORD 3000 diesel engine was 
evaluated on an engine test bed using stable ethanol/distillate 
emulsions containing varying proportions of different ignition 
improvers. Additionally a limited road test using a Toyota 
Landcruiser was also performed. 

It has been previously shown that increasing the alcohol content c 
of an alcohol/distillate blend (includ~ng emulsion) decreases 
both the ignition quality (cetane number) and the calorific value 
of such a blend. In a diesel engine th? effect of the inrmec 
leads to knock or quench but can increase the thermal efficiency, 
while the latter results in a JOwer drop. 

Previous tests and subsequent discussions with major engine 
manufacturers have indicated that an ethanol/distillate emulsion 
containing 20% by volume ethanol without ignition improving 
additives is extremely marginal as far as ignition delay and 
knock ar~ concerned. In fact engine manufacturers would not 
approve the- use of an emulsion containing in excess of 15% v/v 
ethanol without ~gnition improving additives. 

The purpose of this project was to evaluate ignition improving 
additives of two types, one which enhances the ignition quality 
of the continuous distillate phase, the other affecting only the 
dispersed alcohol phase. Also investigated was the effect of 
variations in injection timing and establishment of the aptimum 
timing for an ethanol emulsion. 

The results obtained have shown that the alcohol compatible 
ignition improver Triethyleneglycoldinitrate (TEGDN) is extremely 
effective in reducing ignition delay and knock throughout the 
engine speed and load range. The cold starting characteristics 
of the Toyota Landcruiser were also substantially enhanced. The 
quantity required was only 75% of that recommend~1 by the 
supplier for use with ethanol as the sole fuel in diesel engines 
and it may be beneficial to reduce this ouantity even further in 
order to achieve improved thermal efficiency. 

The timing changes showed that as far as engine performance was 
concerned there was minimal difference betweeen the distillate 
and emulsion containing TEGDN in terms of power, thermal effic
iency, ignition delay and combustion pressure char~cteristics. 
Retarding the timing improved the performance of the engine on 
both fuels. There was however a dramatic increase in observed 
smoke on distillate with retarded timing which was not evident on 
the ethanol/ distillate emulsion. 

It should be noted that most engine manufacturers set the timing 
slightly advanced and sacrif icc some performance for smoke free 
exhaust. The timing using the em11lsion could therefore be set to 
the optimum and ome of the loss of performance due to the lower 
calorific value regained. 
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ETllANOL/DISTILLATE EMULSIFIED BLENDS IN DIESEL gNGINES. 

An Evaluation of Diesel Engine Performance wher. Fuelled by 
Surfactant Stabilised Hydrated Ethanol/Distillate Emulsions 
containing Ignition Improving Additives. 

1. INTRODUCTION 

Apace Research Ltd. (A.R.L.) is a non profit company concerned 
with the research and development of renewable energy 
technologies mainly in the biomass sector. It is especially 
involved in the production and application of alcohols with 
emphasis on fuels for diesel engines. 
The company competes for research funds from governments and the 
privat~ sector and in addition has a capacity for internally 
funded research in these and o~her areas. 

A large proportion of the R.& D. as well as marketing effort of 
A.R.L. to date has been directed towards developing energy 
efficient means of production and utilisation of the alcohols, 
ethanol and methanol. The reasons for encouraging the 
implementation Qf fuel alcohol industries/utilisation include : 

* Concern over guarantee of supply of distillate and it's 
cost. 

* 

* 

* 

* 

Alcohol production is strongly linked to the agricultural 
base. Because of economic limitations impo3ed by the 
transport cf large quantities of biom2ss feedstock, alcohol 
for fuel production is effectively a labour intensive 
industry and provides real opportunity for effective 
decentralisation in developed nations and a strong base for 
third world countries. 

Compared to coal and oil shale conversion to synthetic 
hydrocarbon fractions, alcohol pro~uction is not capital 
intensive. Furthermore, in the case of methanol produced 
from r.on-renewable resources, i.e. natural gas or coal, 
it's cost is already competitive with petroleum based 
fuels. Methanol is also ava~lable as a by-product from coal 
or natural gas to synthetic gasoline processes, for example 
Sasol and Mobil processes respectively, and hence could 
readily be utilised as both a gasoline and distillate 
extender. 

When produced from biomass, fuel alcohol does not resvlt in 
cumulative increase of atmospheric carbon dioxide. 

In order to avoid competition for land for food production, 
more effective land utilisation and the development of 
integrated, multi-purpose agriculture and horticulture will 
be encouraged. 

* In a broad view, alcohol is a valuable feedstock for the 
chemical indust~y generdlly. 
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In the applied sense, the research 
directed towards resolving thre~ 
alcohol industry. These are : 

effort of A.R.L. has been 
major criticisms of the fuel 

* The absence of a cost and performance effective method of 
using alcohols in diesel engines. 

* In relation to ethanol for fuel, the high processini energy 
requirement of conventional technology, in particular that 
of distillation, often results in an overall negative 
enerry balance for the fuel. 

* The lack of a low cost and ef f Pctive waste treatment 
process for fermented biomass. 

While patent applications have resulted from work in all 
areas the msin marketing effort to date has concerned the 
technology for extension of distillate with alcohols. 
technology also constitutes the subject of the UNIDO 
project reported here. 

2. EXTENSION OF DIESEL FUELS WITH ALCOHOLS 

2.1 Background. 

three 
A.R.L. 

That 
funded 

Since even hydr~ted me~hanol or ethanol are eaeily made miscible 
with gasoline, such blends received world-wide attention and in 
several countries significant "gasohol" programmes are under way. 

However, because of a nu11~~r of hitherto technical difficulties, 
the widespread use of alcohol~ in diesel engines has not been 
realised. This has created impediments to future fuel alcohol 
industries in a number of Wdys : 

Studies on the economic feasibility of alcohol fuels have 
been limited to considering the use of alcohols in the 
gasoline market ~nly. 

Because of incre~sing demand for distillate world-wide, and 
because of the relative!y inflexible ratio of gasoline to 
di~tillate in t~e refining operation, cracking to satisfy 
distillate demand results in gasoline surplus or lower 
quality distillate. If alcohol substitution occurs only in 
the gasoline market the refinery balance is further 
aggravated. 

Since the great bulk of fuel consumed by income producing 
activity is distillate, alcohols have, by default given 
added i~portance to other alternatives ~xclusively for 
distillate, such as esterified vegetable/ animal oils/fats. 

However it should be recognised and stressed that for the 
gasoline and distillate mark~ts a common extender for either 
market as the situation demands is highly desirable. 
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A.R.L. has developed a technology vhic~ enables the pcactical and 
economic blendin~ of hydrated alcohols and distillate and the use 
of such blends in unmodified existing diesel engines. 

The commercial value and importance of this inherently simple 
concept and technology lies in its potential benefits for a broad 
spectrum of interests 

2.2 

At a national level, the direct substi~ution of 
domestically produced alcohols, from whatever source, for 
impor:ed petroleum products, benefits through savings in 
foreign exchange. In this context it is also important to 
note that falling or low world crude oil prices can result 
in increasing domestic consumption, which can aggravate 
balance of payments, particularly for those countries 
heavily dependent on the importation of refin_d_or crude 
petroleum products. 

By allowing for a m3rket to be created for methanol as a 
liquid transport fuel, the A.R.L. technology can give added 
incentives and markets for major coal and/or gas resource 
development projects which may be suffering a downturn in 
their more traditional markets. 

Considering petroleum refining operations, even in the 
short t~rm, indicati~ns are that critical probl~ms of 
refinery balance and ef ficicncy of operation will be 
encountered d~e to a rapidly increasing market demand for 
distillates and leaJ free gasolines,and the falling quality 
of crude cracking stock for their production. The ability 
to cffset this trend by the substitution of alcohols for 
distillates is thus of considerable significance and value 
to refinery practice. Further the ability to extend the 
automotive distillate market sector with alcohol may allow 
the refineries to ~roduce more aviation turbine fuel 
without greatly upsetting the gasoline-distillate balance 
at the refinery. Alternately, should the local demand and 
refinery practice be such that the shortage is in the 
gasoline rather than the distillate sector then "gasohol" 
can be easily produced. 

Technology Description and 
Rationale. 

Research and Development 

Opportunities to use methanol or ethanol directly as distillate 
extenders, as opposed to their indir~ct use in esterified 
vegetable oils, continue to arise on b~th local and national 
levels as a reflection of changing socio-economic circumstances, 
and out of foreign exchange savings considerations. 

At the present stage of implementation of alternative fuels 
however, s•tch opportun.l.ties , and the optimum lP.vel of alcohol 
substitution are often the subject of particular sets of 
circumstances ~hich in themselves ~re subject to change. 
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Thus. maximum flexibility in the level of alcohol substitution is 
an important consideratiou when assessing the known methods of 
achieving alcohol substitution in existing diesel engines in 
particular. 

In general terms, the current methods of achieving alcohol 
substitution in diesel engines involve modification of the fuel 
to suit the engine, modification of the engine to suit the fuel, 
or a combination of both. The methods are conveniently summarised 
in Table 1. (Page 9) 

Alcohol cannot be used as the fuel in compression ignition 
(diesel) engines because the high self ignition temperature and 
high latent heat of vaporisation result in unacceptable ignition 
delay leading at best to severe knock and at worst quench (no 
ignition at all) without the use of ignition improvers. Changes 
are almost certainly required to the fuel injection system and 
lubricants need to be added to the alcohol. 

However, when considering t~e introduction of alcohol extenjed 
transport fuels into the estabLished infrastructure, blends to 
about 15% by volume of alcoh3l a1e usually of prime interest. As 
to the available choi~es of achieving at least this level of 
substitution, there is a choice of two approaches. These are 
-dual fuel systems or blended fuels. 

In the dual fuel system, alcohol and distillate are kept in 
separate tanks and metered to the engine via separate 
arrangements. A control system is employed to limit the amount 
of alcohol admitted to the combustion chamber under those 
conditions where extended ignition delay would otherwise occur. 
Such s~stems have been shown to work, but the costs to retrofit 
existir.g engines are considerable, and there is the added 
complication of fuelling with two different fuels. Additionally 
the resale value of such vehicles can be substantially reduced if 
on resale it is moved to an area where no alcohol is available as 
an extender. 

The blended fuel approach incorporates modifying the fuel so that 
little or no modifications are required to the engine or fuel 
injection equipment. From the user point of view this is by far 
the best approach. 

Further, in relation to strategy and programme for the 
introduction of fuel alcohols into the established transport 
infrastructure it should also be noted that an advantage of the 
blended fuel aproach is that the successful use in engines of 
blends containing in excess of 15% by volume alcohol requires the 
incremental addition to such blends of a suitable ignition 
improver with possible progressive fuel injection equipment and 
engine adjustments or modifications. 

• 

• 
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Thus in this way, with existing diesel engine population, the 
blended fuel approach allows for progressively higher levels o~ 
alcohol substitution coincident with alcohol availability, while 
still retaining a high degree of flexibility in relation to 
engine fuelling. 

The obvious starting point for the blended fuel aprroach is to 
mix hydrated alcohol and distillate together in one tank and then 
assess engine performance when running on the mix. 

Unfortunately, although strictly anhydrous ethanol and distillate 
are miscible at high temperatures, the presence of even 0.05%(v%) 
water in the mixture causes phase separation. Since even so 
called "anhydrous alcohol" often contains at least 0.5% (v%) 
water it is virtually impossible to obtain a homogeneous mixture 
of ethanol and distillate. Further even strictly anhydrous 
methanol is immiscible with distillate. 

One method of overcoming this problem is to form an emulsion of 
the ternary system alcohol/distillate/water by use of chemical 
emulsifiers. 

To this end A.R.L. has developed a new surfactant for producing 
emulsions of such ternary systems which in addition to producing 
long term stable emulsions is also economical in use and 
environmentally acceptable. It also exhibits compatibility with 
distillate only operation and high tolerance to water ingress. 

The precise composition of the surfactant is still proprietary 
but it essentially consists of a mixture of a poly 
(ethyleneglycol-styrene) copolymer and a poly(butadiene -styrene) 
copolymer. Thus only the clements carbon,hydrogen and oxygen are 
present. 

In terms of physical chemistry of the emulsions, 
types: 

there are two 

Alcohol/water as the dispersed phase in a continuous phase 
of distillate, termed EW/D, 

Distillate as the dispersed phar,e in a continuous phase of 
of alcohol/water, termed D/EW. 

The preferred type for a number of reasons is the EW/D type. 

The structure of the emulsions also allows other additives, such 
as ignition or combustion improvers, which are compatible with 
either the distillate or the alcohol phases to be incorporated 
into the emulsions. This broadens considerably the range of 
additives available. 

General criteria used in the development of A.R.L. "diesohols" 
are on two fronts , commercial and physical, as follows. 



Table 1. COfiP~~RISON OF CURRENTLY AVAILABLE METHODS FOR ACHIEVING SUBSTITUTION IN EXISTING DIESEL ENGINES 

% ALCOHOL SUBSTITUTION 

0 10 20 30 40 so 60 70 80 . . . . . . . 
BLENDED FUEL DALCO DALCO CHF.MICAL EMULSION PLUS IGNITION/CETANE IMPROVER APPROACH CHF.MICAL EMULSION 

(Modification of Low cost, I IncreasinR enRine modjfication ~eqtired alcohol fuel to suit Unmodified engines1 
the existing diesel Compatible with I 

Det.:reasing 1:ompati bi lity ~·it h diesel only operation 

engines) diesel only engine1 
Increasing engin~ ~evelopment costs 
Yater tolerant over whole range operation. I 

Water tolerant I 

MECHANICAL MECHANICAL EMULSION PLUS IGNITION/CETANE IMPROVER 
DUAL FUEL AND F.MULSION 

MECHANICAL 
Installation needs' MODIFICATION 

APPROACH comprehensive mods: As for chemical emulsion plus ignition/cetane improver 
to fuel system. Complication of fuelling with two different fuels 
High installation 1 

(Modification of costs. 1 

existing diesel I 
I 

engines to suit 
alcohol fuel) ASPIRATION 

Complicated engine and fuel injection equipment modifications 
r~quired. Can be compatible ~ith diesel only operation. High 
engine development costs. Complications of fuelling with two 
different fuels. 

I 

DUAL INJECTION 

As for aspiration, at greater cost but 
gives superior performance. Alcohol fJel 
may require lubricant additive. 

SPARK IGNITION SYSTEMS 

'\ 

90 . 

-
Not compatible with diesel only engine operation. Fuel may require 

lubricant additive. High engine development costs. 

,. " ~ 

------~-~---

100 

,_ 
~ 

I 

.. 
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2.3 Commercial suitability criteria: 

- To enable the use of lower cost hydrated alcohols containing to 
at least 10% by volume water. 

- The cont1ibution to the cost of diesohols due to surfactant and 
its incorporation to be reiatively insignificant. The A.R.L. 
method of preparation of diesohols is as follows: 

A surfactant concentrate is prepared and then metered in 
the correct proportion with likewise metered quantities of 
distillate and hydrated alcohol and passed through an 
in-line, high shear mixer or low pressure ultrasonic 
homogeniser to achieve a dispersion of hydrat~d alcohol in 
distillate. 

- Total surfactant concentration to be less than 1% (w/v) (i.e. 
less t~an 10 grams per litre of blend). 

- The raw 
comprisiJg 
low cost. 

materials for the manufacture 
rhe surfactant to be common, 

of the compounds 
widelv available and 

2.4 Physical suitability criteria: 

- On storage, which ensures mini~um loss of ethanol 
ration, stability towards phase separation to be in 
12 months. 

by evapo
excess of 

To be suitable for use in existing diesel engines and 
no or minimal modifications to be made to the engine 
injection system. Also the EW/D type "diesohols" 
miscible with distillate in any proportion. 

- An absolute viscosity not largely different ~rom that of 
motive distillate (2.5-3.5 centipoise @ 38 deg C). 

require 
or fuel 

to be 

auto-

- To be physically stable at high pressure and temperature. This 
is particularly relevant to thz high volume of return line fuel 
which characterises particular types of fuel injection systems. 
Portion of such fuel has been subjected to the maximum 
operating pressure and temperature of the fuel prior to return 
to the fuel tank. 

- Hydrated alcohols have poor lubricating qualities. An EW/D 
emulsion reduces the risk of increased corrosion/erosion of 
mechanical parts by hydrated alcohol. 

- The surfact~nt not to adversely 
components, lubricating oil, etc. 

affect any mechanical 

- The surfactant not to release uns.cceptable pollutants upon 
combustion. 
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3. PROJECT DESCRIPTION. 

3.1 Project objectives. 

This UNIDO funded project furthers the work already carried out 
by Apace Research Ltd. to establish the feasibility of extending 
distillate fuel supplies by the addition of ethanol. especially 
in developing countries. 

Prior work by Apace was aimed at establishing the ethanol 
substitution level possible without the use of ignition 
improvers. It was concluded that. on the engines then tested, 
20% substitution was the 1 imi t. Since then, however, further 
testing with different engines reduced r.his level to approx. 
15%. This lower figure is l!lore acceptable to engine 
manufacturers. 

The objective of this project was to establish the raaxi~um level 
of ethanol substitution possible, by the addition of s~itable 
ignition improvers to emulsions to reduce the degree of knock dn~ 
quench resultirrg from the use of ethanol in excess of 15% , 
without incurring high fuel or engine modification costs. 

3.2 Project Work Program 

* Establish the effect of different types o! ignition improvers 
on the thermodynamic performance of a suitably instrumented 
diesel engine ( specifically a FORD 3000) mounted on a test 
bed and connected to a dynamometer. 

* Establish the optimum injection timing for the emulsion fuels. 

* Establish the maximum economic level of alcohol substit1Jtion 
possible for existing unmodified diesel engines. 

* Perform chassis dynamometer testing and road trials in a 
suitable vehicle. 

3.3 Hain Findings and Hain Conclusions 

Two commercially available ignition improvers were tested, one 
(Isooctyl nitrate (ION)) is already widely used to improve the 
ignition quality of distillate. and the other (Triethylene
glycoldinitrate (TEGDN)) is spe~ifically formulated for use in 
diesel engines modified for 100% ethanol. 

It was found that ION did not r~duce ignition delay and knock to 
any great extent when used in the recommended quantities (0.2 
-0.4% of the emulsion) but projections show that somewhere around 
0.8- 1.0% could give acceptable results in a 20% emulsion. 

.. 
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The product containing TEGDN supplied for evaluation,"Alcoolita", 
also contained dibutylphalate and diphenylamine as stabilisers 
(present to ensure product safety), castor oil,other lubricants 
and an anti-corrosive agent. 
The quantity of TEGDN alone required for acceptable engine 
performance is 3.1% of the alcohol content of the emulsion. 
Therefore the percentage needed for, say, a 25% emulsion would 
constitute 0.78% of the total emulsion volume. 

3.4 Dies~l engine thermodynamic performance. 

The assesment of engine thermodynamic performance was based 
mainly on the following criteria: 
* Maximum cylinder pressure 
* Maximum rate of change of cylinder pressure 
* Ignition delay i.e. the number of ~egrees of crankshaft 

rotation occurring between start of injection and start of 
combustion. 

Torque, Power, Specific fuel consumption and Thermal efficiency 
are considered of secondary importance in this instance, however 
they were not ignored. 

Maximum cylinder pressure. 

The maximu~ pressure reached in a cylinder during combustion is 
mainly determined by the applied load and injection timing with 
the emulsion alcohol content having only minor effects. Table 2. 
shows this quite clearly where for example at 20 deg static 
timing the difference in cylinder pressure between the two 
extreme fuels (these being emulsion + 0.62% TEGDN and 20% ethanol 
emulsion) is only 1.2 bar at full load whereas a change in timing 
of six degrees causes a change in pressure obtained with 
distillate in excess of 6 bar. The effect of the different fuel 
type on engine cylinder pressure is more significant at lower 
applied loads but of course the pressures are also much lower. 
An example of "tailoring" the maximum cylinder pressures of an 
alcohol emulsion is also shown where almost identical cylinder 
pressures are achieved throughout the load range for distillate 
at 20 degrees and 25% ethanol emulsion containing 0.78% of TEGDN 
at 18 degrees static tim~ng. 

Maximum rate of change of cylinder pressure. 

At any given engine speed this is dependent on 
* Ignition quality of the fuel 
* Dynamic injection timing 
* Applied load 
and is probably the most important of the thermodynamic criteria. 
Too high a rate can result in a destructive knock condition 
whereas too low a rate will lead to an inefficient thermodynamic 
cycle. 
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Table 3 shows the relationship between the various fa~tors. The 
inter-relationship is quite complex. In the example sel~cted a 
12 degree change in timing changes the rate from lq.1 to 11 
bar/deg ~nder full load conditions on distillate which is 
equivalent to a reduction of 42.6%. A load change from full load 
to 1/3 load at 20 deg using the same fuel reduces the rate by 
47%. The highest rates of pressure rise are obtained using the 
E20 emulsion with no ignition improvers. The addition of TEGUN 
to the 20% emulsion has the effect of modifying the ignition 
quality. as far as rate of pressure rise is concerned, to being 
almost equivalent to that of distillate. The E25/TEGON at 18 deg 
BTDC exhibits a lower rate of pressure rise at full load, however 
part load match with distillate at 20 deg is very close. 

TABLE 2. Maximum cylinder pressure (bar) 

STATIC TIMING 14 deg 20 deg 26 deg 18 deg 

-------------- ---------- --------------- ---------- ---------
LOAD DIST TEGDN DIST E20 TEGDN D1ST TEGDN E25/TEGDN 

-------------- ----- ----- ----- ---------
Full 89.8 88.6 96.2 97.1 95.9 103 1G2 96.9 
2/3 66.8 69.6 75.4 78.8 76.7 85 85 75 
1/3 56.6 51.6 61.4 65.3 60.5 67 66 61 

-- ---- ------
Notes: Static timing is expressed in degrees BTDC. 

DIST = 100% automotive distillate 
E20 = Emulsion containing 20% v/v hydrated ethanol and 

no ignition improvers. 
TEGDN= Emulsion containing 20% v/v hydrated ethanol where 

the alcohol contains 3.1% TEGDN. 
E25/TEGDN= Emulsion containing 25% v/v hy~rated ethanol where 

the alcohol contains 3.1% TEGDN. 
LOAD = These are nominal loads only.and FULl,,2/3 and 1/3 

are for identification only, h~wever part loads 
are identical for all fuels. Thus 2/3 load is the 
same for any speed.fuel or timing test condition. 

Results apply to an engine speed of 1400 rpm. 

TABLE 3. Maximum rate of cylinder pressure rise (bar/deg) 

STATIC TIMING 14 deg 

-------------- ----------
LOAD DIST TEGDN 

-------------- -----
Full 11 10.8 

~~~~-~~~~~~~~~~1~~~~~~~~~i ~~~~~~~i~ 
15.7 22.2 15 19.1 20.2 14.2 

2/3 8.2 8.3 
1/3 6.8 4.S 

10.7 13.7 9.9 114.1 14.5 11 
8.3 10.2 6.9 9.6 8.9 7.2 

--- --- -- --- ------
Notes: As per Table 2. 

.. 
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Ignition delay. 

There is a tendency by most other researchers into thermodynamic 
behaviour to express the ignition delay in terms of time only, 
this being taken from the point of comaencement of injection (as 
determined by needle lift diagraas) and commencement of 
combustion (determined by the inflection of the cylinder pressure 
curve). Although the Apace equipuent has the ability to 
deteraine t~ese times, ve believe that the sensitivity of the 
delay expressed in terms of degrees is greater than in terms of 
time alone. Thus the results on which decisions can be made have 
been based on the degree mode. 
As Table 4 shovs the ignition delay is mainly affected by 
injection timing (over the 12 degree range). The load has very 
little effect at more retarded timings, but has a significant 
effect ~t the more advanced timings. The ignition quality of the 
fuel also has a major bearing on the ignition delay. 

TABLE 4. Ignition delay (Crank angle degrees). 

STATIC TIMING 14 deg 20 deg 26 deg 18 deg 

-------------- ---------- --------------- ---------- ---------
LOAD DIST TEGDN DIST E20 TEGDN DIST TEGDN E25/TEGDN 

-------------- ----- ----- ----- ---------
Full 8 7.8 10. 1 11.6 9.7 12.4 12.0 8.8 
2/3 8 8 8.9 10.4 8.8 10.9 10.4 8.5 
1/3 8.4 8.8 9.2 9.8 8 .1 10.8 9.2 8.3 

----- ---
Notes: As per Table 2. 

On the basis of the results presented in Tables 2,3 and 4 it can 
be seen why 18 deg timing was chosen for the E25/TEGDN emulsion 
to achieve similar power output to the 20 deg distillate timing. 
Table 5 shows the torque (and hence the power) attained under the 
various conditions. Although the calorific value of the 
E25/TEGDN emulsion is reduced to 37.66HJ/kg from 42.7SHJ/kg for 
distillate ( an 11.9% drop) the torque is actually decreased by 
only 3.2% (This is fairly typical throughout the speed range). 
Similar results can be applied to the TEGDN emulsion(20% v/v 
ethanol where the alcohol contains 3.1% of TEGDN) and 14 deg 
timing where the reduction is even less. 

It shou!d be noted that because of smoke emissions the engine 
could not be operated normally at 14 deg static timing on 
distillate and therefore comparison must be made to the 20 deg 
timing. The emulsions are reasonably smoke free at the retarded 
conditions and could be operated at the 14 deg setting. 
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TABLE 5. Observed engine t~rQue (NH) 

STATIC TIMING 14 deg ~o deg -----.------26 deg 18 deg 

LOAD DIST TEGDN DIST E20 TEGDN DIST TEGrN E25/TEGDN 

Full 166 159 160 148 152 142 142 153 

Notes: As per Table 2. 

Thermal efficiency. 

The thermal efficiency is dependent in the main on the start of 
combustion, rate of pressure rise and the completeness of 
combustion. The most efficient heat cycle is the constaut volume 
cycle and the closer the approch to this ideal the higher the 
thermal efficiency. Thst an emulsion containing no ignition 
improvers ( such as the listed E20) should exhibit higher thermal 
efficiency can be readily explained by the first two factors i.e. 
later start of combustion and hi~her rate of pressure rise. The 
same cannot be stated for the E20 emulsion containing TEGON and 
thus any efficiency improvement must be attributed to improvetl 
combustion. 

Table 6. sets out the efficiencies cbtained under the various 
conditions and it can be discerned that again injection timing 
plays a significant role as does the fuel type. The typical 
characteristic indicating that the highest efficiency is obtained 
somewhere between 55 and 80% of full load is also very much in 
e\idence under all conditions. 

TABLE 6. Thermal efficiency (%) 

STATIC TIMING 14 dE>g 20 deg 26 deg 18 deg 
-------------- -·--------- --------------- ---------- ---------

LOAD DIST 'fEGDN DIST F.20 TEGDN DIST TEGDN E25/TEGDN 
---·----------- ----- ----- ----- ---------

Full 27.4 29.2 26.5 27.6 27.5 23.4 25.8 28.5 
2/3 30 30.5 29.7 29.3 29.4 27.9 28.3 29.6 
1/3 20.4 20.2 21. 5 20.6 20. I 19.2 20.4 20.4 

---- --- --------·-
Notes: As per Table 2. 

Specific fuel consumption. 

The thermal efficiency of the cn&ine heat cyrle and calorific 
value of the fuel determine the specific fuel consumption. 
Table 7. lists the values of the specific fuel consumptions 
obtained and the interaction of efficiency and calorific values 
observed. Thus it can be seen that 100% ~istillate because of 
its high calorific value tends to exhibit the lowest specific 

.. 

r 

• 
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fuel consum9tion even when its effir.iency is low compared to the 
emulsions. Where the efficiencies ~etween the fuels are SLmilar 
(as at part loads) then specific fuel consumption must increase 
in direct relationship to the calorific value of the fuel. This 
is further adversely compounded by the density of the fuel as 
most operators use volumetric instead of gravimetric fuel 
consumption criteria. 

TABLE 7. Brake specific fuel consumption. (BSFC gms/KW/hr) 

STATIC TIMING 14 de& 20 deg 26 deg 18 deg 
-------------- ---------- --------------- ---------- ---------

LOAD DIST TEGDN DIST E20 TEGDN DIST TEGDN E25/TEGDN 

-------------- ----- ----- ----- ---------
Full 307 319 289 336 338 360 361 335 
2/3 281 306 281 317 31/ 301 329 323 
1/3 412 462 410 450 464 4391 456 470 

Notes: As per Table 2. 

Toyota Landcruiser experience. 

The Toyota vehicle fitted with a 6 cylinder II series indirect 
injection engine was down on power when operated on a 20% 
ethanol emulsion containing .62% v/v TEGDN. The power could be 
readily restored by fuel rack adjustment only, rather than 
carrying out timing alterations. This would, obviously, increase 
the fuel consumption to compensate for the reduced calorific 
value of the fuel. 

Obse~vations made of the cold starting ability indicated that 
cold starting was much easier usin~ the emulsion fuel with 
ignition improver than with distillate. Apart from the fact that 
the glow plugs needed to be used tor a shorter period there was 
an almost total lack of cold start "crackle" (knock) and black 
smoke from the start-up excess fuel. 

Driving the vehicle normally on 
necessity for re-establishing 
operated smoothly throughout the 
was ani black smoke emitted. 

the road did not reveal any 
the power output, the engine 
load a1d speed range. At no time 

3.5 Conclusions on the results obtained 

It would be inappropriate to make any firm recommendations based 
on the results obtained. However 1t can be stated with 
reasonable confidence that 20%, probably 25% in the vast majority 
of cases and in certain applications (such as large stationary or 
railway engines) even 30% ethanol substitution can be achieved. 
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The scenarios envisaged are 

* 15% ethanol substitution- No engine modifications and no 
ignition improve~ required. 

* 20% ethanol substitu~ion- No engine modifications required, 
but some fuel delivery or timing 
changes may brl required. Ignition 
improver required. 

* 25% ethanol substitution- No engine modifications required in 
majority of cases, but fuel delivery 
and/or timing changes will be 
required. Igtlition improver required. 

* 3J% ethanol substitution- No engine modifications requirPd in 
majority of cases however some fuel 
injection equipment may need to be 
modified. In extreme cases new fuel 
injection equipment will be required 
leading to possible engine changes. 
Ignition improver required. 

* Ethanol substitution in excess of 30% would not be recommended 
as fuel injection equipment modifications would be required in 
virtually all cases. The ethanol/distillate emulsion may also 
require lubricant in addition to ignition improver and 
emulsifier. 

4. POTENTIAL FOR INDUST~IAL/COHMERCIAL APPLICATION. 

The apparent stability and oversupply of cr11de oil existing at 
present would seem to indicate that the emulsion technology would 
have limited application. However the quality of the available 
crude is dropping rapidly and the need for additional cracking 
and refining for the lead-free gasoline market as well as the 
demand for high grade (and highly profitable) aviation kerosene 
is eroding that part of the barrel generally sourcing the 
automotive type distillate. There is already evidence of quite 
serious down-grading in terms of the ignition quality of 
automotive distillate which is being boosted Ly the addition of 
ignition improvers. To this state of affairs must be added the 
plight of the alcohol ( either ethanol or methanol), sugar and 
starch producers which is causing a serious glut of alcohol in 
the market place. This situation ~ill not be improved when the 
Middie East mega-litre methanol plants come on stream in the near 
future. 

Distillate can be considered as an income producing product 
havi~g a vital role to play in the agricultural, industrial and 
goods/product transportation sectors. This is especially 'rue in 
developing countries where the ratio of distLllate to gasoline 
consumption is high. The cost of distiliate to these countries 
is very high ( at the time of writing the strength of the 
American'dollar was having a significant effect on these costs) 
and thus the introduction of emulsions incorporating indigenously 
produced alcohol could alleviate balance of payment problems. 
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It is the opinion of the authors that there are a number of 
countries at present where socio-economic conditions are such 
that great benefits would accrue rapidly from the introduction of 
the emulsion technology. 

Ap~ce Research Ltd. has filed complete patent specifications 
relating to the emulsion technology in the iollowing ~ountries. 

Australia U.S.A. Europe 
Argentina Colombia designating 
Mexico Chile Austria 
Norway India '£elgi!1m 
3cuth Africa Mauritius Fra!lce 
Israel New Zealand Federal Republic 
Japan Re pub lie of China(Taiwan)Italy 
Philippines Sri Lanka Liechtenstein 
Indonesia Nigeria Luxembourg 
Canada Pakistan Netherlands 
Brazil Republic of Korea Sweden 
Venezuela Thailand Switzerland 
Turkey United Kingdom 

with confirmation applications to be filed in: 

Kenya 
Mc.leysia 
Singapore 
Fiji 

of Germany 

Negotiations in relation to licensing the technology have 
culminated in the granting of a world-wide non-exclusive licence 
to Albright and Wilson Ltd.(UK), a major international chemical 
company, to manufacture, use and sell the emulsifier and the 
emulsions. 
The right of first refusal for the 
granted to Shell (Netherlands). 

second such licence has been 

Governments and/or organisativns interested in implementing the 
techno:ogy sho~ld contact either or both of these organisations. 
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5. ENGINE PERFORMANCE TESTS. 

5.1 TEST ENGINES. 

All preliminary test work to establish the effect of 
the selected ignition improvers was conducted on a 
Ford 3000 er.~ine located in the Engineering Department 
at Hawkesbury Agricultural College. 

This engine was considered to be suitable for this 
type of work for a number of reasons, the main ones 
being: 

a. It was used on p ·evious methanol projects and has 
proved itself tolerant to a cor.sid~rable degree of 
abuse (i.e. knock). 

b. A complete engine is available as a spare, 
Spare including Fuel Injection Pumps and Injectors. 

parts are av3ilable locally at reasonable cost. 

c. The combustion chamber is not state of the art 
design and thus should be relatively sensitive to fuel 
quality. A bore to stroke ratio of 1:1 is used and 
cylinder volume is around the 1 litre capacity. Max 
governed speed is 2200 r.p.m. although 2000 r.p.m. 
was consideLed more suitable for the tests. A full 
specification for this engine is listed in Table 8. 

Table 8. 

Specification for Ford 3000 Test Engine. 

Make 
Model 
T)pe 

No. of cyl. 
Bore 
Stroke 
Displacement 
Comp. Ratio 
Firing Order 
Max. No Load Speed 
Idle Speed 
Compression pressur · 
@ 1000 r.p.m. 
Injection Timinr; 

Injection Pump 
Injector !fozzle 
Opening Pressure 

Ford 
3000 
4 stroke,direct injection, 
naturally aspirated. 
3 
106./ mm (4.2") 
106.7 mm (4.2") 
2860 cc (174.5 cis) 
16.5:1 
123 
2 1 7 5 ·- 2 2 2 '.> r • p • m • 
600-700 r.p.m. 

38 bar (550 p.s.i.) 
The injection timing was 
arbitrarily set to 20 deg B.T.D.C. 
D.P.A. 3233F161 
BDLl.1 5056443 
185 atm 
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5.2 ENGINE TEST EQUIPMENT AND MEASURING METHODS. 

--------------------------------------------
The equipment used for this project comprised a 
combination of conventional test equipment used by 
many other research establishments for this type of 
work and equipment designed by Apace Research Ltd. to 
enhance the measuring techniques. 

Typical equipment and methods for the measurement of 
engine p~rameters consist of : 

(1) Manual reading and recording of fairly stable test 
parameters such as : 
a. Dynamometer load 
b. Engine speed 
c. Fuel consumption 
d. Various engine and dynamometer temperatures 

(2) Recording of cylinder pressures and needle lift by 
means of an oscilloscope and Polaroid photography. 
In a number of more advanced engine test 
facilities ignition delay is measured by means of 
an ignition delay meter, although this requires a 
degree of skill on the part of the engine tester. 

It should be noted however that more advanced systems 
are being installed utilising such items as digital 
storage oscilloscopes, F.F.T. analysers and computer 
aquisition systems. 

The investigation of the effects ~f different fuels 
having widely differing ignition characteristics is 
hampered by the existing manual meth~ds leading to 
considerable inaccuracies and slow analysis and 
interpretation. 

The equipment and methods used by Apace Research Ltd. 
for the aquisition of all engine parameters are 
completely computer based and are believed to off er a 
degree of accuracy of results not possible with 
conventional or indeed other methods under 
development. 

The following is a brief description of the equipment 
and methods used 

(1) HEENAN and FROUDE Type G Hydraulic Dynamometer 
modified for electrical readout of a~plied load. 
The dynamometer is still however manually 
operated. 
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(2) Fuel consumption measurement is mass based and 
comprises a Hettler PE3600 ~lectronic balance 
equipped with a 2400 baud serial interface. Fuel 
flow to the weighed fuel container is controlled 
by a solenoid valve under instruction from the 
computer. An electr!c pump delivers the fuel to 
the engine. 

(3) A Kistler Type 6123 Piezo-electric ?ressure 
transduce~ coupled with Type 5041 charge amplifier 
is used to convert the cylinder pressure into an 
appropriate electrical signal. Great care had 
been taken with the installation of this 
transducer in the cylinder head, mounted 
vertically with the diaphragm f?ush with the 
cylinder head face and well within the piston bowl 
periphery. It is mounted within a separate tube 
and a degree of installation compliance has been 
built in. This is to reduce cylinder head 
transmitted vibration to the pressure transducer. 

(4) The Injector needle lift is measured by means of a 
C.A.V. Type 1368 FM system consisting of : 

a. Inductive measuring coil which detects the 
movement of the aluminium extension attached to 
the injector push rod. 

b. Oscillator 

c. Demodulator/amplifier/filter. 

The ~easuring system produces a voltage propor
tional to the needle lift. 

(5) Heated air is supplied to the engine from a~ 
airbox fitted with a thermosta~ilally controlled 
heater and recirculating fan. The oirbox has a 
volume ~f approximately 2 cubic metres and 3ir Js 
drawn out of it at a r~te dependa~t on engine 
demand. 

(6) Thermocouples are used to measure cemperatur~s ,,f: 

a. Engine cooling wat~r inlet 
b. Engine cooling water outlet 
c. Sump oil 
d. Fuel oil inlet 
e. Air inlet 150mm prior to the inlet manifold 
f. Air box 
g. Exhaust gas approximntely .Sm downstream of 

the m.rnifold. 
h. Cooling tower water in 
i. Cooling tower water out. 

t 
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(7) The data aquisition and instrument system is under 
the control of a Hewlett-Packard 868 computer 
complete with disc drives, HP-IB, RS232 and GP-IO 
interfaces. Additionally the memory has been 
expanded to 256k and 1/0 and Advanced Programming 
enhancement ROMs have been installed. Although it 
was not considered an ideal machine for the 
application it proved adequate in the majority of 
respects. It's main drawback is the slow Basic 
operating system. With the time limitations 
imposed on us by the delays to complete the 
project it was not considered worthwhile to 
re-write the programme in machine language. 

(8) Equipment descriLed above is conventional in 
~ature, however in order to make the best use of 
it, it was necessary to design and build a special 
interface. The interface is based on the SlOO bus 
and briefly consists of 

a. 16 bit address bus 
b. 16 bit data hus 
c. 4 1/2 digit A-D converter is used for the 

measurement of all slow changing signals such 
as thermocouples with a maximum conversion 
speed of 330mS. A demultiple~er allows 
differential signals to b~ steered to the 
converter via a differential instrumentation 
amplifier. The BCD coded output of the 
converter is hardware translated to binary 
code. 

d. A 12 bit A-D converter is employed to convert 
the voltage produced by the Cylinder pressure 
charge amplifier to offset binary code. This 
is then placed into a memory location 
determined by crankshaft position and specified 
measurement parameters. A sample-hold 
amplifier at the input of the A-D converter 
ensures accuracy of the ~ignal. The conversion 
rate is in the region of 25 micro-seconds. 

e. An 8 bit A-D co~verte. •sed to convert the 
signals from ~he Ne. lift amplifier to 
unipolar binary code an~ chis is also stored in 
a specified memory location. Again a sample 
-hold amplifier is placed at the input to the 
A-D converter to ensure data integrity. As the 
output is unipolar, an offset voltage is 
applied at the input so that only positive 
voltage is seen. The conversion rate is 
approximately 4 micro-seconds. 
It should be noted that a cecond 8 bit A-D 
converter together with sample hold and high 
gain instrumentation amplifier is installed 
for use with a fuel line pressure transducer. 
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f. Five pre-settable down counters. Each counter 
has associated with it a data latch which can 
be directly addressed and loaded with data by 
the computer. The function of the five counters 
are 

i. Number of measurement samples to be taken 
ii. Measurement delay expressed as number of 

grads after bottom dead centre. 
iii. Actual number of consecutive gra~s when 

cylinder pressure and needle lift are to be 
measured and stored in their respective 
memories. 

iv. Cycles between consecutive measurements. It 
allows the selection of complete engine 
cycles (two revolutions) when no cylinder 
or needle lift are recorded. 

v. Revolution counter which generates an 
interrupt signal to the computer that the 
specified number of revolutions has been 
completed. 

g. An up counter which measures actual engine 
revolutions and is under computer control. It 
is used to determine engine speed and fuel 
consumption. 

~11 the counters are preset to their initial 
value (data in the latches for the down 
counters, zero for the up counter) by a trigger 
signal from the computer. 

h. Memories and memory management. 
Each high speed A-D converter has it's own 4k 
of memory, 8 bit wide in the case of the needle 
lift and 12 bit wide in the case Jf the 
cylinder pressure. The memory address is 
accomplished by means of up-counters which are 
either addressed by engine crankshaft position 
sensors during the write cycle or by the 
computer during the read cycle. Again the 
counters are preset to their initial value 
(zero) by the trigger signal from the computer. 

i. Electronic switching is used for the RS232 
signals so that single serial interface of the 
computer can be used for reading the fuel 
measurement system data or writing to a 
printer. Additional switching is also provided 
for the GP-IO interface to cater for a plotter 
drive. 

t 
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(9) In order to synchronise the aquisition of the high 
speed data i.e. cylinder pressure and needle lift 
with the combustion cycle. the crankshaft position 
must be monitored. This is achieved by means of a 
disc having 400 slots machined in its periphery, 
each slot corresponding to one grad. One of the 
slots is longer and corresponds to Nol crank being 
at bottom dead centre. Two infra red sensitive 
photo transistor/ diode sensors coupled with 
Schmitt triggers sense the slots and output a 
square edged pulse each time a slot passes the 
detector. Thus one detector produces 400 pulses 
per crankshaft revolution while the other produces 
only one pulse at bottom dead centre per 
crankshaft revolution. A proximity type switch is 
installed near the camshaft gear which is fitted 
with a steel flag indicating whether the 
compression/expansion part or the exhaust/ 
induction part of the combustion cycle is in 
progress. 

The combination of the three sensors together •ith 
some counters can therefore determine the 
crankshaft position within a combustion cycle to 
within one grad. (0.9 deg= !·grad) 

The measurement methods are fairly simple and operate 
in a number of different modes. These are : 

(1) Idle mode. 
In this mode the only measurements that are taken 
are the slow response ones i.e. temperatures. 
torque and engine speed. A complete measurement 
cycle takes approximately 10 seconds. This is 
useful for monitoring engine parameters for 
stabilisation and setting up for a more complete 
measurement mode. The computer always starts up in 
this mode and always reverts to it at the 
completion of any other mode. Exit from this mode 
to any other mode or function is accomplished by 
use of the special function keys. While in this 
mode it is also possible to alter all the 
measurement parameters such as grads delay.number 
of samples, number of revolutions for the fuel 
consumption measurement and number of grads to be 
read. 

(2) Beginning of injection mode. 
The purpose of this mode is to aquire needle lift 
data during the latter part of the compression 
stroke and early part of the expansion stroke and 
calculate by the use of a suitable algorithm the 
dynamic starting point of injection. This allows 
for re-adjustment of the pump timing to obtain the 
required dyramic commencement of injection. 
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The programmed Jefault parameters are 
a. One sample only 
b. Grads delay set to 150 grads 
c. Grads measured set to 100 grads. These can, 0f 

course, be altered by entering the requirtd 
data into the computer. This allows the study 
of either short term or long term changes i~ 
engine parameters by varying the sampling 
period. 

(3) Ignition Delay. 
This mode is identical to the Beginning of 
injection mode in all aspects but also includes 
the cylinder pressure data, number of revolutions 
and time taken to complete that number of 
revolutions. Once the data has been collected and 
commencement of injection calculated then another 
algorithm is used to determine the start of 
combustion from the cylinder pressure data. It is 
then a simple matter to establish the ignition 
delay from the time and number of revolutions bot~ 
in terms of time and crank angle. 

The additional default parameter is the number of 
revolutions and is set to 100. Again if higher 
accuracy or greater number of samples are required 
then this parameter can be easily re-specified. 

When either the beginning of injection or this 
mode is specified an internal computer flag is s~t 
which enables, at the completion of the measurin~ 
cycle, for needle lift and cylinder pressure data 
to be graphically displayed on the comput·~r 
monitor. Additionally the commencement of 
injection and combustion are marked together wiLh 
grad marks and top dead centre. 

(4) Full run. 
This mode is selected when the engine has r~achcd 
correct specified operating conditions such as 
a. Water temperature 
b. Oil temperature 
c. Air inlet temperature 
d. e.t.c 
and the engine speed and load have been set and 
stabilised. 

The followin~ sequence takes place when this mode 
is entered 

i. A quick check is made of the engine speed over 
100 revolutions :ind stored. 

• 

• 
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ii. A calculation is made hov many readings of 
engine load and all temperatures (i.e. hov 
many idle loop equivalents) can be made vithin 
1000 revolutions at the speed obtained in (i.). 
This determines hov many readings of these 
parameters vill be taken during the full run. 
This figure i~ hovever deliberately limited to 
five and if neccessary the computer vill enter 
into a vait state to achieve nqually spaced 
readings. 

iii. The fuel feed to tht fuel measurement system is 
svitched off and a wait period of five seconds 
initiated. 

iv. The counter latches are set up vith test 
conditions, the default ones being: 
a. Samples = 5 
b. Delay ,grads = 10 
c. Number of grads measured = 780 
d. Number of cycles between samples = 89 
e. Number of revolutions = 1000 
Note that the number of cycles between samples 
(89) + 1 sample = 90 so that a sample is taken 
every 90 engine cycles or 180 engine 
revolutions. 

v. The memory address counters are set to zero. 

vi. The RS232 port conr.ected to the balance is 
selected and the buffer registers in the serial 
interface cleared. Tv~ consecutive readings 
from the balance are read by the computer and 
the first one rejected, the timer is started 
and all counters loaded with data from their 
respective latches and enabled by common 
trigger signal. The interrupt from the down 
counter is also enabled. 
At this point the Apace interface commences to 
collect data from the cylinder pressure, needle 
lift and (when available) fu~l line pressure at 
every specified grad and storing the data in 
the relevant memory locations. 

vii. While the interface is collecting and storing 
the rapidly changing data the computer performs 
basically a number of idle loops as established 
in para. ii. 

viii. After the specified number of revolutions have 
been completed an interrupt is generated by the 
interface and the computer responds to this hy 
checking that the balance RS232 port is st~lt 
connected, clearing the serial interface buffer 
registers of accumulated data,again accepting 
two readings from the balance and rejecting the 
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first one. At this point it stops the 
revolutions up counter and reads the elapsed 
time from the start of the measurement cycle. 

ix. The computer now restarts the fuel flow to the 
fuel consumption measuring system and coomences 
the data transfer from the Apace interface 
memory into it's own memory. On completion of 
the data transfer internal flags are set to 
signify that the data is now ready to be stored 
on disc, displayed graphically on the monitor, 
selected data output to a printer or to a 
plotter . 
The last two features were not utilised 
this series of tests as vast quantities 
were collected and it was preferable to 
the data in a less hostile environment. 

during 
of data 
process 

x.The cooputer now re-initialises all setup 
parameters back to the idle loop cond~tions 
and restarts that loop. 

The statistics of this type of data aquisition 3re 
quite surprising. Typically a single full run mode 
would produce in 1000 engine revolutions the following 
amount of information : 

* 3900 
* 3900 
* 3900 

* 5 
* 50 

* 2 

* 

* 

* 

data points for needle lift 
data points for cylinder pressure 
data points for fuel line pressure(when 
available) 
applied load readings 
temperature readings (5 of each measured 
temperature) 
fuel mass readings (one at the commencement, 
the other at the end of the test run) 
Elapsed time between the two fuel mass 
measurements 
Number of engine revolutions occuring during 
the elapsed time. 
Barometric pressure 

Additional information that must be recorded includes 
such items as Test ID, Fuel IO, Fuel density, Fuel 
calorific value, Date, Record CU, Number of samples, 
Number of cycles between measurements, Grads delay, 
Number of grads measured, Engine specification, Dyno 
parameters and any comments. 

In spite of virtually all information being stored in 
condensed forM this still amounts to 16500 bytes per 
full run mode. The method selected for fuel 
evaluation requires 16 runs (3 diff~rent loads at 5 
speeds and one idle condition) and thus 264,000 bytes 
of information have to be stored per single fuel. 

• 
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Eight fuels have been evaluated during this project 
resulting in the collection of 3,696,000 bytes of 
information to be digested. It is rather fortunate 
that a large proportion of this information is not 
directly required. thus reducing the information to be 
processsed to a much more manageable 500,000 bytes 
{approx). 

5.3 TEST FUELS. 

All the emulsions were prepared by Apace Research Ltd. 
from a common batch of Mobil distillate and C.S.R. 
Industrial Methylated Spirit. 

The ignition improvers used were carefully selected 
from the literature, previous experience and private 
communications from other research organisations. Two 
ignition improvers were chosen for investigation, iso 
octyl nitrate (ION) for improving the ignition quality 
of the distillate phase and Triethyleneglycol
dinitrate (TEGDN) for improving the ignition quality 
of the ethanol phase of the emulsion. 

Samples of ION were supplied by The Associated Octel 
Co. Ltd. (UK). It is also available from other 
organisations such as Ethyl Corporation who market ION 
under the trade name DII3. It is available worldwide 
at competitive prices. 

The TEGDN used in the tests was obtained by Perkins 
Engines Ltd. on behalf of Apace Research Ltd. from 
Explo-Industrias Quimicas e Explosivos S.A. Brazil. 
The product containing TEGDN is marketed under the 
trade name of "Alcoolita". Alcoolita contains 60% 
ethyl alcohol, 32% TEGDN and the remaining 8% contains 
dibutylphalate, diphenylamine, castor oil, Maxlube, an 
anti- corrosive agent and other minor ingredients. 

A blend of 13 parts of Alcoolita to 87 parts hydrated 
(96%) alcohol produces a fuel for use in specially 
adapted diesel engines. Thus the TEGDN content 
amounts to 32% of 13% which is equal to 4.16% of the 
total volume. 

It is believed that the present production of TEGDN is 
in the order of 300 tonnes/month and can be readily 
expanded. 
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Initially five emulsions were 
different amounts cf ignitio~ 
engine performance was compared 
distillate. 

prepared containing 
improver and their 
with that of 100~ 

Based on the results obtained another two emulsions 
were prepared. 
Table 9. shows the properties of the various fuels. 

Table 9. 
Fuel Properties. 

Fuel Id.No Dist. Eth. --forf- Density -L":-c:v-:-
% :t % gm/cc MJ/Kg 

------------ ------- ------ ------- --------- -----------
DIST 100 100 .849 42.75 

E20 30 20 .845 38.83 
E20/.2ION 79.8 20 .2 .845 38.33 
E20/.4ION 79.6 20 .4 .845 38.83 

------------ ------- ------ ------- --------- -----------
Tl-:GDN 

------------ ------- ------ ------- --------- ----------·-
E20/2.6TEGDN 80 19.48 0.416 .848 38.69 
E20/5.2TEGDN 80 18.96 0.832 .850 38.55 

E20/3.9TEGDN ---- 0.624 
.849 ___ - 38 :62--- -BO 19.22 

------------ ------- ------ ------- --------- -----------
E25/3.9TEGDN 75 24.03 0.78 .848 37.66 I 

------ -------- ---------
NOTES. 
1. Distillate was supplied by Mobil 
2. "Ethanol" was Industrial Methylated Spirit supplied by 

CSR Ltd. and contain~ nominally 5% v/v of water. Its 
L.C.V. has been taken as 23.96 MJ/Kg. 

3. The L.C.V. of TEGDN has been quote~ as 13.2 MJ/Kg and 
the densit~ taken as 1.338 gm/cc. 

4. Densities shown in the table are those at 15 deg.C. 
5. The surfactant is assumed to be part of the distillate. 
6. Fuel identification. 

For emulsions with IO~ the identification 
expressed as the alcohol volume and lON 
emulsion. Thus E20/.2ION = 20% hydrated 

0.2% ION + 

is simply 
volume in the 
ethanol+ 

79.8% distillate.(% by volume) 
For emulsions with TEGD~ the identification is expressed 
as non-distillate volume and percentage of non-~lcohol 
constituents of the non-distillate volume. Thus 

E25/3.9TEGDN= 25% non distillate components+ 
75% distillate 

where the 25% non distillate component co~prises 
21.1% hydrated ethanol + 

3.9% non alcohol components 
and the 3.9% non alcohol components comprise 

3.12% TEGDN + 
0.78% stabilisers, lubricants ~nd anti-

corrosiv~ ngcnts. 

c 
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5.4 ENGINE MATRIX TESTS. 

A test matrix of 16 load and speed conditions covering 
the entire engine range was carried out using each 
emulsion in addition to a distillate datum. 

The matrix test conditions were : 

3 loads •••••• Full load 
2/3 load (nominal) 
1/3 load (nominal) 

5 speeds ••••• 2000 rpm (nominal) 
1700 rpm (nominal) 
1400 rpm (nominal) 
1100 rpm (nominal) 

800 rpm (nominal) 

An idle condition at 800rpm and minimum load. 

At each matrix condition the following parameters were 
measured and r~corded. 
• Engine speed 
* Dynamometer load (5 readings) 
* Nett fuel consumption (1 reading over 1000 + 

engine revolutions) 
* Air inlet temperature (5readings) 
* Air box temperature (S readings) 
* Exhaust temperature (5 readings) 
* Engine oil temperature (5 readings) 
* Cooling water in temperature (5 readings) 
* Cooling water out temperature (5 readings) 
* Fuel temperature at fuel pump inlet (5 readings) 
* Cooling tower water in temperature (5 readings) 
* Cooling tower water out temperature (5 readings) 
* Ambient/cold junction temperature (5 readings) 
* Needle lift and cylinder pressure readings at one 

grad intervals commencing at 190 grads BTDC on 
compression stroke and continuing for 780 grads.Five 
of the above cycles were repeated at intervals of 
180 com?lete engine revolutions. 

The method adopted for the aquisition of of all data 
for the various test fuels was as follows: 

The engine was run at 1700 rpm and approximately 75% 
load until engine cooling ~ater temperature was 
stabilised at about 80 deg C. outlet, 50 deg C inlet, 
sump oil temperature in excess of 80 deg C. and air 
inlet temperature of 30 deg C. When these parameters 
were reached a check of the dynamic performance was 
made by invoking the timing/delay measurement mode. 
If this was considered satisfactory then the full test 
matrix was carried out in the following order: 
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1. Full load -2000 rpm 
-1700 rpm 
-1400 rpm 
-1100 rpm 
- 800 rpm 

2. 2/3 load -2000 rpm 
-1700 rpm 
-1400 rpm 
-1100 rpm 
- 800 rpm 

3. 1/3 load -2000 rpm 
-1700 rpm 
-1400 rpm 
-1100 rpm 
- 800 rpm 

4. Idle - 800 rpm 

A check of all major parameters was made prior to executing 
full run mode at any matrix condition. 

The engine remained unaltered for all tests with the 
exception of timing changes 

The methodology adopted was to compare 20% ethanol 
emulsion containing first guess quantities of ignition 
improvers to a 20% emulsion with no ignition improver, 
and 100% distillate. First guess ~uantities were 0.24 
and 0.4% ION in the emulsion th~n 2.1% and 4.2% TEGON 
in the alcohol phase of the emulsion. All of these 
fuels were tested at the static timing of 20 deg B~~C 
to establish the effect of th~ ignition improver~. 
From the results obtained the preferred ignition 
improver was selected together with its optimum 
required quantity for best thermodynamic engine 
performance. 
The emulsion containing the required quantity of the 
pref erred ignition improver wa~ then compared to 100: 
distillate at various injection timing swings ranging 
from 6 deg (engine) retarded to 6 deg (enginP.) 
advanced in order to establish the optimum timLng. 
Once the ignition improver, its quantity and the 
optimum timing were thus established an emulsion 
containing 25% ethanol plus ignition improver was 
prepared and compared to 100% distillate. 

• 



- 37 -

5.5 ENGf~E MATRIX TEST RESULTS. 

All engine test results are presented separately in: 
Appendix !.,"Engine Results Curves", FIG APl to AP125 
Appendix 2.,"Engine Results Tables", Page 1 to 56 

The results for torque, and its derivatives, shown in 
Appendix 1., have been corrected for atmospheric 
pressure only since the air inlet temperature was 
~aintained relatively constant. 

The engine results for torque (and power) shown in 
Appendix 2.have been corrected to standard conditions 
for atmospheric pressure and temperature as per 
Australian Standard "Method for Rating and Testing 
Internal Combustion Engines" AS 1501-1976 (100 kPa and 
27 deg.C ). 

The most important criteria when assessing alternative 
fuels for diesel engines, especially fuels containing 
large percentages of single boiling point, high latent 
heat of vapourization, self ignition temperature 
liquids are ignition delay and rate of pressure rise. 

The emphasis in this report ( and indeed of the 
specialised instr~mentation ) is therefore directed to 
these aspects rather than the more conventional ones 
of torque, p~wer, specific fuel consumption and 
thermal efficiency. These have not been ignored in 
the analysis, but the weighting given to them is less 
than would no~mally b~ the case. 

Definitions of some of the terms used 

Three different loa1s have been used in the engine 
performance and these have been arbitrarily called 
Full load, 2/3 load and 1/3 load. The actual loads 
used are: 

Full load- The maximum load that can be applied to the 
engine at any particular engine speed. This is 
dictated by the fuel delivery, fuel calorific value 
and thermal efficiency. 

2/3 load-This is a load of 11.22 N (2.5 lbf) or torque 
of 89 NM. applied at any speed. 

1/3 load-This is a load of 4.49 N (1.0 lbf) or torGue 
of 35.6 NM applied at any speed. 

Engine speeds quoted for comparison purposes are 
nominal engine speeds. There can be a variation of 
upto 50 rpm between the nominal and actual speeds. 
Actual speeds are used in All calculations and graphs. 

·---··-----
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{a) Commenceraent of Injection ~nd Combustion, Max. 
Cylinder Pressure and Max. Rate of Pressure. 

FIG APl to AP24 show the needle lift and cylinder 
pressure diagrams obtained on the initial fuels 
tested. These were: 
* Distillate FIG 
* E20 FI~ 
* E20/2.6TEGDN Flt: 
* E20/5.2TEGDN FIG 
* E20/.2ION FIG 
* E20/.4ION FIG 

APl 
AP5 
AP9 
AP13 
AP17 
AP21 

-AP4 
-AP8 
-AP12 
-AP16 
-AP20 
-AP24 

These diagrams show the repeatability of the 
needle lift and cylinder pressure taken every 360 
engine revolutions (Note that while five actual 
readings were taken every 130 engine rerolutions, 
only the first, third and fifth readings are 
plotted). The table of results at the right hand 
side of each of the diagrams gives the average of 
the FIVE readings. 
Typically the needle lift is repeatable at higher 
speeds and variable at the low speed, low delivery 
(i.e. idle) conditions. Please note that only 
the commencement of needle lift is taken into 
consideration and not vertical separation (which 
is to some extent influenced by the self tunin3 
characteristics of the transducer system used ). 
Considerable changes in needle lift, for ~xampl~ 
FIG APB, indicate fuel ~elivery variations 
resulting in significant changes in combustion 
characteristics. This would b~ expected for the 
CAV DPA pump which exhibits a variable 
commencement of injection with load. This coupled 
~ith metering being accomplished by throttlinB 
leads to substantial changes in the amount of fuPl 
injected and dynamic timing. The effect ls 
particularly evident on three cylinder engines. 

TEGDN emulsion fuels. 
FIG AP25 -AP27 compare max. cylinder pressure, 
max. rate of cylinder pressure, start of 
injection and start of combustion of emulsions 
containing TEGDN with 100% distillate and E20 at 
different speeds and loads. 
At full load there is virtually no difference i1 
max. pressure with any of the fuels. At part loads 
the percentage difference is greater but the 
actual pressures are reasonably close between the 
fuels. 
The start of injection at full and 2/3 loads 
within the 800 to 2000 rpm speed range i3 nlmost 
completely inJependent of the emulsion used. IOOZ 
distillate shows a departure from the other fuels 
only at 800 rpm exhibiting 2 deg of retard. 

• 
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At 1/3 load there is a considerable change in the 
dynamic timing at 1400 rpm for the tw~ fuels 
containing TEGDN ignition improver. Apart from 
this point the behaviour of 100% distillate and 
the emulsions follow the same pattern as at full 
and 2/3 load conditions. 
At this stage there is no reasonable explanation 
for this phenomena. It certainly is not due to 
incorrect data aquisition as the max. pressure 
and max. pressure rate follow suit. 
The change in the start of injection at 800 rpm 
c~n most probably be attributed to the advance 
device fitted to this pump which is load, 
viscosity and fuel bulk modulus sensitive. Its 
highest sensitivity would lie at the lower speeds 
where the transfer pressure is also most fuel 
viscosity sensitive. 

The start of combustion at full and 2/3 load,again 
within the 1100 to 2000 rpm range, is fairly 
consistent with the 100% distillate and the two 
emulsions containing TEGDN. The E20 emulsion 
shows a considerable change in the start of 
combustion being much later than the other three 
fuels. Although the 1/3 load appears to be 
somewhat haphazard, careful study shows that 
similar conclusions can be drawn, although they 
are not as obvious when compared to the other 
conditions. 

The max. rate of pressure is most certJinly 
affected by fuel type. The worst (i.e. one 
exhibiting the highest rate) beir.g the E20 
emulsion and the best being the E20/5.2 TEGDN 
emulsion. The difference is most obvious under 
full load conf.itions at the higher speeds. At 2/3 
and 1/3 l~ad the difference between 100% 
distillate and the two emulsions containing TEGDN 
is much reduced. 

FIG AP31 to AP33 show the effect of load at 
various speeds 
TEGDN compared 
distillate. 

when 
with 

using 
E20 

emulsions containins 
emulsion and 100% 

FIG AP37 to AP39 show how the max. pressure, max. 
rate of pressure, start of injection and 
combustion vary with emulsions containing TEGDN 
compared with E20 emulsion and 100% distillate at 
various speeds and loads. 
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ION emulsion fuels. 
The max. cylinder pressure. max. ~ate uf 
pressure, start of injection and combustion for 
the emulsi0ns containing ION are compared to E~u 

emulsion and 100% distillate in FIG AP28 to AP30. 
AP34 to AP36 and AP40 to AP42. 

The results show a trend similar to that obtained 
with the emulsions containing TEGDN but not to the 
same extent. 
Thus max. cylinder pressures are almost identical 
at the full load conditions at all speeds for dll 
four fuels with some di ergence at the 2/3 and 1/3 
loads. 
Max. rate of pressure does decrease with the 
inclusion of ION to a small but significant 
degree. Again the main effect is seen at the 
higher speeds under full load conditions. Start 
of injection for the full and 2/3 loads is al~ost 
identical throughout the s~eed range for all the 
emulsions. some deviation occuring when usi~g 100~ 
distillate at 800 rpm. A similar phenoaeno~ takes 
place at the 1400 rpm. 1/3 load condition to that 
obtained with the em~. ;ions contliining TEGDN i.e 
the start of injection \3 siruilar for the 100~ 
distillate and E20 emulsion while the !gniti0n 
improved emulsions are similar to each other but 
are somewhat retarded with respect to the 100~ 
distillate and E20. 

(b) Fuel delivery. Torque und Specific fuel 
consum~tior. (S.F.C.) 

FIG AP43 and AP44 show the effect of the six 
initial fuels on the maximum fuel injection pump 
delivery and maximum corque. The deliveries are 
very similar for all the fuels tested and thus it 
can be stated that the fuel pump delivery is 
relatively insensitive to these particular fuels. 
It should ba noted thnt the method of obtaining 
the fuel delivery is indirect. The actual fuel 
used is measured gravimetrically, then its volume 
is calculated from i.ts known density at 1) deg C 
and the fuel pump inlet temperature. The volume s0 

calculated is then ciiv~ded by the nu:nber of 
injection strokes during the measuring period. 
The maximum tnrquc is agnin very similar for enrh 
of the fuels the maxi.mum rlifference occurs ;:it 2000 
rpm amounting to 5%, while the differen~e for the 
rest of the speed ran~e is reduceci ta 2.5%. The 
S. F. C . for the cm u 1 s ions cont a in i n g T El; D N ( Fl<; 
AP43) shows an apparent high variation, however 
the e f f e c t o f t he f i g 11 re s c ;i 1 i n g m u s t be n o t r! d a n d 
in fact, the greatest difference shown hetween the 
E20 cmulsinn nnd the E~W/>.2 TE(;f)~ cmulsi.on at. 

... 

• 
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1400 rpm amounts to only 2.5%. The emulsions 
containing ION (FIG AP 44) show even lower 
divergence in S.F.C. between the various fuels. 

(c) fuel delivery, Efficiency and Specific fuel 
consumption. (S.F.C) 

TEGDN emulsion fuels. 
FIG AP45 to AP48 show the effect of applied load 
(torque) on the above three parameters at three 
different speeds with the emulsion containing 
TEGDN. 

Typically it can be deduced that 100% distillate 
is required in the least amount by comparison to 
all the emulsions to attain any given torque under 
the majority of conditions. The worst fuel in 
this respect is the E20/2.6 TEGON emulsion. 
Efficiency varies with the torque and the fuel 
used e.g. at full and 2/3 loads, (all speeds), 
maximum efficiency is attained with the E20 
emulsion while the 100% distillate shows minimum 
efficiency at full loads only. 
Specific fuel consumption is dependant on the 
efficiency and fuel calorific value and therefore 
100% distillate appears to be superior to the 
other fuels throughout the load and speed range. 
The two emulsions containing TEGDN give higher 
specific fuel consumptions, with the E20 emulsions 
showing a slight improvement over them. 
The disparity in the fuel consumptions is more 
evident at part loads than at full load. 
FIG APSl compares the fuel delivery, efficiency 
and S.F.C. under full load conditions directly 
for the four fuels, 100% distillate, E20, 
E20/2.6 TEGDN and E20/5.2 TEGON, and the three 
speeds. 

ION emulsion fuels. 
FIG AP48 to APSO depic.t the variations in fuel 
delivery, efficiency and S.F.C. against applied 
l~ad (torque) at various speeds with the emulsions 
containing ION. 
Once again 100% distillate is required in the 
least amount compared to all the emulsions to 
attain any given load although under full load 
conditions the difference between any of the fuels 
is negligible. The three emulsions E20, E20/.2ION 
and E20/.4ION have al~ost identical performance 
throughout the load range at the three speeds 
selected, the exception beinB 2/3 load at 800 rpm. 
where greater delivery of E20/.4ION is required to 
attain the desired load. 
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The three emulsions (E2U, E20/.2ION and E20/.4ION) 
exhibit higher efficiency under ~ost loads and 
speeds, the only exception being the 2/3 load, 800 
rpm conditi~~ using E20/.4ION. 
Again the specific fuel consumption of all the 
emulsions is higher than that of 100% distillate 
at all loads other than full load. At the full 
load condition all the fuels give extremely close 
results. 
FIG AP52 compares the fuel delivery,efficiency and 
S.F.C. under full load conditions directly for 
the four fuels, 100% distillate, E20, E20/.2ION, 
and E20/.4ION, and the thcee speeds. 

Based on the results obtained it was projected that 
the optimum ignition improver would be TEGDN in the 
ratio of 3.12% TEGDN in the hydrated ethanol. This 
conclusion was drawn based mainly on matching the 
ignition delay and the rate of change of cylinder 
pressure to that of lOOZ distillate. Although it 
appeared that ION could be made to match ~t full load 
there was some doubt as to whether part load 
conditions could be matched as well. The amount that 
would be required was estimated at 0.8 to 1.0~ of the 
total emulsion. Note that these amounts would be 
greater than those required for emulsions cont~ini~g 
TEGDN. 

The next stage of evaluation was to establish the 
effect of changes to static injection timing when 
using the "optimised E20/3.9TEGDN" emulsion. The 
E20/3.9TEGDN emulsion was compared to a 
distillate datum and a full performance matrix 
was carried out at 14 deg, 20 deg and 26 deg 

100% 
test 
BTDC 

static injection timings for both fuels. 
Opportunity was t~ken to evaluate the repeatability of 
results over long ter~ for the 100% distillate used as 
reference. 

The results for this serieJ of tests were as follows: 

(a) Commencement of Injection and Co~bustion, Max. 
Cylinder Pressure and Max. Rate of Pressure. 

FIG AP53 to AP76 show the needle lift and cylinder 
pressure diagrams for the two fuels and the 
various static timings. 

* 100% Distillate 20 deg BTl>C FI l: AP53 - AP56 

* II 14 deg BT UC FI l; AP57 - AP60 

* " :!.<> deg BTIJC FI l; AP61 AP64 -
* E20/3.9TEGON 20 deg BTOC FIG AP65 - AP68 

"' II 14 deg BTOC ~· IG AP69 AP71 -
* II 26 deg BT UC F' I G AP7'J - Al'7o 

• 
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Again both the needle lift and cylinder pressure 
show good repeatability at the higher speeds and 
loads and poor repeatability at the low load, low 
speed or idle condition. 

100% Distillate fuel. 
FIG AP77 to AP79 are included to observe the 
repeatability with time using 100% distillate on 
these parameters. Some difference is observed in 
the max. pressure at full load this amounting to 
5.5% at 2000 rpm where minor timing change 
occurred and 8% where considerable retardation 
(3.7 deg.) of commencement of injection occurred. 
The repeatability (especially at part loads) is 
considered very good and if timing would have been 
re-adjusted for each condition to ensure constant 
dynamic timing then excellent repeatability would 
have been attained. 

FIG AP80-AP82 show the effect of static timing on 
the max. pressure, max rate of pressure and the 
ignition delay. As can be seen the max. pressure 
at full load increases considerably for a timing 
change from 14 deg to 20 deg BTDC but the increase 
in this pressure for the timing change from 20 deg 
to 26 deg BTDC is small. At part loads the max. 
pressure tends to be more proportional to the 
static timing at the higher speeds but follows the 
characteristics of the full load condition at the 
lower speeds. 
Apart from the 800 r?m condition both the max. 
rate of pressure and ignition delay tP.nd to be 
proportional to the static timing and ~hey 
increase as ~he timing is advanced. 
FIG AP86-AP88 are presented to show the variation 
in max. pressure, max. rate of pressure and 
ignition delay with load at the three different 
timings and three different speeds. It can be seen 
that both the max. pressure and max. rate of 
pressure are significantly load sensiti~e. 
The ignition delay shows very little sensitivity 
to load (in fact it is marginally extended at the 
lower loads as would be expected from a cooler 
combustion chamber), it is however affected by the 
timing. 
FIG AP92-AP94 show directly the effect of timing 
on the four parameters ,Max.Pressure, Max. Rate 
of Pressure , Commencement of Injection and 
Commencement of Combustion. 
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E20/3.9 TEGDN emulsion fuel. 
Results for the E20/3.9 TEGDN emulsion (FIG APM3 
-AP85, AP89-AP9 l, AP96-AP98) a re vi rt. u,1 l l y 
identical for those obtained on lOOZ d~stillat~ 
with the exception that the timing change f rou 2~ 
deg to 20 deg has a 3reater effect on ~ax. 
cylinder pressure under full load conditions. 

(b) Fuel Delivery, Torque and Specific Fuel 
Consumption.(S.F.C.) 

100% Distillate. 

The delivery at 2000 rpm varies by a max of 4~ 
between that at the 20 deg timing compared to the 
other two. This could be due to slight governor 
interference however the magnitude need not be 
considered of great importance. 
Torque increases considerably as the timing is 
retarded and from the results obtained it could be 
deduced that further retard could be possible. 
This does not however take into account that smoke 
is the limiting factor at approx. 18 deg BTOC. 
The specific fuel consumption also decreases with 
retarding the timing as would be expected from the 
increased torque without a corresponding increase 
in delivery. See FIG AP98. 
FIG AP100-AP102 show the delivery r~quired t~ 
attain a given part load condition at different 
engine spec d s • I t can be noted that the .,u j or 
effect of timing on all the parameters (deliv~ry, 
efficiency, specific fuel consumption) occurs at 
full load conditions. This is shown more clearly 
in FIG AP106 where the delivery, efficiency :Jr11l 

S.F.C. are plotted directly against the stati~ 
timing for the various speeds. 

E20/3.9 TEGON emulsion. 
(FIG APlOO) Delivery is practically identical to 
that obtained on 100% distillate however the 
torque does not increase at the same rate with 
change in the timing. At 26 deg BTDC the torque 
for both the 100% distillate and E20/3.9 Tr:GD'I 
emulsion are very similar but at 14 deg BTDC the 
torque at 1100 rpr.1 is 5. 7% lower on the· emulsion 
than on the distillate. Specific fuel consumption 
f o 1 1 ow s s u i t h c i n g 5 • 7 % h i g he r on t he e :1111 l s L·rn .1 r. 
1100 rpm at the retarded timing. 
FIG AP103-105. Typically the thermal efficiency of 
the E2U/3.9 TEGDN emt1lsion is higher thJn that for 
100% distillate at all speeds and loads in exc~ss 
of approx. 50%, at comparable timin9 scttinR~
B e 1 ow L he '> 0 ~~ 1 o ;id t he the r ·•I cl l e f tic i e 11 c i c:; for 
both the distillate and emulsion <lre icli:>ntical. 
A 1 t ho u i.; h t he t he r rn a l e f ( i c i en c y u s i. n g t h c c :11 ll l s i o n 

• 



• 

- 45 -

is at no time lover than that for distillate under 
identical conditions, the emulsion specific fuel 
consumption is higher than that for distillate 
under almost all conditions vith the exception of 
full load at 2000 rpm and 26 deg BTDC timing (FIG 
AP107). 

The results obtained from this test matrix indicate 
that a retarded timing for both the 100% distillate 
and E20/3.9TEGDN emulsion is highly desirable to 
obtain best torque, efficiency and S.F.C. Excessive 
smoke limits the static timing to 18 deg BTDC when 
using 100% distillate. 

After carefully assessing all the results obtained to 
this point, it was considered appropriate to prepare 
an E25/3.9 TEGDN emulsion and set the static timing to 
18 deg BTDC. Results obtained were as follows: 

(a) Commencement of Injection and Combustion, Max. 
Cylinder Pressure and Max. Rate of Pressure. 

The needle lift and cylinder pressure diagrams 
are shown in FIG AP108-AP111 for 100% distillate 
and FIG AP112-AP115 for the E25/3.9TEGDN emulsion. 
Once again good repeatability is obtained at the 
higher speeds and loads. The low idle condition, 
no load and 800 rpm, is worst for repeatability 
both in terms of timing and start of combustion. 

The commencement of injection and combustion for 
both 100% distillate and emulsion throughout the 
the speed and load range are virtually identical. 
The only exceptions to this statement occur at the 
800 rpm speed where the emulsion dynamic timing 
tends to be approximately 1 deg advanced and at 
1400 rpm, 1/3 load where this increases to almost 
2 deg. 

Max. pressures for the two fuels are again almost 
identical throughout the speed and load range • 

Maximum rate of pressure is generally higher for 
E25/3.9 TEGDN emulsion than for 100% distillate 
under full load conditions at 18 deg BTDC static 
timing. Typically the rate increase is approx. 2 
bar/ deg which is equivalent to 14% (FIG AP116-
AP118). 

FIG AP119-AP121 show the variation in ignition 
delay, max. rate of pressure and max. pressure 
with torque at different sp~eds. The ignition 
delay is identical for 100% distillate and E25/3.9 
TEGDN emulsion and the max. cylinder pressures 
are very similar. The maximum difference between 
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the two fuels occurs in the max. rate of 
pressure, however, as already pointed out in the 
previous paragraph this increase with the eraulsinn 
amounts to a maximum of only 14%. 

(b) Fuel delivery, Torque and Specific Fuel 
Consumption (S.F.C.). FIG AP122 

The fuel delivery us~ng E25/3.9 TEGDN emulsion is 
marginally higher than with 100% distillate 
throughout the speed range under full load 
conditions with the exception of 1700 rp~ where it 
is marginally lower. It could however be 
considered that the fuel delivery is insensitive 
to the type of fuel being used. 
The maximum reduction in torque occurs at 1700 rp~ 
using the E25/3.9 TEGDN emulsion and amounts to 
6.9%. From consideration of calorific value ~nd 
actual fuel deliveries, the reductiJn in torque 
should have been in the order of 13.75%. 
S.F.C. does increase with the emulsion, typical 
increase being in the order of 5.4Z. 

FIG AP123-AP125 show the effect of torque on the 
fuel delivery, efficiency and S.F.C. It can be 
seen quite clearly that increased fuel deliv~ry of 
the E25/3.9TEGDN emulsion is required to attain 
the same torque as that obtained with 100% 
distillate. 
The efficiency at loads exceeding 50% is al~ost 
always higher with the emulsion the only e~ception 
being the 2/3 load condition at 800 rpm. Be lo'\ the 
50% load the efficiencies of the two fuels ace 
very similar. 

5.6 DISCUSSION Of ENGINE TEST RESULTS. 

From the results obtained it can be readily deduced 
that a stable emulsion containing distillate, hydrated 
ethanol and ignition improver can be readily prepared 
using the Apace Research Ltd. emulsifier. It is al5o 
apparent that this emulsion can be formulated to 
obtain the ignition characteristics of a high quality 
automotive distillate and that the alcohol content is 
not limited by thermodynamic considerations. The fact 
that TEGDN is used as an ignition improver for 100~ 
hydrated ethanol engines should make this obvious. 
The maximum amount of ethanol substitution will 
therefore be governed by other r~ctors, either 
physical or economic. 

• 
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The FORD 3000 engine used in these tests exhibited, on 
lOOi distillate, a rather poor thermal efficiency with 
correspondingly low torque and high specific fuel 
consumption. The improvement in performance on 
emulsion was relatively high, in fact much higher than 
could be reasonably expected. It is suspected that 
with more developed engines, the extent of performance 
improvement will be reduced over that obtained with 
the FORD 3000 engine. 

1t is to be expected that performance in terms of 
torque (power) will he reduced in some proportion to 
the calorific value of the fuel and hence, in the case 
of emulsions, to the amount of alcohol present. In 
the majority of cases the power drop will not be 
directly proportional to the calorific value of the 
fuel, the increased thermal efficiency and re
adjustment of the injection timing offsetting some of 
the calculated theoretical change. For example the 
calculated power drop for an E25/3.9 TEGDN emulsion 
compared to distillate on calorific value only should 
be 11.9%. The actual power drop obtained on the FORD 
3000 engine amounted to an average of 2.2% when 
comparing the distillate results at 20 deg BTDC and 
E25/3.9 TEGDN emulsion at 18 deg BTDC static timing. 
It would be unwise to predict this sort of performance 
for other engines and a more realistic figure would be 
in the order of 7% power drop when changing from 100% 
distillate to the E25/3.9 TEGDN emulsion with the 
static timing optimised. 
5hould the application demand that full power be 
restored then the fuel delivery would have t0 he 
increased by a corresponding amount. 
Generally there are two ways to increase the fuel 
delivery from a fuel injection pump. One way is to 
lengthen the injection period while the other is to 
increase the injection rate. 
It would seem that increasing the injection period is 
the simplest way of increasing the fuel delivery and 
in the vast majority of instances this will be the 
case. It must however be borne in mind that a 
combination of retarded timing and extended injection 
period could cause late cycle burn to occur in some 
engines. This would result in loss of thermal 
efficiency and high exhaust gas temperatures. 
Engines fitted with in-line fuel injection pumps 
having constant beginning of injection control helix 
would simply require maximum fuel and injection timing 
re-setting which is a simple operation. Generally an 
in-line pump has excess fuel capacity of at least 40%. 
There may however be rare applications where the 
additionnl fuel is inj~cte<l over a sensitive cam 
radius with res u 1 tan t. hi. g h cam stresses,. 
I n c re as in g the i n j cc t i n n pc r i o ct on a D,P A d i s t r i bu t,o t 
type purnp re:rnlts in a c:hange of injec,tion timing ;i,nd 
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this timing change woulJ have to be taken into account 
in addition to any other timing change required. This 
pump does not possess excess fuel capability and in 
some instances may already be operated close to its 
maximum rated fuel delivery. Additionally in snnP 
applications the roller- camring contact occurs 
coincidentally with ( or it may even precede) the 
delivery port opening. Increasing the delivery period 
under these circumstances would lead to high cHn 
stresses and cam failure. A change of cam to delivery 
port phasing can be achieved by a change of either the 
camring or advance piston but this woul1 affect the 
torque curve shape of the engine. 
Increasing the fuel pump delivery by incr~asing the 
fuel injec~ion rate would ne~essitate larger diameter 
pumping elements (irrespective of the type of pump). 
New injector nozzles, hopefully only having larger 
diameter spray holes, would also have to be fitted. 
Again there will be instances where a pump i3 already 
close to its design limit and a completely new pump 
would be required. This method, even in its simplest 
imple~entation could be considered as economically 
unsuitable. 

5.7 CONCLUSIONS ON ENGINE PERFORMANCE. 

* The performance of the engine was considerd excellent 
when operating on ethanol emulsions containing TEGllN 
ignition improver. 

* The amount of TEGDN required is deter111ined by the 
ethanol content of the emulsion. The optimum amou~t 
of TEGDN is considered to be 3.124 of the hydrated 
(95% v/v) ethanol. Please note that for a 15% ethanol 
emulsion there is no requirement for an ignition 
improver. 

* The maximum ethanol substitution should be consider0d 
as 25% of the emulsion resulting in changes limited to 
minor adjustments only. 

* Although not commented upon elsewhere, ~oise levels 
using the emulsion containing TEGDN were comparable Lo 
those using 100% distillate. 

6. TOYOTA LANDCRUISER. 

A Toyota Landcruiser Moclcl 11.J '•'Ji~V-KCQ fitted with nn ll 
series engine ( ind i r cc t i n j e c t ion ) has be c n 11 :; c d by Apa c: I.? 

Research Ltd. for the evaluation of a number of emulsions 
over a period of years. Most of the evaluation period ( 3 
years and 50000kms) was spent operating on 15% ethanol 
emulsion containing no ignition improvers. No problc~s 
have been experienced during this period and averc1~c roacl 
operating fuel consumption 11tas virtually identical for 
both 100% distillate and I'>~~ ethanol emulsion (12.5 
km/litre). Cold starting, ;ilthough always s.1tis(ac:tory 

• 
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when used with glow plugs. resulted in a period of knock 
during the engine warm-up period with both the 100% 
distillate and 15% ethanol emulsion. The warm up period 
tended to be longer ( 20 seconds instead of 10 seconds) 
with the emulsion. 
Once the optimum ignition improver had been established on 
the engine test bed. ~ road performance test was carried 
out. 
The fuel selected for this test was E20/3.9 TEGDN where 
the 20% ethanol content of the emulsion ccntained 3.12% 
TEGDS. It was considered that this would probably be tte 
most widely used fuel where little or no engine/ fuel 
injection equipment changes would be required and yet have 
similar thermodynamic properties to that of distillate. 
A long. straight and level stretch of road was selected 
for the vehicle road testing. A number of full 
acceleration tests were carried out at 30 to 60 km/hr in 
third gear , 60 to 80 and 60 to 90 km/hr in top (fourth) 
gear. The times obtained during these acceler3tion tests 
were averaged and are shown in Table 10. It should be 
noted that run to run variations in the measured times 
exceeded the average difference between the fuels. For 
ex3mple the time for the 60 to 90 km/hr test using 
distillate varies from 10.96 to 12.26 seconds giving an 
average of 11.65 seconds while for the E20/3.9TEGDN 
emulsion the time varies from 11.59 to 13.02 seconds with 
an average of 12.175 seconds. 
The reduction in power when using the E20/3.9 TEGON 
emulsion (although it appears to be considerable when 
times are taken into account) is not reflected in the 
driveability of the vehicle. The fuel pump delivery was 
temporarily reset, by allowing an extra 0.25 mm control 
rack travel, and it can be seen that power could be quite 
easily regained if absolutely essential. 

TABLE 10. Acceleration Times for Toyota Landcruiser. 

Speed Range k~~ 

DIST 100 
E20/ 3. 9Tfo:GON 
E20/3.9TEGDN 
(0.25 mm rack 
adjustment) 

.3. 2 2 
:3. 56 
8. 2 '3 

60-80 

11. 65 
12.175 
l l. 4 

--------80-90 

6.39 
7.445 
6.9 

-60-90-

18.04 
19.62 
18.3 

The engine performed smoothly on the E20/3.9TEGDN emulsion 
and virtually no smoke was emitted even when operating on 
excess fuel on start up. Cold starting was found to be 
superior to that on 100% distillate in ns much that glow 
plugs needed to be uo;·;d for shorter periods (approx 50%) 
a t any g i v en a :n b i e 11 t temp c r ;1 t u re and the re was a n n 1 most 
total absence of the cold start knock. 
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7. RECOMMENDATIONS. 

• From the results obtained from these tests there would 
appear to be no thermodynamic barriers to prevent the 
introduction of ethanol emulsions containing ignition 
improvers into existing diesel engined equipment. As has 
been shown, the emulsions can be tailored to give a 
performance equal to that of distillate without the need 
for any engine changes, with the exception of possible 
minor adjustments to fuel injection equipment. 
Consequently engine manufacturers and fuel injection 
equipment manufacturers should be approached and test 
programmes established in conjunction with the traditional 
fuel distributors and potential fuel (alcohol) producers/ 
suppliers within developing countries. 

* Large scale trials should be ~ndertaken in developing 
countries to: 
- Hake potential users aware of the availability of 

emulsion technology. 
- De~onstrate the compatibility of the emulsion with 

distillate and existing diesel engines. 
Demonstrate that emulsion fuels can be used with no im
pairment to the performance of diesel engined equipment. 

Such trials should have the following features: 
- Undertaken in a country with an indigenous ethanol 

supply (e.g. Malawi, Thailand, Brazil). 
Comprise a mixed fleet of automotive, agricultural and 
earth moving equipment totalling 30 to SO units. These 
units should be based within a limited area of 20 km 
radius a~d have an operating range of SO km. A further 
5 to 10 mixed units should be tested concurrently on 
100% distillate to serve as controls. 
Adequate field workshop facilities should be available 
for on site unit maintanance. Any part failures should 
be evaluated by both the original ma~ufacturer and an 
independant assessor. 
Adequate emulsion blending facilities and storage should 
be centrally located in the test area. 
Supervision and monitoring of the trial should include: 
a. Regular measurement of engine power. • 
b. Constant measurement of fuel consumption. 
c. Regular sampling of engine oil. 
d. Keeping of a maintanance log. 
e. Good record keeping of all aspects of the trial. 
The trial should extend for a minimum period of one year. 
Visits by senior government officials of other 
developing countries to observe the trials should be 
encouraged. 

Such trials would put to rest the fears and doubts 
concerning this "new fuel" that will inevitably exist. 
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* Further research should be carried out in the area of 
ignition improvers with special emphasis on 
- Increasing the effectiveness of TEGDN. 
- Establishing the effect of TEGDN in emulsions containing 

low ignition quality distillates. 
- Determining the effect of emulsions containing ignition 

improvers on exhaust emissions. 
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APPENDICES 

Engine Results Curves 

Title 

Repeatability of Needle Lift and Cyl. Pressure DIST 100 2000 rpm 
" " 1400 " 
" " 800 " 
" " IDLE 

" E20 2000 rpm 
" " 1400 " 
" " 800 " 
" " IDLE 

" E20/2.6TEGDN 2000 rpm 
" " 1400 " 
" " 800 " 
" " IDLE 

" E20/5.2TEGDN 2000 rpm 
" 
" 
" 

" 
" 
" 
" 

" 
" 
" 
II 

Effect of TEGDN on Start of Injection, Combustion, 
Max. Pressure and Pressure Rate v rpm 
DIST 100, E20, E20/2.6TEGD~, E20/S.2TEGDN 

" 
" 

Effect of ION on Start of Injection, Combustion, 
Max. Pre~sure and Pressure Rate v rpm 
DIST 100, E20, E20/0.2ION, E20/0.4ION 

II 

II 

Ef fec~ of TEGDN on Start of Injection, Combustion, 
Max. Pressure an~ Pressure Rate v Torque 
DIST 100, E20, E20/2.6TEGDN, E20/5.2TEGDN 

II 

II 

" 1400 " 
" 800 " 
" IDLE 

E20/0.2ION 2000 rpm 
" 1400 " 
" 800 ,. 
" IDLE 

E20/0.4ION 2000 rpm 
" 1400 
" 
" 

Full load 
2/3 load 
1/3 load 

Full load 
2/3 load 
1/3 load 

Full load 
2/3 load 
1/3 load 

800 
IDLE 

II 

II 
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AP46 
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Title 

Effect of ION on Start of Injection, Combustion, 
Max. Pressure and Pressure Rate v T~rque 
DIST 100, E20, E20/0.2ION, E20/0.4ION 

" 
" 

Effect of TEGDN on Start of Injection, Combustion, 
Max. Pressure and Pressure Rate v Fuel Blend 
Full load, 2/3 load, 1/3 load 

" 
" 

Effect of ION ori Start of Injection, Combustion, 
Max. Pressure and Pressure Rate v Fuel Blend 
Full load, 2/3 load, 1/3 load 

" 
" 

Effect of TEGDN on Injection Pump Delivery, 
Torque and S.F.C. v rpm 
DIST 100, E20, E20/2.6TEGDN, E20/S.2TF..GDN 

Effect of ION on Injection Pump Delivery, 
Torque and S.F.C. v rpm 
DIST 100, E20, E20/0.2ION, E20/0.4ION 

Effect of TEGDN on Injection Pump Delivery, 
Efficiency and S.F.C. v Torque 
DIST 100, E20, E20/2.6TEGDN, E20/S.2TEGDN 

II 

II 

Effect of ION on Injection Pump Delivery, 
Efficiency and S.F:C. v Torque 
DIST 100, E20, E20/0.2ION, E20/0.4ION 

" 
II 

Effect of TEGDN on Injection Pump Delivery, 
Efficiency and S.F.C. v Fuel Blend 
2000 rpm, 1400 rpm, 800rpm 

Effect of 10~ , · 
Efficiency and 
2000 rpm, 1400 . 

T,jection Pump Delivery, 
~. v Fuel BlP.nd 

· l rpm 

Full load 
2/3 load 
1/3 load 

2000 rpm 
1400 II 

800 II 

2000 rpm 
1400 II 

800 II 

Full load 

Full load 

2000 rpm 
1400 II 

800 II 

2000 rpm 
1400 II 

800 " 

Full load 

Full load 
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AP57 
AP58 
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AP61 
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AP65 
AP66 
AP67 
AP68 

AP69 
AP70 
AP71 
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AP73 
AP74 
AP75 
AP76 

AP77 
AP78 
AP79 

AP8'1 
AP81 
AP82 

AP83 
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Tit le 

Repeatability of Needle Lift and Cy I. Press11rp 
20 deg BTor 

II 

II 

II 

14 deg BTDC 
II 

II 

II 

26 deg BTDC 
II 

" 
II 

20 deg BTDC 
II 

II 

" 

14 deg BTDC 
II 

" 
II 

26 deg BTDC 
" 
" 
II 

Long Tern DIST 100 Repeatability of Start 
Injection, Combustion, Max. Pr£>ssure and 
Pressure Rate v rpm 

II 

II 

" 

Effect of Static Timing on Ignition Del;:iy, 
Max. Pressure and Pressure Rate v rpm 
14 deg, 20 deg, 26 deg RTDC 

II 

" 

" 
II 

II 

() t 

DIST 100 2000 rprr. 
II 1400 " 
II 800 II 

II IDLE 

II 2000 rpm 
II 140(1 II 

" 800 " 
" IDLE 

II 2000 rpm 
II 1400 " 
II 800 " 
II IDLE 

E20/3. QTECDN 2Cd rprr. 
II 

II 

II 

II 

II 

ti 

II 

II 

II 

" 
II 

DIST 100 
II 

II 

E20/]. <ffECl>N 
II 

II 

1400 " 
800 II 

IDLE 

:woo rpm 
i400 " 
800 II 

IDLE 

2000 r· ~ 
1400 
800 II 

IDLE 

Fu! I load 
2/1 !uad 
1/3 load 

F11 l I load 
2/1 load 
I /1 load 

F11 I l load 
2 /'~ I oCJ rt 

1 n 1 oClrt 

• 
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:' 

rIG Tit l l' 

Ef feet of Static Timing on I gr. i l i Oil DC' I a y , 
:Iax. Pressure and Pressure Rall v Torque 

AP86 14 deg, 20 d£:g' 26 deg BTDC DIST I OU 2(l(JU rpm AP87 " " 14()() " AP88 " " HOO " 

AP89 II 

E20/ "J. lJTEGD;.; :!Orn l rpm AP90 " " 140ll " AP91 " " 800 " 

Effect of St;itic Timing llll Start () ! : 
Injection, Combustion, 
Max. Pressure and Pressure Ra I l' 

AP92 Ful 1 load, 2/3 load, I /3 ! oad DIST I 00 :_!()()!) rpm AP93 II 

" 1400 II 

AP94 " " S()(l " 
AP95 " E20/j. <JTE(;[);.; :woo rpm AP96 " " 140() " AP97 II 

" Hl)ll " 
Effect of Static Timing 011 I njl'( I i 011 Pump 
Delivery, Torque anG S.F.C. v rpm 

AP98 14 deg, 20 deg, 26 deg BTDC: flI~T I 00 hil I I 11;id AP99 " E:wn. 9TE(;():..; F11 l I [Oil cl 

Effect of Static Timing 011 l njl'<" I i Oil Pump 
Delivery, Efficiency and S.F.C. v To rq 11e 

APIOO 14 deg, 20 de~. 26 deg BTDC DIST I 00 201)() rpm APIOI II 

" [ 4()() " API02 II 

" HOO II 

AP103 " r-::wn. lJTEc1>;.; :.!IJ(JO rpm 
A~l04 II 

" 1400 " AP105 II 

" Hf HJ " 

Effect of Static Timing on J 11 j1·< I i 011 1'11mp 
Delivery, Efficiency and S. F .<:. 

AP! 06 200(J rpm, 1400 rpm, 800 rpm DIST l ()() hill I Oil d API07 " uon. (rrEc1i:-.; h1l I I' >ii cl 
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Ti l IP 

Repeatability of Needle I ift and C:yl. Pressure 
18 deg BTOC 

" 
" .. 
.. 
" 
" 
" 

Effect of TEC:DN on Start of lnjPct ii:11, Comh11st ion, 
Max. Pressure and Pressure RatP v rpm 
DIST 100, E25/1.9TEc;oN .. .. 
Effect of TEC:DN on Ignition Delay, 
Max. Pressure and Pressure Rrtl l' v Torq11£> 
DIST 100, E25/l.4TF.GDN .. 

II 

Effect of E25/3.9TF.C;[)N Emulsion on Injection 
Pump Delivery, Torque and S.F.C. 
DI ST I 00, F2 5/3. 9TF.GDN 

Effect of El)/"L<JTECDN Emulsion on lnje<"t inn 
Pump Delivery, Efficiency and S.F.C. v Torq11l' 
DIST 100, E2S/J.<>TECD~ 

II 

II 

DIST 100 
" 
II 

" 

.. 
" .. 

lh rlc>g .. .. 

.. 
" 
" 

fl 

" .. 
" 

2UOO rpr:i 
1400 II 

BOO II 

IDLE 

:WOO rpm 
1400 II 

800 
IDLE 

II 

Full load 
2/J load 
I /3 I o;:?d 

:.'.UUO rpm 
1400 " 

.1-i()t I " 

Fu I I I <)<tr! 

:.'.IHJO rpm 
14\)() .. 

" 

• 
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8.1. Engine Results Curves 

D -

DEGREES T .. D. C. 

ENGINE • FORD ~000 FUEL ID . 
• • 

CAPAC ITT • 2880 c.v. • • • 
DENS ITT, . 

TEST ID. . UNID0-0 • 
• 

' 

REPEATABJLJTT OF NEEDLE LIFT ' 

AND CTLINDER PRESSURE ' 

' 

AY£RA1i£ 
TDRllU£ : 37 
R.P.". 2D34 
START llf 
.iNJN. : 13.9 
Cll"IN. : 1. 4 
D£LAT 
D£1iR££S : 12.5 
.s 1.025 
llAXJMUM 
PRESSURE: 59 
RATE . 5.6 . 
TEMPERATURES 
AJR JNLET: 32 
EXHAUST : 197 

AVERAGE 
TORllUE : 89 
R.P.11. : 2D28 
START llf 
JNJN. : 18. 2 
COMIN. : 5.1 
DELAY 
DEGREE! : 11.l 
.s : .912 
llAXJMUM 
PRESSURE: 7D.4 
RATE : 9. 3 
TEMPERATURES 
AJR INLET: 31 
EXHAUST : 285 

AVERAGE 
TllRllUE : UD 
R.P.M. : 2009 
START llf 
INJN. 20.7 
ClllllN. 9.1 
D£LAT 
DEGREES 11.8 
.s .958 
MAXJHUll 
PRESSURE: 90.5 
RATE 13.3 
TEMPERATURES 
AJR INLET: 31 
EXHAUST : 377 

DJST 100 
42.75 
• 849 

FlG AP1 
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a -

DEGREES T.D.C. 

ENGINE • FORD 3'000 FUEL ID • • • 
CAPAC ITT • 2860 c.v. • • . 

DENS ITT • 
TEST ID. • UNIDtJ-0 • . 
REPEATABJLITT OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

AVEIAK 
TMIUf : 37 
R.P.M. : 1451 
STAil If 
JNJN. : 14.1 
ClltlN. : 5.1 
DEUIT 
D£Gl££S : 1.2 
.s : 1.011 
llAXJllUll 
PIESS•E: 11.4 
IATE : 1.1 
TEllPEIATUIES 
AJR JNL£T: 31 
EIHAUST : 154 

AVEIAK 
TIRIUE : 18 
R.P.M. : HSI 
STAil If 
JNJN. : 11.1 
CIJllH. : 1.3 
DELAT 
D£Gl££S : 9.4 
., : 1.011 
llAXJllWI 
PIEUURE: 15.4 
UTE : I.& 
TDPEHTUIU 
AIR 1Nl.£T: 11 
EXHAUST : 233 

AVEIAGE 
TlllUE : 141 
l.P.". : 1452 
STAil Gf 
JNJN. : 22. I 
CIJllN. : 12.1 
D£LAT 
D£0££S : JO. 2 
.s : J.Jll 
llAJU"Ult 
PRESSURE: 18.2 
RATE : n.e 
TEllHIATUl£S 
All INLET: 31 
EXHAmt : 387 

DIST 100 
42.75 
• 849 

FIG AP2 

• 
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D -• 

D -

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID • • • 
CAPAC ITT • 2860 c. v. . 

• . 
DENS ITT . 

TEST ID. • UN!D0--0 . 
• 

REPEATRBILITT OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

AVERAGE 
TIRDUE : 37 
l.P.". . 117 . 
START Of 
INJN. . 15.5 . 
CMIN. . 1.4 . 
DELRT 
DEGREES : 7.1 
.s : l.465 
llAXlllUll 
PRESSURE: 64.5 
IATE : 7.4 
TEMPEIRTURES 
RJR INLET: 31 
EXHAUST : 140 

AVERAGE 
TIRDUE 19 
R.P.". : 109 
START OF 
INJN. : 16. 4 
CO"IN. : JD. J 
DELAT 
DEGREES : 8.3 
.s : 1.291 
"AX I HUH 
PRESSURE: 73.4 
RATE : 1.2 
TEMPERATURES 
AJR INLET: 31 
EXHAUST : 191 

RVEIAGE 
TIRDUE : 148 
R.P.M. : 143 
STAil OF 
INJN. : 18. 4 
CIMIN. : l O. J 
DELAT 
DEGREES : 8.3 
•' : 1. 24 
HAXJMUM 
PRE.HUIE: 11 
RATE : e.e 
TEMPERATURES 
AJR INLET: 31 
EXHAUST : 321 

DIST 100 
42.75 
• 849 

FIG AP3 



Cl -
II 

ENGINE 
CAPAC ITT 
TEST ID. 

- 60 -

DEGREES T.D.C. 

• FrJRD 3000 FUEL ID • 
• 2860 c.v. • 

DENS ITT • UNID0.-0 • 

REPEATABILITT OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

• • . 
• 
• • 

AYEltAGf 
TIRDUf : 3 
..... ft. : 120 
START Df 
!NJN. : 15. l 
Cl"'"· : 7.1 
DflAT 
DfGlffS : 7.3 
.s : J.471 
llAXJ"U" 
.. ltfSSUlf: 55.1 
IATf : 1.3 
TEllPEIATUIES 
All JHLET: 21 
EXHAUST : 14 

DIST 100 
42.75 
• 849 

FIG AP4 

.. 
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f ~ 
• 
-= CE • 

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID • • • 
CAPAC ITT • 2860 c.v . . • . 

DENS ITT • TEST ID. • UNlD0.-1 • • 

REPEATABILITY Of NEEDLE LIFT 
AND CYLINDER PRESSURE 

E20 
38 
• 846 

AVERAGE 
TIHtlUE : 35 
l.P.I. : 2021 
START IF 
INJN. . 14. l . 
CIMIN. . -.5 . 
DELAY 
DEGREES : 14.6 ., : 1.202 
llAXJIUtl 
PRESSURE: 81.S 
IATE : 8.1 
TEMPERATURES 
RJR INLET: 29 
EXHAUST : 176 

AVERAGE 
TIRDUE : 19 
l.P.I. : 2042 
START IF 
INJN. : 16 
CIMIN. : 2.1 
DELAY 
DEGREES : 13.2 
.s : 1.074 
IAXJIUM 
PRESSURE: 73.l 
IATE : 9.5 
TEMPERATURES 
AIR INLET: 31 
EXHAUST : 271 

A¥DA&E 
URDU£ : lJ& 
R.P.M. : 2011 
START OF 
lNJN. : 20.1 
CIMIN. : 7.3 
DELAY 
DEGREES : 12.8 
.s : 1.063 
IAXJMUM 
PRESSURE: 92.7 
IATE 17.8 
TEMPERATURES 
All INLET: 31 
EXHAUST : 358 

FIG AP5 
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a -

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID • 
CAPACITY • 2860 c.v. • 

DENSITY TEST IO. • UNID0.-1 • 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE ' 

. 
• . . . . 

E20 
38 
• 846 

AVERAGE 
TlltlUE : 31 
l.P.M. : 1438 
STAil If 
INJN. : 15.1 
CORIN. : 5.5 
DELAT 
DEGREES : 10.1 
., 1.178 
llAXIMUlt 
PRESSURE: 85.3 
IATE 1.1 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 155 

AYE RAGE 
TIRIUE : 89 
l.P.M. : 1444 
START Of 
JNJN. U. l 
CIMIN. : 7.3 
DELAT 
DEGREES : 10.1 
., 1.25 
MAXIMUM 
PRESSURE: ?8.1 
IATE 12. 4 
TEMftERATURES 
AJR INLET: 32 
EXHAUST : 230 

AVERAGE 
TIRGUE : 148 
R.P.". : 1450 
START OF 
INJN. 22.8 
Cl"IN. : 10. 7 
Df!.RT 
DEGREES : 12. 1 
.s 1.383 
ftAXJHUH 
PRESSURE: 97.f 
IATE 20 
TfltP!RATJRES 
AIR IHLET:SO 
EXHAUST : 371 

FIG RPS 

.. 
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0 -

DEGREES T.D.C. 

ENGINE • FtJRD 3000 FUEL ID • • • 
CAPAC ITT . 2880 c.v. . • . 

DENSITY . 
TEST ID. • UNIDtJ..1 . . 
REPEATABILITY OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

E20 
38 
• 846 

AVERAGE 
TllRDUE : 31 
l.P.". : 124 
START OF 
INJN. . 11.6 . 
ca"eN. . 10.1 . 
DELAT 
DEGREES : 1.5 
.s 1.723 
llAXJMU" 
PRESSURE: 67 
IATE 9.7 
TEMPERATURES 
AJR INLET: 21 
EXHAUST : 135 

AVERAGE 
TORDUE : 92 
R.P.M. : 124 
START Of 
INJN. 11 
COMIN. : 10 
DELAT 
DEGREES : I 
.s 1.8 
MAXIMUM 
PRESSURE: 77.9 
RATE 10.1 
TEMPERATURES 
AJR INLET: 28 
EXHAUST : 199 

RV ERA GE 
TORQUE : 146 
R.P.M. : 841 
START OF 
INJN. 18. 2 
COMIN. : 1 D. 1 
OE LAT 
DEGREES : 8.1 
., 1.581 
llAXJMUM 
PRESSURE: 19.8 
RATE 12.l 
TEMPERATURES 
AJR INLET: 31 
EXHAUST : 312 

FIG AP? 
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AVERAGE 
TORQUE . 3 . 
"·'·"· . 132 . 
START Of 

Cl JNJN. . u.s - . 
COHIN. . I 

.. .. . 
DE LAT 
DEGREES : 1.5 
.s 1.703 
HAXJHUH 
PRESSURE: 52.8 
RATE 4.9 
TE"PERATURES 
RJR INLET: 28 
EXHAUST ; 94 

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID . E20 . . 
CAPAC ITT • 2860 c.v. . 38 • . 

DENS ITT • • 846 TEST ID. • UNID0.-1 . . 
REPEATABILITT OF NEEDLE LIFT FIG AP8 AND CTLINDER PRESSURE 
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:' 

D ... 

D -• 
" er .. 

DEGREES T.D.C. 

ENGINE . FORD 3000 FUEL ID • . • 
CRPACITT • 2860 c.v . • • . 

DENS ITT • 
TEST ID. . UNID0-2 . . 
REPERTRBILITT OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

AVERAGE 
TORllUE : 35 
R.P.". . 2028 . 
START OF 
INJN. 13.8 
CO"BN. . l. l . 
DELAY 
DEGREES : 12.5 
.s . l.03 . 
"AXJMUM 
PRESSURE: 58.8 
RATE 8.9 
TDIPERATURES 
AJR JNLCT: 29 
EXHAUST : 181 

AVERAGE 
TORllUE . 89 . 
R.P.". . 2084 . 
START OF 
INJN. . 15.8 . 
COMBN. ; 4. 8 
DELAY 
DEGREES : ll. 2 
.s .902 
MAXIMUM 
PRESSURE: 71. l 
RATE . 9.4 . 
TEMPERATURfS 
AIR INLET: 30 
EXHAUST : VJ 

RV ERA GE 
TOR RUE : f 33 
R.P.M. : 2056 
SlART OF 
INJN. 20. I 
CO"BN. : 8. 2 
DELAT 
DEGREES : Jl. 2 
.s .988 
MAXJ"UH 
PRESSURE: 89.6 
RATE 14'. 8 
TEMPERATURES 
AJR JNLET: 21 
EXHAUST : 384 

E20/2.6TEGDN 
38 .. 42 
• 847 

FIG AP9 
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a -

DEGREES T.D.C. 

ENGINE • FrJRD 3000 FUEL In • • • 
CAPACITY • 2860 c.v. . . . 

DENSITY . 
TEST ID. . UNIDtJ.-2 . . 
REPEATABILITY rJF NEEDLE LIFT 
AND CYLINDER PRESSURE 

AYEltA&E 
TIJRDUE : 35 
··'·"· : 1436 START Df 
INJN. 13.7 
CIJ"IN. : 4. 7 
DELAY 
DEGREES : 9 
.s 1.049 
"AXI"U" 
PRESSURE: 81.l 
RATE 8.8 
TE"PERATURES 
AJR INLET: 28 
EXHAUST : 153 

AVERAGE 
TDRUUE : H 
R.P.". : 1443 
START Of 
INJN. 17.8 
CIJHIN. : 8. 4 
DELAY 
DEGREES : 9.4 
.s 1.084 
HAXJHUH 
PRESSURE: 77.2 
RATE 10.8 
TEMPERATURES 
AJR JNLET: 30 
EXHAUST : 228 

AVERAGE 
l~RCZUE : I 44 
R.P.H. : IU4 
START OF 
lNJN. 22..8 
CIJHIH. : 12. J 
DELAY 
DEGREES : 10.7 
.s ; 1.241 
MAXIMUM 
PRESSURE: 95.S 
RATE 18 
TEMPERATURES 
AIR INLET: 20 
EXHAUST ; 375 

E20/2.6TEGDN 
38.42 
• 847 

I FIG AP10 
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D -

D -• 
II: 
~ .. 

DEGREES T.D.C. 

ENGINE • FrJRD 3000 FUEL ID • • . 
CAPAC ITT • 2860 c.v . . . . 

DENSITY . 
TL3T ID. • UNID0-2 . 

• 

REPEATABILITT OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

AVERAGE 
TORQUE : 37 
R.P.M. : 141 
STMT ar 
INJN. : 17.7 
CGHIN. : 10.8 
DELAT 
DEGJt££S : tl.9 
.s : 1.35 
MAXJHUH 
PRESSURE: 88.3 
RATE : 9.8 
TEHPERATUR£S 
AJR INLET: 30 
EXHAU~T : 138 

AVERAGE 
TORQUE . 90 . 
R.P.H. . 822 . 
START Of 
INJN. 11.2 
COHIN. . ll. 2 . 
DELAT 
DEGREES : 7 
.s 1.426 
MAXJHUH 
PRESSURE: 78.9 
RATE : 8.8 
TEHPERATURES 
AJR INLET: 30 
EXHAUST : 205 

AVERAGE 
TORGUE US 
R.P.H. 836 
START OF 
INJN. : 18. 2 
COHIH. : 1 l." 
DELAT 
DEGREES : 8.1 
.s 1.352 
MAXJllUH 
PRESSURE: 89.3 
RATE : 9.2 
TEMPERATURES 
AlR INLET: 31 
EXHAUST : 314 

E20/2.6TEGDN 
38.42 
• 847 

f1G AP 11 



:' 

- 6e -

a -.. 
AVERAGE 
TllRDUE : l 

"·"·"· : 129 START CJf 
JNJN. : 18.J 
CCJMIN. : 8 
DEL AT 
D£GR££S : 1.J 
.s ; 1.424 
MAXJMUM 
'ltESSUR£: 5'.4 
RAT£ : 8. J 

........ ~,.111:!. ..... .Jt:~.C::~~~-~.~·~._..., 
l£Mt'UATUR£S 
AJR JWL£T: 28 
EXHAUST : JOO 

DEGREES T.D.C. 

-- . ENGINE • FORD 3000 FUEL IO : E:l0/2.6TEGDN . 
CAPAC ITT • 2860 c.v. : 38. 42 . 
TEST ID. • UNJD0--2 DENC'TT : ' • 847 

• ' 

',I 
.. -

REPEATABJLITT CJF NEEDLE LIFT FIG AP12 AND CTLJNOER PRESSURE 
' ' 
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a -• 
c 
~ .. 

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL JD . • . 
CAPAC ITT . 2860 c.v. . • . 

DENS ITT . 
TEST ID. . UNJD0.-4 . . 
REPEATABILITY OF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

AVERAGE 
TORQUE : 34 
R.P."~ : 2028 
SlART OF 
INJN. 13. 5 
CDHSH. : 2.1 
DELAY 
DEGREES : 11.4 
:.aS • 938 
"AX I HUH 
PRESSURE: 58.J 
RATE 5.3 
TEMPERATURES 
AIR IHL£T: '27 
EXHAUST : 180 

AVERAGE 
TORQUE . 9:J . 
R.P.". . 2100 . 
START OF 
INJN. U.6 
CDH8N. s.s 
DELAT 
DEGR , 11.1 
.s • 88 
HAXIHl'fi 
PRESSURE: 72.2 
RATE 8.9 
TEMPERATURES 
AIR INLET: 28 
EXHAUST : 285 

AVERAGE 
'TORQUE : 138 
R. P.H. : 21115 
START Of 
INJH. 20.3 
CO"IN. : 9.8 
DELAT 
&EGR££S : JD.5 
.s . 888 
MAXI HUH 
PRESSURE: 11.8 
RATE J 1. 5 
TEMPERATURES 
AIR INLET: 30 
EXHAUST : 393 

E20/S.2TEGDN 
38.29 
. 849 

FJG AP13 
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D -
IC 

DEGREES T.D.C. 

ENGINE . FrJRD 3000 FUEL ID . . . 
CAPACITY . 2860 c.v . . . . 

DENSITY . 
TEST ID. • UNIDrJ-4 . . 
REPEATABILITY OF NEEDLE LIFT I AND CYLINDER PRESSURE ' 

' 

AVfltAGE 
TDRllUE : 35 
R.P.M. . 1n1 . 
START OF 
INJN. : l2.4 
CDMIN. . 4 . 
DEL AT 
DEGREES : 1.4 
.s . • 97 . 
"AXJMU" 
PlESSURE: 51.l 
RATE S.7 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 152 

AVERAGE 
TDRDUE : 89 
R.P.M. : 1443 
START DF 
INJN. 11. J 
CDMIN. : 9.2 
DflAT 
DEGREES : 1.9 
.s 1.032 
"AXIICUM 
PRESSURE: 77.3 
RATE I.I 
TEHPERATURES 
AIR INLET: 29 
EXHAUST : 231 

AVERAGE 
TORllUE : 146 
R.P.". : 1437 
START Of 
INJN. 22.1 
COMIN. : 12. 7 
DEL AT 
DEGREES : 10.1 
.s 1.189 
MAXJMU" 
PRESSURE: 94.4 
RATE 12. 3 
TEMPERATU~ES 
AIR INLE~: 31 
EXHAUST : 377 

--
E20/S.2TEGDN 
38.29 
• 849 

FIG AP14 
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D -

DEGREES T.D.C. 

ENGINE . FORD 3000 FUEL ID . . • 
CAPACITY . 2860 c.v. . . . 

DENS ITT . 
TEST ID. . UNID0.-4 • 

• 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

AVERAGE 
TDRDUE . 37 . 
lt.P.M. . 125 . 
START aF 
INJN. . 11.1 . 
CDHIH. : ll.7 
DELAY 
DEGREES : 7.1 
.s . l. 433 . 
"AX I MUM 
PRESSURE: 65 
RATE . 1.5 . 
TEMPERATURES 
AIR INLET: 21 
EXHAUST : 133 

AVERAGE 
TDRDUE : 93 
R.P.M. : 829 
START aF 
INJH. 19 
CDHBH. : 12.7 
DELAY 
DEGREES : 6.3 
.s 1.266 
"AXI"UH 
PRESSURE: 77.6 
RATE : 9.7 
TEMPERATURES 
AIR INLET: 27 
EXHAUST : 198 

AVfRAGE 
TDRDUE 147 
R.P.H. : 130 
START Df 
INJN. 18.9 
COHBH. : 12. 8 
DELAT 
DEGREES : 8.1 
aS 1. 24 
"AX I HUH 
PRES3URE: 90.8 
RATE 9.5 
TEMPERATURES 
P.JR INLET: 29 
EXHAUST : 315 

E20/5.2TEGDN 
38.29 
• 849 

FJG AP15 
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a -

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL 10 • 
CAPAClTT • 2860 c.v . • 

DENSJTT TEST ID. . UNIDtJ.-4 • 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

. . . . . . 

AVERAGE 
TORllUE : 3 rt.,.."· : 1127 
START fJF 
lNJN. : 17.7 
CfJ"IN. : 10.J 
DELAT 
DEGREES : 7.8 
.s ; l.52 
MMXJMUM 
PRESSURE: 58.5 
RATE ; 5.7 
TE"PERATURES 
AJR INLET: 21 
EXHAUST : 17 

E20/S.2TEGDN 
38.29 
• 848 

FlG AP16 



D -

D -• 
c er .. 

ENGINE 
CAPAC ITT 
TEST ID. 

- 73 -

DEGREES T.D.C. 

• FrJRD 3000 • 
• 2880 • . UNID0.-5 • 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

FUEL ID • • 
c.v. • • 
DENSITY • • 

RYfltAGE 
TM&U£ : 31 
l.P.I. : 201, 
START If 
INJN. . 13., . 
CMIN. . .s . 
Df LRT 
DEGRE£! : 13.2 ., . 1.011 . 
IRXllUI 
PlfSSUltf: 11.3 
IATE . 8.2 . 
TEIP£JtATUlt£S 
AIR INLET: 2' 
EXHAUST : 190 

AYEIAGf 
TDRDUf : 11 
l.P.1. : 2017 
START IF 
INJN. : 15.8 
ClllN. : 3.1 
0£LAT 
DEGREES : 11.9 
.s : . 81 
"AXlMUll 
PIESSUIE: 72.3 
IATE : 10.4 
TEIPEltATUltES 
AIR IHLET:.SO 
EXHAUST J 287 

AVERAGE 
TORQUE : l JI 
R.!l'.M. : 2017 
START OF 
INJH. : 20.3 
CIMIH. : 8.2 
DflAT 
DEGREE! : 12. l 
., : .997 
MXJMUH 
•1tE.9SURE: 92 .... 
IATE : 17.? 
TWEIATURES 
All ltlLET: J4 
EXHAUST : HO 

E20/.2IrJN 
38 
• 846 

FJG AP17 
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T 

a -
• 
I • 

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID • 
CAPACITY • 2860 c.v. • 

DENSITY TEST ID. • UNJD0.-5 • 
REPEATABILITY rJF NEEDLE LIFT 
A~J CYLINDER PRESSURE 

• • 
• • 
• • 

AVEIRSE 
TMIU£ : JS 

··'·"· : 1422 STAil If 
JNJN. : 11 
c ..... : 3.1 
DflAY 
D£GIE£S : I.I 
.s : 1.155 
llAXJllUll 
PlfSSUIE: 11 
UTE : 7.7 
TEllPEIRTUIES 
RJI INLET: 21 
EXHAUST : 151 

AYEIRIE 
TRIUE : II 
l.P.M. : 1438 
STAil CJF 
INJN. : 17.8 
CCJllN. : 8.1 
DELAY 
DEGREES : 1.7 
.s : 1.n 
MAXIMUM 
Plt£SSUltE: 78.8 
ltATE : 10.8 
TEIPEIATUIES 
RJI INLET: 21 
EXHAUST : 224 

AVERAGE 
TIRllUE : I 4.7 It.,. M. : 1458 
STAil OF 
INJN. : 22.8 
CIMIN. : 1J • J 
DELAY 
DEGREES : 11.5 
., : 1.312 
MAXIMUM 
Plt£SSUI£: 91.3 
IAT£ : 19.1 
TQIPEIATUl£S 
All INLET:so 
EXHAUST : 171 

E20/.2ICIN I 
38 
• 846 

FIG AP18 
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D -
• 

DEGREES T.D.C. 

ENGINE • FtJRD 3000 FUEL ID • • • 
CAPACITY • 2860 c.v . . 

• • 
DENSlTY . 

TEST ID. • UNl DtJ.-5 • 
• 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

AVERAGE 
iMIUf . Ji . 
l.P.M. . IV . 
STAil Of 
INJN. . 11.1 . 
COHN. . 10.1 . 
DELAY 
DEGREES : • .s . 1.599 . 
MAXJ"U" 
PRESSURE: 65.6 
RATE . 1.9 . 
TEMPERATURES 
AIR INLET: 27 
EXHAUST : 128 

AVERAGE 
TORGUE : 93 
R.P.M. : 832 
START Of 
INJN. : 18. I 
COMIN. : 11 
DELAY 
DEGREES : '·' .s : 1.585 
MAXIMUM 
PR£SSUltf: ?9.5 
RATE : 10.3 
TDIPERATUltES 
AJR INLET:JO 
EXHAUST : 201 

AVERAGE 
TORQUE : 149 
R.P.M. : 838 
START OF 
INJN. 18.3 
CIMIN. : ll 
DELAY 
DEGREES : 7.3 
•S I. 439 
MXJMUM 
•R£SSUR£: 91. 5 
IATE 1J 
TEtlPERATURES 
AJR INLET: 28 
EXHAUST : 317 

E20/.2ION 
38 
• 846 

I FIG AP19 
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a -.. 

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL ID • 
CAPACITY . 2860 C. 'I. • 

DENSITY TEST ID. • UNID0.-5 • 

REPEATABILITY OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

• • 
• • 
• • 

AVERAGE 
TllRGUE : 3 
lt.P.ft. : 821 
START Of 
INJN. : 18. I 
CGftlN. : 1.7 
DEL AT 
DEGREES : 1.2 
.s : 1. 878 
ftAXJftUH 
PRESSURE: 55.8 
RATE : 8.5 
TEMPERATURES 
AIR INLET: 27 
EXHAUST : 14 

E20/. 2HJN 
38 
• 846 

FIG AP20 
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0 -

0 -
• 

II: • • 

DEGREES T .. D .. C. 

ENGINE • FfJRD 3000 FUEL ID • .. • 
CAPAC ITT • 2880 c.v . . .. .. 

DENS ITT • TEST ID. • UNID0-6 .. .. 
REPEATABILITT OF NEEDLE LIFT 
AND CTLINDER PRESSURE 

AVERAGE 
TM DUE . 34 . 
l.P.M. . 2042 . 
START Bf 
INJN. . n.1 . 
CB"IN. . 1.1 . 
DELAY 
DEGREES : 12.1 ., . 1.021 . 
MAXIMUM 
PRESSURE: 10.S 
RATE . 8.1 . 
TEJtPERATURES 
AIR INLET: 21 
EXHAUST : 117 

AVERAGE 
TORllUE : 19 
R.P.". . 2041 . 
START Bf 
INJN. . 15.1 . 
COMIN. : 4 
DE LAT 
DEGREES : 11.1 
.s . .... • 
MAXIMUM 
PRESSURE: 14.S 
RATE : 9.8 
TEJtPERATURES 
AJR INLET: 21 
EXHAUST : 289 

AVERAGE 
TOR GUE : I 38 lt.P.". : 2015' 
START Of 
INJN. 20. 3 
COMIN. ; 8.2 
DD.AT 
DfGIEfS : 12. J 
., • 998 
MAXIMUM 
,.RES.SURE: SJ. 9 
RATE 18. 4 
TfMftfRATURES 
AIR INLET: 27 
EXHAUST : 385 

E20/. 4HJN 
38 
. 848 

FIG AP21 
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a -

DEGREES T.D.C. 

ENGINE • FtJRD 3000 FUEL ID • • • 
CAPAC ITT • 2860 c.v. • • • 

DENS ITT • 
TEST JD. • UNJD0.-6 • • 
REPEATABJLITT tJF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

AVERAGE 
TIJltllUE : 35 
l.P.M. : 1438 
STAJtl IJF 
JNJN. : 12. 2 
CIJlllJI. : 2.1 
DELAY 
D£GIE£S : 9.3 
.s : 1.074 
MAXJMUM 
PRESSURE: 59.l 
IATE : 7 
TEJtPEltATUIES 
AJlt INLET: 21 
EXHAUST : 141 

AVERAGE 
TIJRllUE : 90 
R.P.M. .: 1443 
START IJF 
INJN. : 11. 2 
CIJMIN. : 1.3 
DELAY 
DEGJtEE.S : 9.1 
.s : 1.148 
MAXIMUM 
PRESSURE: 71.7 
RATE : 10.8 
TEltPERATUR£S 
AJR INLET: 27 
EXHAUST : 227 

AVERAGE 
TIJltGUE : 148 
R.P.M. ; 1437 
START IJF 
INJH. : 22. 9 
CIMIH. : lJ. 8 
DELAY 
DEGIEU : 11 
.., : J. 211 
MAXJMUM 
PRE»UR£: 91.8 
RATE : JS.? 
TEltr£MTUlt£S 
All INL£T:SO 
fXHAUSl : 175 

E20/. 4HJN 
38 
• 848 

FIG AP22 



- 79 -

a -• 

DEGREES T.D.C. 

ENGINE • FrJRD 3000 FUEL ID • 
CAPAC ITT • 2860 c.v . • 

DENS ITT TEST ID. • UNJDrJ-8 . 
REPEATABILITT rJF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

. 
• . 
• 
• . 

AVERAGE 
TORDUE : 37 
R.P.M. : 133 
START flf 
INJN. : 17. 7 
CfJMIN. : 10.3 
DELAY 
DEGREES : 7.4 
aS : J. 4SI 
RAXJ"UR 
PRESSURE: 85.S 
RATE : 8.1 
TERPERATURES 
AJR INLET: 27 
EXHAUST : 128 

AVERAGE 
TfJRDUE : 91 
R.P.M. : 823 
START Df 
INJN. : 11. 8 
CIMtN. : ll. 2 
DELAY 
DEGR£ES : 7.4 
., : 1.492 
HAXJHUH 
PRESSURE: 80.9 
RATE : 9.1 
TEMPERATURES 
AJR INLET: 27 
EXHAUST : 209 

AVERAGE 
TORGUE : 149 
R.P.M. : 836 
START flF 
INJN. !l.3 
COMIH. : 1! 
DELAT 
DEGREES : 7.3 
.., 1.448 
ltAXJMUM 
PR£.UUR£: SJ. 3 
RAll : ll. I 
T£JtPERA1UR£S 
AJR IHLET:\O 
EXHAUST : 11J 

E20/. 4HJN 
38 
• 846 

FIG AP23 



- 80 -

a -

DEGREES T.D.C. 

ENGINE • FORD 3000 FUEL JD . 
CAPACITY • 2860 c.v. • 

DENSITY TEST JD. • UNJD0.-6 • 

REPEATABJLJTT OF NEEDLE LIFT 
AND CYLINDER PRESSURE 

• . 
• • . . 

AVERAGE 
TORllUE : ~ 
R.P.". : 122 
START Of 
INJN. : JS. 8 
COHIN. : 1.5 
DEL AT 
DEGREES : 7.4 
.s : J. 485 
"AXJ"UH 
PRESSURE: 55.2 
RATE : 8. 2 
TEHl'ERATURES 
AJR INLET: 28 
EXHAUST : 82 

E20/.4JrJN 
38 
.646 

FlG AP24 



- 81 -

:' 

~ 
• • z 

IJ 20 .... 
-z 
t-Du 18 
~;:c 16 
~~~14 
-men 12 z: 
l&..D~ l 0 
DUn::: B 

C9 
t-Cll.J 6 n::z 
ccccc4 .... 
U> 2 

0 

ll.J 
n:: 
::J 20 en 
U> . 18 
l&J m 16 n:: 
D.. e.14 

... 
IL n::: 12 • D a: -c 
ll.J 

m 10 
.... 8 cc 6 n:: 

• 4 
x 2 cc 
z: 0 

10 
w • 1 I n:: zp< - ~ .. ::J 90 
U> 
U> 

~80 w 
n:: 
D.. m 

• 70 
x 
cc 
z: 60 

so ~ ado iJoo l too 1700 2doo 
R.P.M. 

ENGINE . FORD 3000 • DIST 100 • 
CAPAC ITT: 2860 II E20 

~ • E20/2. 6TEGDN 
:1 E20/S. 2TEGDN 

EFFECT OF TEGDN ON FULL LOAD 
START OF: INJECTJnN,COMBUSTION, 
MAX. PRESSURE & PRESSURE RATE FIG AP25 



z 
D 20 -z 
~Du 18 
~;:c 16 
~~:ii 14 
-men 12 x 
ILD~ 10 
DUg:S 

CJ 
~cUJ6 
ct::Z 
CC~C4 
~ 
cn 2 

LaJ 
It: 

0 

:::> 20 en 
cn · 18 
~ t31s 
IL ~ 14 
~ ~12 
LaJ m10 
~ 8 
~ 6 

LaJ 
It: 
:::::> 
en 
en 

"' It: 
L 

• x 
cc 
2: 

4 
2 
0 

10 

90 

~80 
m 

70 

60 

so 
8 0 1 00 

ENGINE FORD 3000 
CAPACITT: 2860 

EFFECT nF TEGDN nN 

- 82 -

.. 

1 00 
R.P.M. 

START OF: lNJECTlON,COMBU~TION, 
MAX. PRESSURE & PRESSURE RATE 

I 

1 00 2 (lQ 

• DIST 100 
• E20 
• E20/2. 6TEGDN 
z E20/5. 2TEGDN 
2/3 LOAD 

FlG AP26 



I 

- 83 -

z 
l!J 20 -z 
t-Du J B 
fj;:o 16 
IVJ~ j 4 
Z::::J 
-mUl 12 z: 
lL.D~ J 0 
DU 0:: B 
1-0CJ n-:·..,, UJ 6 
ri([C 4 
I-
'() 2 

0 

UJ 
a::: 
::::J 

20 I VJ 
(/) · 1 B 
UJ IB 1 s 0:: 
0... e 14 
lL. 0::: 1 2 D cc 
UJ 

m 10 
I- B 
ct 6 a:: 

i . 4 
x 2 cc 
z: 0 

10~ 
1'J 
a: 90 ::::J 
VJ 
VJ 

0:: 80 ..LI 
a: cc 
0... m 

. 70 
x 
a: r-== 
z:: 60 

50 
8 0 1100 

ENGINE : FORD 3000 
CAPACITY: 2860 

1400 
R.P.~. 

2doo 

• DIST 100 
m E20 
• E20/2. STEGDN 

. z E20/5. 2TEGDN 
EFFECT OF TEGDN ON _C/3 LOAD 
START OF: INJECTION, COMBUJlHJN. fl .. G AP

2
? 

MPX. PRESSURE & PRESSURE RwTE -- ' ' 



z 
D 20 -z 
1--Du 18 
~;:c 16 
~~:n 14 
-~en 12 
ILD~ JO 
DUa:: 8 CJ 

~~"" 6 
~a:C4 
en 2 

l&J 
n::: 

0 

:::::J 20 en 
en · 18 
~ IB is 
IL e 14 
~ ~12 
"" mlo 
..... 8 
~ 6 

• 
>< a: 
z: 

lU 
a:: 
:::::J 

"' en 
lU 
Ir 
IL 

• 
>< 
a: 
z: 

4 
2 
0 

10 

90 

~80 
m 

70 

60 

50 

EN' 

~ 

~-

8 0 l 00 

• FORD 3000 . 
CA~ ..... 1TT: 2860 

EFFECT OF Jr.IN tJN 

:.... 84 -

• 

' 

.. 

1 00 
R.P.M. 

' 

START rJF: : l NJECT Ir.IN, CtJMBUST) ON, 
, 11AX. PRESSURE & PRESSURE RR,TE ' 

. .. 
• 

•• Zf 

1 00 2 00 

I • DJST 100 
• E20 
... E20/. 2HIN 
Jl E20/. 4HJN 
FULL LOAD 

F1G AP28 



LLI 
It: 
:::J 20 
UJ 
UJ • 16 
~ i31 s 
IL e 14 
~ ~ 12 
LLI mJO 
t- 6 
~ 6 
. 

x 
ct 
2:: 

LLI 
It: 
:::J 
UJ 
UJ 

4 
2 
0 

10 

90 

a::: 8 0 

~· 
LLI 
It: cc 
IL m 

70 . 
x 
ct 
z: 60 

50 
8 0 l 00 

ENGINE . f rJRD 3000 • 
CAPAC I TT; 2860 

EFFECT tJF ION tJN 
' 

- 85 -

n 

.. 
• 

1loo 
R.P.M. 

, START tJf; INJECTltJN,CtJM6USTJON. 
, MAK. PRESSURE, ' PRESSURE RATE 

.. 

-:~ 
~ 

i?oo 2600 

• DIST 100 
II E20 
.a E20/.2JON 
s E20/.4ION 
213 LtJAD 

FIG AP29 



- 86 -

z 
D 20 -z 

~ t-Du l 8 
~;:cl 6 
IUJ~ l 4 • Z:::J 
-mV> 12 

2: 
IL.D~ l 0 
DUe:e 

Cl 
t-CllJ 6 
e:z 
a: a: Cl 4 
t-
UJ 2 

0 

L&J 
It: 
::- 20 UJ 
UJ . l 8 
L&J m 16 It: .,_ e 14 
IL. It: l 2 D a: 
L&J 

m 10 : =--!. t- 8 t ~ a: 6 

t 
= It: ! . 4 

x 2 cc 
2: 0 

10 
L&J 
It: 90 :::J 
UJ 
VI 

It: 80 L&J 
It: a: 
L m 

• 70 
x J cc 
~ 60 • .. 

50 
8 0 l OD l 00 l 00 2 00 

R.P.M. 

ENGINE . FORD 3000 • DJST 100 • 
CAPAC ITT: 2860 ' II E20 

' • E'.20/. 21 ON 
' 

' 
z E20/.4JON 

EFFECT OF ION ON ' 1/3 LOAD 
START tJF; INJECT I ON, Ctlt18US T JON, , 
MAX. PRESSURE ' PRESSURE RATE ' FlG AP30 I 



- 87 -

z 
D 20 -z 
t-Du 18 
fi1;:c 16 
•U>:O 14 ~ Z::::J 
-mU> 12 
~ 

ILD~ 10 
DUa:e 

CJ t-Cl&.16 a:z 
a:a:C 4 ..... 
U> 2 

0 

I.LI 
a: 
::::J 20 UJ 
U> .1 e 
l&J IB 16 a: 
L 

e14 
IL a: 12 D er 
I.LI 

ml CJ 
..... 8 a: 

6 a: 
• 4 

x 2 a: 
~ 0 

10 
I.LI 
a: 90 ::::J 
U> 
U> 

a:: 80 l&J 
a:: a: 
"'- m 

• 70 
x 
a: 
z: 60 

SLJ 0 100 150 
TtJRQUE NH 

ENGINE . FtJRD 3000 , DlSi JOO . 
CAPAC ITT: 2860 • E20 

• E20/2. tHEGDN 
J[ E2015.2TEGDN 

EFFECT tJF TEGDN tJN 2000 R.P.M. 
START tJF: JNJECTJtJN,CtJHBUSTJ~N, 

F1G AP3'l MAX. PRESSURE ' PRESSURE RATE 



z 
D 20 ..... z 
I-Du J8 
~;:c 16 
•cn:ri 14 Z::J 
-men 12 z: 
ILD~ JO 
DUa:: 8 ,,, 
t-CJl&J 6 a::z 
cta:C 4 
...... 
en 2 

l&J 
a:: 

0 

::J 20 en 
en · 18 
~ ~ 16 
IL ~ J4 
~ ~12 
"" a>JO 
..... 8 
~ 6 

• x 
ct 
z: 

l&J 
a:: 
::J 
en 
en 
l&J 
a:: 
IL 

• x 
ct z 

4 
2 
0 

10 

90 

a:: 80 ct 
m 

70 

60 

50 

ENGINE : FORD 3000 
CAPACITY: 2880 

EFFECT OF TEGDN ON 

- 88 -

0 
TORaUE Nt1 

START OF: JNJECTJON,COMBUSTION, 
"AX. PRESSURE ' ~RESSURE RATE, 

JOO 150 

• DJST 100 
• E20 
.. E20/2. STEGDN 
• E20/5. 2TEGDN 
J400 R.P.M. 

FIG AP32 



- 89 -

::' 

z 
D 10 -z ! ·= i t-Du 18 
~;:c 16 
•VJ:U 14 
z~ • & 
-CDVJ 11 • :. :. z: 

! ILD~ JO 
DUa::I 

Cl 
t-Cl&J & a::z 
C%C%0 4 
t-
VJ l 

0 

l&J 
a:: 
~ 2.0 VJ 
VJ •11 
l&J ~ 1& a:: 
Q.. ~14 
IL a:: 12 : D C% ::: 
l&J 

CD 1 D ; t- e : 
C% 

6 D: 

• 4 
x 2 C% 
E 0 

10 
l&J 
a:: 90 ~ 
VJ 
en 

~80 l&J 
a: 
L CD 

• 70 
x 
a: z 60 

so 
0 100 150 

TORQUE NH 

ENGINE • FORD 1000 • DIST 100 • 
CAPf :ITT: 2860 • E20 

.. E2D/2. 6TEGDN 
z E20/5. 2TEGDN 

EFFECT OF TEGDN ON 800 R.P.M. 
~TART Of: JNJECTJON.COMBUSTJaN. FIG AP33 MAX. PRESSURE ' PRESSURE RATE ' 



l&J 
a:: 
::J 20 en 
en • 18 
~ bl 16 
L ~14 
~ fi 12 
&&J m10 
I- 8 
~ 6 

• 
)( 
a: 
:z: 

l&J 
a:: 
::J 
en 
en 
l&J 
a:: 
L 

• 
)i( 
a: 
% 

4 
2 
0 

1 LI 

90 

a:: 80 a: 
m 

70 

60 

so,, 

ENGINE . 
• 

CAPAC l TT: 

• 

FORD 3000 
2880 

EFFECT OF JON ON 

- 90 ·-

0 
TIJIUIUE Nl1 

START OF: JNJECTJON,COHBUSTJCIN, 
, MAX. PRESSURE ' PRESSURE RATE 

100 150 

• DJST 100 
• E20 
A £20/. 2HJN 
a E20/. 41 CIN 
2000 R.P.M. 

' 
Fl G AP3:4 



z 
D 20 -z 
1-Du 18 
u-c 16 
ll.ll-1-

~~m 14 
-men 12 z: 
ILD~ 10 
DUlt: 8 CJ 
I-Cw 6 a:z 
ccccC 4 
I--
en 2 

11.1 
g: 

0 

=1 20 en 
en • 18 
~ IB 1s 
L e 14 

~ ~12 
11.1 mlo 
~ 8 
~ & 
. 

x 
cc 
z: 

I.LI 
g: 
=1 
en 
en 
I.LI 
g: 
L 

. 
x 
cc 
z: 

4 
2 
0 

10 

90 

~80 
m 

70 

60 

so 

ENGINE ; FORD 3000 
CAPAClTT: 2860 

EFFECT OF lON ON 

- 91 -

so 
TORQUE NM 

ST~RT OF: JNJECTJrJN,CrJMBUSTJON, 
MAX. PRESSURE ' PRESSURE RATE 

I 
JOO 1'so 

• DJST 100 
II E20 
• E20/. 21 rJN 
• El0/.4JrJN 
1400 R.P.M. 

FlG AP35 



- 92 -

:' 

z 
D 20 -z ., • t-Du 18 -~;:c 16 
~~~14 
-men 12 z = #' 11..a~ l D ~ DUn::a 

CJ 
t-QILI 6 
D::Z 
CCCEC 4 
t-
en 2 

0 

I.LI 
a: 
::> 20 en 
en ~ 1d I.LI 
It: l&J ls 
L .e 14 
1&.. ~12 ~ D t:;; ~ m 10 • l&J 
t- 8 

.. ..........- • • cc 
6 

... 
It: 

• 4 
)( 2 cc 
% 0 

10 
l&J 
G:: 90 ::> 
en .._ 
en 

~80 l&J 
a:: 
L CD 

• 70 
)( 

cc 
z: 60 

50 
0 l &10 150 

TORQUE Nt1 

ENGINE • FtJRD 300C , DIST 100 • 
CAPACJTT: 2880 • E20 

~ E2nl.2JCIN 
• ~20/.4JON EFFECT OF JON ON ' 800 R .. P.t':. 

START OF: JNJECTJfJN,CClt18USTJnN, 
MAX.. PRESSURE '& PRESSURE RATE ' FlG AP36 



- 93 -

z 
D 20 -z 
I-Du J8 
fi1;:c l 6 • • !I 

~~:al 4 
• 

-men 12 
2: 

IL.D~ l D 
DUD::& 

CJ 
1-Cl&J 6 

B D:::Z !I aac 4 
I-
UJ 2 

0 

l&J 
D::: 
=> 20 UJ 
en 18 
l&J 
It: • l 6 
IL f&114 
IL. ~ 12 D 

l&J ~JO .,. 
II • l!J 

I- ma 
C% 

6 It: 

• 4 
x 2 C% 
2: 0 

JO 
l&J 
It: 90 => 
UJ 
UJ 

~80 l&J 
It: 
IL m 

70 • • • x 
C% 
z: 60 

so 
E 0 E20/2.6TEGDN E20/5.2TEGDN DJS JOO 

FUEL BLEND 

ENGJNE • FORD 3000 , FULL L"AD . 
CAPACJTT: 2860 II 2/3 L"AD .. l/3 LOAD 

EFFECT OF TEGL~ ON 2000 R.P.,H. 
START OF: JNJECTJON,COMBUSTION, FIG AP37 MAX. PRESSURE ' PRESSURE RATE ' ' 



-·94 -

z 
D 20 -z 
t-IDu l 8 
~;:cl & : ~~~ 14 : • -mUJ 12 z: 
ILID~ l 0 
DUI:: 8 t:I 
t-011.16 
D::Z 
cca:C4 
t-
UJ 2 

0 

IJ.J 
It: 
::::> 20 UJ 
UJ 18 
IJ.J 

• l 6 It: 
IL ~ 14 
IL ~ 12 D II 

IJ.J 
It: l 0 cc ..... l!I II 

t- me 
cc 

6 
.. .. 

It: .. 
• 4 

x 2 cc 
z: 0 

10 
IJ.J 
a:: 90 ::::> 
UJ 
UJ 

It: 80 IJ.J 
a:: a: 
IL m 

• 70 
x 
a: 
z: 60 

50 
E CJ E20/2.6TEGDN E20/5.2TEGDN 

FUEL BLEND 
DJS 100 

ENGlNE . FORD '3000 • FULL LrJAD . 
CAPAClTT! 2860 II 2/3 LrJAD .. l/3 LrJAD 

EFFECT tJF TEGDN ON 1400 R.P.M. 
START Of; l~JECTlON,COMBUSTlON, 

F1G AP38 MAX. PRESSURE ' PRESSURE RATE 



- 95 -

z 
D 20 -z .. • t-Du 18 • ~ ~;:c 16 
~~~14 
-mUJ 12 

I z: 
ILD~ J 0 • DUD:: B 

CJ t-cw 6 
D::Z 
a:a:C 4 
t-
UJ 2 

0 

w 
a: 
:::J 20 UJ 
UJ 18 
l.&J 

• 16 a: 
D.. ~ 14 
IL ~ 12 
~ I) 

a: l 0 : : w a: 
:i t- me 

a: 
6 a: 

• 4 
x 2 cc 
% 0 

10 

"' a: 90 :J 
UJ 

"' a: 80 w 
a: a: • m D.. .. 

• 70 
x 
a: 
.z:. 60 

50 
E D E20/2.6TEGDN E20/5.2TEGDN DJS 100 

FUEL BLEND 

ENGINE . FORD 3000 • FULL LOAD • 
CAPACITY; l860 19 2/3 LOAD .. l/3 LOAD 

EFFECT nF TEGDN ON ' 800 R.P.M. 
START OF: JNJECTlaN,COMBU$T10N, PIG A~39 ' ' 

MAX. PRESSURE ' PRESSURE RR1E ' ' ' 



- 96 -

::' 

z l ID 20 • -z 
~IDu J8 
~;:a J 6 II • • • 
;i~:ii J 4 
-men 12 

2: 
ILD~ J 0 
IDUll:: B 

" ~Clt&J6 n::z .. CECECI 4 • • ~ 
en 2 • 

0 

l&J 
I:: 
::J 20 en 
en Jtl 
&II 

• J 6 0:: 
L ~ 14 
IL ~ 12 ID 

I:: J 0 II • • l&J CE -ti 
~ me 
CE a I:: 

• 4 
x 2 CE 
2: 0 

JDC 
l&J 
I:: 90 ::J 
en 
en 

~80 l&J 
I:: 
L m • • 70 • .. • x 
CE 
2: 60 

50 
E 0 E20/.2JON E20/.4JON DJS JOO 

FUEL BLEND 

ENGINE • FORD 3000 • FULL LOAD • 
CAPACJTT; 2880 • 2/3 LOAD 

A J/3 LOAD 

EFFECT fJF JON fJN 2000 R.P.M. 
START fJf; JNJECTJ~N,COMBUSTJON, 

' FIG AP40 MAX, PRESSURE & PRESSURE RATE 
' 



- 9'! -

z 
D 211 -z 
t-Du l 8 
~;:a 16 

==-=-==: ,en~ l 4 

• =---=---===-= z~ 

-men 12 z 
IL.D~ l 0 
DU~S • • • 
t-C&aJ 6 • 
lt:Z 
a:ttC 4 
t-
UJ 2 

0 

&aJ 
It: 
:::J 20 en 
UJ 18 
&aJ 

·16 It: 
L fi1l4 
IL. ~ 12 • D 

1~0 • • 
&aJ ""Ill .... 
a: 6 It: 

• 4 
x 2 a: 
.E o 

10 
l.J 
It: 90 :::J 
en 
UJ 

~80 &aJ 
It: • • • L m .. 

• 70 
x 
a: z 60 

50 E 0 E20/.2JON E20/:4JrJN. DJSf JOO 
FUEL BLEND 

ENGJNE • FORD 3000 • FULL LOAD • 
CAPACJTT: 2880 II 2/3 LOAD 

~ J/3' LOAD 

EFFECT Of JON ON J40C R.P.M. 
START Of: JNJECTJON.COMBUSTJON. 

Fl G AP4l MAX. PRESSURE ' PRESSURE RATE 



:' 

- 98 -

z 
D 20 -z • I I 1-Du J 8 
~;:c J 6 
•en:D J 4 ZJ 
-mVJ 12 

I 2: I ILD~ l 0 • : DUai::e 
'3 

t-CLLl6 
llll::Z 
ctct 0 4 
I-
VJ 2 

0 

II.I 
1111:: 
J 20 en 
en J8 
II.I 

• l 6 1111:: 
L ~ 14 
IL ~12 ,. ·----D 

~ • 
I.LI ~JO ' . :-----.. 
I- me :! ct 

6 1111:: 

• 4 
x 2 a: 
2: 0 

JO 
II.I 
1111:: 90 J 
en .----------~--~~~~-+----------~ 
en 

"" 1111:: 
L 

• 
)( 

ct 
E 

~80 
m 

70 

80 

so E 0 E2D/.2JON E20/ .. 4JON DJS JOO 

ENGJNE : FORD 3000 
CAPACJTT: 2860 

EFFECT OF JON ON 

FUEL BLEND 

START OF: JNJECTJON,COMBUSlJON, 
"AX. PRESSURE ' PRESSURE RATE 

• FULL LCIAD 
• 2/3 LOAD 
• J/3 LOAD 

800 R .. P .. M .. 

FIG AP42 



la.I 
:::J 
Cl 
a: 
D 
t-

>-a: 
w 
> -..J 
w 
Cl 

• .J 
l&J 
=2 
IL 

17 

16 

xlS 
z • • 

l&J 
le70 
D 
a: 
t-.,, 
"' ~ -so • • 

so 
8 0 1100 

EN~lNE ; FORD !000 
CRP.tClTl: 2880 

- 99 -

EFFECT OF TEGDN ON 
INJECTION PUMP DE~IVERT. 
TORQUE & S.F.C. ' 

l 

l ,00 
R.P.M. 

l,00 2600 

• D.iST JOO 
IS E20 
... E20/2. STEGDN 
z E20/5. 2TEGDN 
FULL L .... OA-.;;D.....__...,. 

FIG Af'43 



35 
...J 

~~It: 34 
IL-~ 

ut~33 
-zle 
1&..:::J, 
-VJ. 32 uza 
l&JIJ .. 
LU 
en 3J 

17 

J6 
l&J 
:::J 

z JS a 
a: z 
IJ 
I- J4 

Jl 

J2 

>- I&. n:: 3':70 l&J IJ 
> a: - I-
...J VJ 
l&J ....... c .,, 
...J -so • l&J • ::J 
!&.. 

S"O 

' 

s a 1 

ENGINE : FORD !000 
CAPACJTT: 2"'60 

- 100 -

,, 
t 

.. • • ·~ 

00 1too J,00 2~00 
R .. P .. M .. _ .. _ 

I 
• DIST JOO 
II E20 

---------------- • E20/ .. 2HJN 
z f2.0/. 41 CJN 

EFF'E.CT CJF 1 tJN rJN t:,l!LL LOAD 
INJECT: ~;4 PUMP DELIVERY, 
TrJR'1UE' s .. F .. C~------------1 __ FIG AP44 

' 



- 101 -

·' 600 

55 
..J 

~~K: 50 
11..-z: t-, 
UL:a45 
-~~ 11..::J 

~~ 140 
l&ID at 
LU 
VJ 35 

30 
40 

35 

>- 30 
u 
z 
l&I 25 -u N - 20 II.. 
II.. 
Ill 

1.;, 

JO 

70 
>- Ill 
Q:: x: 60 Ill D 
> a:: - t- .. 0 ..J VJ~ 

"' ...... c .,, 
.J -40 • l&I • ::::J 
II.. 30 

200 so 
I 

100 l~O 
TOR GUE 

ENGINE . FORD 3!100 • CJST 100 • 
CAPACJTT: 2860 l!J E20 

- ·- • £20/2.6TEGDN 
E E10/5. 2TEGDtJ 

EFFECT OF TEGDN ON 2000 R.P.M. 
INJECTJ~N PUMP DELJVERT, -·· 
EFF l Cl ENCT & S. F. ,C. 

' f'I G AP45 



600 

55 
..J 

~=5a:: so 
IL-3: 

ut~45 
-ElC 
IL.::J' _.,,. 40 
UZ5 
l&JEJ at 
LU .,, 35 

30 
40 

35 

>- 30 
u 
z 
l&J 25 -u N - 20 I&.. 
IL 
l&J 

JS 

JO 

70 I 
>- l&J a:: ll: 60 l&J EJ 
> a: - ~so ..J 
l&J ' 0 ,,, 
..J -40 • w • ::J 
I&.. 30 

200 50 

ENGINE : FORD 1000 
CAPACITY: 2860 

EFFECT OF TEGDN ON 
INJECTJ~N PUMP DELJVERT, 
EFFJCJENCT & S.F.C. 

- 102 -

I 
JOO 

TORaUE 
J~O 

• DJST 100 
• E20 
• E20/2 .. &TEGDN 
s. E~J/S. 2TEGDN 
1400 R.P.M. 



- 103 -

:' 600 

55 
..J 

~~a:: so 
IL-J: ........... 
UL:a 45 
-z:~ 
IL:J' -en• 40 UZI! 
l&J E> Cll 
LU 
UJ 35 

30 
40 

55 

~ 30 
u 
z 
ILi 25 -LI :-.: - 20 IL 
IL 
ILi 

15 

10 

70 
~ llJ a:: xso llJ D 
> a:: - ~so ..J 
ILi ....... c Ill 

..J -40 • llJ • :::J 
IL 30 

200 so ibo 150 
TORQUE 

ENGINE • FtJRD 3000 • DIST JOri • 
c~ .. >Ac I TY: 2860 ' l!I E20 ' 

.a E20/2.6TEGDN 
' K E20/5.2TEGDN 

EFFECT OF TEGDN tJN ' 800 R.P.M. 
INJECTION PUMP DELIVERY, ' 

' ' FIG AP47: l EFFICJENCT ' S.F.C. ' ' ' 



:' 600 

55 
_J 

~~a:: 50 
IL-3: 
~ ...... 

UL>45 
-z:ll:: 
IL:>, 
-en• 40 UZ E 
l&JD D 
LU 
UJ 35 

30 
40 

35 

>- 30 
u 
z 
I.I.I 25 -u N - 20 IL 
IL 
w 

15 

10 

70 
>- l&J 
ai:: le: 60 w El 
> ai:: - :n 50 _J 
w ...... 
Cl .., 
_J -40 • w • ::J 
IL 30 

200 so 

ENGINE : FaRD 3000 
CAPACJTr: 2860 

EFFECT OF JaN ON 
INJECTION PUMP DELJVERT, 
EFFI IENCT & S.F.C. 

- 104 -

l 0 
TOR'1UE 

l 0 

• DJST 100 
• E20 
~ E20/. 21 ON 
1t E20/. 4H'N 
~JOO R.P.M. 



- 105 -

:' 600 

55 
_J 

~~It: so 
IL-X: t-, 
UL:. 45 
-x:ic 
IL::>, 
-en• 40 LIZ& 
l&JD w 
LU 
en 35 

30 
40 

35 

>- 30 
u 
z 
l&J 25 -u N - 20 IL 
IL 
l&J 

15 

10 

70 l 
>- l&J + 
0:::: :5 60 t l&J 
> 0:::: - ~50 _J 
l&J ' c ,,, 
_J -40 I! 
l&J • :J 
IL 30 

20 so 100 1 0 
TftRCIUE 

-
ENGINE . FORD 3000 • DJST 100 • 
CAPACITY: 2860 • E20 .. E20/.2JON 

a E20/.4ItJN 
EFFECT OF ION ON ' 1400 R.P.M. 
INJECTION PUMP DELIVERY, FIG AP49 EFFICIENCY & S.f.C. ' 



600 

55 
...J 

~~It: 50 
1a..-::c .... , 
UL:a 45 
-Ex 
IL.::>, 
-UJ. 40 
UZE 
&&JD at 
LU 
UJ 35 

30 
40 

35 

>- 30 
u 
z 
&&J 25 -u x - 20 IL 
IL 
&&J 

15 

10 

70 
>- L&J 
D:: xso 
""' D 
> D:: - :;; 50 ...J 
L&J ' c ftl 

...J -40 E 
L&J E 
::> 
IL 30 

200 sb 

ENGINE FORD 3000 
CAPACITY: 2860 

EFFECT OF IrJN rJN 
INJECTION PUMP DELIVERT, 
EFFICIENCT & S.F.C. 

- 106 -

1bo 
TrJRQUE 

1ko 

• DJST 100 
• E20 
.. E20/. 21 rJN 
K E20/. 41 rJN 

800 R.P.M. 

FIG APSO 



~ 
u 
z 
l&J -u -IL 
IL 
la.I 

~ 
a:: 
la.I 
> -_. 
la.I 
0 
_. 
la.I 
::::J 
IL 

- 107 -

40 

a:=== I I==--

35 

30 
t: 

A I i 25 
N 

20 

15 

10 

70 • ! 
.. 

l&J 
x 
D 
a:: ..... 
en 
;;; 60 -• E 

so 
20 E20/2:6TEGDN E20/5:2TEGDN 

FUEL BLEND 
DIST 100 

ENGINE ; FORD 3000 
CAPACITY: 2860 

EFFECT OF TEGDN ON 
INJECTION PUMP DELIVtRr, 
EFFICIENCr & 5.F.C. 

• 2000 R.P.M. 
m 1400 R.P.M. 
.. 800 R.P.M. 

_f....;;U..;;;;L=-L-L;;;;.,;0;;...;.A.;.;;;D;....__......j 

FIG,APSl 



- 108 -

40 

I : 

35 

>- 30 
I : u 

'" z =: 
LI.I 25 ;) -u N - 20 IL 
IL 
LI.I 

15 

10 

70 .. I ! 
-= >- LaJ 

IC x 
LI.I D > IC ..... ~ 
..J VJ 
LI.I 

~60 Cl -..J E 
LI.I • :::::> 
IL 

50 20 E20/.2ICJN E20/.4ION DJS 100 
FUEL BLEND 

ENGINE • FORD 3000 • 2000 R.P.M. . 
CAPAC ITT: 2860 • 1400 R.P.M. 

- .A 800 R. p. M. 

EFFECT OF ION ON FULL LCJAD 
INJECTION PflMP DELIVERY, 

FIG AP52 EFFICIENCY ' S.F.C. 



:' 

a -

a -• 
IC 
IE • 

a -• 
i • 

ENGJNE 
CAPAClTT 
TEST lD. 

- 109 -

DEGREE3 T.D. C .. 

• FORD 1000 FUEL lD • 
• 2880 c. v • • 

DENSJTT • UNllJtJJ 0 • 

REPEATA8lLlTT OF NEEDLE LJFT ' ' 

AND CTLJNDER PRESSURE ' ' 

• • . 
• 
• • 

AV£RAG£ 
URIU£ : lS 
l.P.M. : lOU 
SlARl lllF 
JNJN. : Jl. 2 
ClllMIN. : J. 4 
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• .s : .115 
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Plt£.S.SUR£: IO. J 
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UHAU.Sl : J 17 
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D£LAT 
D£Glt££.S : J J. l 
.., : .8Jl 
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IAT£ ; S. J 
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DEGREES T.D.C. 

ENGJNE • FORD 3000 FUEL JD . • • 
CAPACJTT • 2880 c.v. • • . 

DENSITY . 
TEST JD. • UNJDOJO . 

• 

REPEATABJLJTT nF NEEDLE LIFT 
AND CTLJNDER PRESSURE ' 

' 

RV£RRG£ 
TIHtllU£ : 17 
I. p. M. : en 
SlARl Of 
JNJN. . 18 •• . 
CO"IN. . JO . 
DELAT 
Df GRf £-' : 6.9 ., . J .171 . 
IAXJ"UM 
PR£'5UR£: H.4 
IRlE . 1.4 . 
T£"PERATUlt£l 
RJR JNL£1: ll 
£1CHAU"1 : Jll 

AVERAGE 
TORIUE . so . 
I. p. M. ; Ill 
SlARl OF 
JNJN. . JI . 
Cl"IN. . ll . 
D£LAT 
D£Glt££S ; 7 ., . J. 4JI . 
"AXJHUM 
PRESSURE; 79.1 
IAlE ; 1.2 
TE"PERA1UR£3 
RJR JNL£1; ll 
EICHAUST ; 100 

AV£1tAli£ 
TIRIUE ; JSI 
I. p •I. ; U-' 
START Of 
JNJN. ; 10.J 
Cl"IN. ; Jl. 7 
DELAT 
DEliREES ; 7.-' 
..S ; J. Ul 
IAXJHUK 
Pl£JJUR£; 15.7 
IATE ; JO. I 
TOtPEltA1UR£3 
AJR JNL£1: 18 
fXHAUJl ; lli" 

DJST 100 
42.75 
• 849 
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DEGREES T.D.C. 

ENGINE • FORD '3000 FUEL JD . 
CAPAC ITT • 2860 c.v . . 

DENSJTT TEST JD. • UNJDOJD . 
REPEATA8JLJTT OF NEEDLE LJFT 
AND CTLJNDER PRESSURE 

• . 
• . . . 

AV£JtA&£ 
11Jt1U£ : 3 
l.P.M. : IJI 
'1ART OF 
JNJN. : ll. l 
Cl"tN. : 1.5 
D£LAT 
DfGltff.S : 7.7 
• .s : J .574 
llAU"U" 
Pl£'3UR£: 51.S 
IATE : 1.9 
l£Jtr£JtATUlt£S 
AJJt JNL£l: 21 
UHAU'1 : 97 

DJST JOO 
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DEGREES T.D.C. 

ENGINE . FrJRD 3'000 FUEL JD . .. .. 
CAPACJTT . 2860 c.v. . 

• . 
DENSJTT . 

TEST JD. . UNJD012 . . 
REPEATABJLJTT OF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

RVEIA&f 
TlllUE . J7 . 
··'·"· : 2030 
STiil IF 
lllJN. : 9.1 
CllllN. : -5.l 
DElRT 
DEGlfD : 11.8 ., . .177 . 
llAXJMUM 
Pl£SSUI£: 48.3 
IATE : 3 
TOIPERATUl£J 
Ill JNLET: 21 
EXHAUST : 200 

AVEIAI£ 
TllGUE . 89 . 
R.P.M. . 2050 . 
START IF 
INJN. 9.2 
CIMIN. . -1.4 . 
DELAY 
DEGRED : 10.8 
.s . .885 . 
llAXJMUM 
PRESSURE: 80.3 
RATE : 8. 4 
TEMPERATURES 
AIR INLET: 30 
EXHAUST : 278 

AY£RA&E 
TIRGUE : 153 
1 .. P .. 11. : 2052 
START Of 
JNJN. : 14. 2 
CIMU. : 4.1 
DELAY 
Jlll££S : 8.8 
., : .777 
llAXJKUM 
P1£SJUI£: 81. 5 
RATE : 10. l 
TEMPEIATUIES 
All INLET: 29 
EXttMIT : 424 

DJST 100 
42 .. 75 
• 849 

FIG RPS? 
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DEGREES T.D.C. 

ENGINE . FORD 3'000 FUEL ID . • . 
CAPAC ITT 2860 c.v. . . 

DENS ITT . 
TEST JD. . UNJDl'Jl2 . . 
REPEATABILJTT OF NEEDLE LIFT 
AND C~LJNDER PRESSURE 

AVERAGE 
TIRIUE . 38 . 
l.P.I. . 1429 . 
STAil IF 
JNJN. . 1.4 . 
CIMIH. : -.1 
DflAY 
DEGREE' : 1.5 
.s . .995 . 
IAXlMUM 
PRESSURE: 58.8 
RATE . 8.1 . 
T£M,£RATUR£' 
AIR INLET: 21 
EXHAU'T : 154 

AVERAGE 
TIRIUE . 19 . 
R.P.M. . 1450 . 
START OF 
JNJN. . 10.9 . 
CIJtlN. . 2.9 . 
DELAY 
DEGR££S : 8 ., . .918 . 
MAXIMUM 
PRESSURE: 88.8 
RATE ; 7.4 
TEJtPEJtATURES 
AIR IHL£1: 29 
£XHAUST : 229 

AVERAGE 
TIRIUE : 188 
R.P.M. : 1428 
START fJF 
JNJN. : 15. 9 
COJtlN. : 8. 2 
DELAY 
DEGREES : 7.7 
.s : .899 
MAXIMUM 
PRESSURE: 89.8 
RATE : 9.8 
TEMPERATURES 
AIR INLET: 30 
EXHAUST : 408 

DIST 100 
42.75 
• 849 

FIG AP58 
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DEGREES T.D.C. 

ENGINE . FrJRD 3'000 FUEL JD . . . 
CRPRCJTT . 2860 c.v. ' • . 

DENS ITT . 
TEST JD. . UNJDtJJ2 . . 
REPEPTABJLJTT tJF NEEPLE 
AND CTLJNDER PRESSURE 

LIFT 

AVERAGE 
TORl1UE . 34 . 
R.P.M. . 796 . 
START llf 
JNJN. 9.3 
ca"eN. . 4 . 
DELAT 
DEGREES : 5.3 
.s . 1.12 . 
MAXJ"U" 
PRESSURE: 58.2 
RATE : 6.9 
TE"PERATURES 
AJR JNLET: 27 
EXHAUST : 129 

AVERAGE 
TORQUE : 95 
R.P.M. : 812 
START llf 
JNJN. 10.3 
C0"9N. : 5.6 
DELAT 
DEGREE.:; : 4.7 
.s .977 
MAXJHU" 
PRESSURE: 69.1 
RATE : 7. 4 
TEMPERATURES 
AJR JNLET: 28 
EXHAUST : 199 

AVERAGE 
TORQUE : 185 
R.P.M. : 825 
START Of 
JNJN. 10.2 
COH9N. : 5.8 
DELAT 
DEGREt.S : 4.6 
.s .948 
MAXJHUH 
PRE.9SURE: 79.9 
RATE 8.3 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 318 

DIST JOO 
42.75 
• 849 

FIG AP59 
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DEGREES T.D.C .. 

ENGINE • FrJRD 3'000 FUEL JD . 
CAPACJTT . 2860 c .. v .. . 

DENSJTT TEST JD. . UNJD012 . 
REPEATABlLlTT rJF NEEDLE LIFT 
AND CTLINDER PRESSURE 

' 

. 
" . .. . 
" 

AV£1A&£ 
TIR8U£ : 3 
··'·"· : 121 START Of 
HUN. : 9. :Z 
CIMIH. : 2.8 
DELAT 
DEGREES : 8.3 
., : 1.281 
MAXJ"UM 
PRESSURE: 52.3 
IATE : 5.7 
TDIPEIATURES 
AJR INLET: 27 
EKHAUST : 94 

DIST 100 
42 .. 75 
.. 849 

FIG AP60 
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DEGREES T.D.C. 

ENGINE . FORD 3000 FUEL ID . . . 
CAPAC ITT . 2860 c.v . . . . 

DENS ITT . 
TEST ID. • UNJDOll . . 

' 

REPEATRBILI,TT OF NEEDLE LIFT 
AND CTtINDER PRESSURE 

AY£RJ;li£ 
TORQUE . 37 . 
I. p. M. . 2046 . 
~TART OF 
JNJN. . 18.9 . 
ca"'"· . 5.6 . 
DELAY 
DEGREES : 13.3 
.s : 1. 081 
"AXJ"U" 
PRESSURE: 86.9 
RAT£ . 7.5 . 
T£MP£RATUR£S 
RJR JNL£T: 2.Y 
EXHAUST : 193 

AVERAGE 
TORQUE ; 92 
R.P.M. ; 2050 
START OF 
JNJN. 21.6 
COMIN. ; 9.1 
DELAT 
DEGREES ; 12.5 
.s ; 1. 013 
"AXiHUM 
PRfSSURE: 80.l 
RATE : ll.2 
TEMPERATURES 
AIR INLET: 29 
EXHAUST : 297 

AYE~Ali£ 

TORQUE : 130 
R.P.M. : 2050 
START OF 
JNJN. 25.9 
COMIN. : 12.7 
DELAT 
CEGR££S : 13.2 
.s 1.073 
"AXJMUH 
PRESSURE: 99.5 
RATE 18. 8 
TEMPERATUi:.ES 
AlR INLET: 30 
EXHAUST : 410 

DIST 100 
42 .. 75 
. 849 

FIG AP61 
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DEGREES T.D.C. 

E'NGJNE . fDRD 3'000 FUEL 10 . . • 
c:APACJTT . 2860 c.v. . . . 

DENSJTT . 
T'.£ST JD. . UNJDD11 . . 
REPEATABJLJT'f DF NEEDLE LIFT ' 

ANO CTLJNDER PRESSURE ' ' 

' ' 

AVERAGE 
TIJRGUE : 34 
l.P.". : 1425 
START If 
JNJN. : 20. l 
CIJMIN. : 9.l 
DELAT 
DEGREES : 11 
.s : 1. 283 
llAXJMUM 
PRESSURE: 86.8 
RATE : 8.6 
TEMPERATURES 
AJR INLET: 28 
EXHAUST : 151 

AYERAliE 
TIJRGUE . 91 . 
R.P.". . 1432 . 
3TART Of 
JNJN. . 24 . 
CIJMIN. . 12.7 . 
DELAT 
DEGREES : ll. 3 
.s l.309 
MAXIMUM 
PRESSURE: 85.2 
RATE . 12.7 . 
TEMPERATURES 
AJR INLET: 30 
EXHAUST : 239 

AVERAGE 
T~RGUE : 142 
R.P.". : 1434 
START If 
JNJN. 27.1 
C8MIN. : 15.4 
DELAT 
DEGREES : 12.5 
•5 1.H9 
llAXJMUH 
PRESSURE: 102.7 
RATE : 17.2 
TEMPERATURES 
All INLET: ~O 
EXHAUST : 397 

OjST 100 
42.75 
• 849 

FIG AP62 
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ENGINE 
CAPAC ITT 
TEST JD. 

. . 
• . 
. . 
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DEGREES T.D.C. 

Fl'JRD 3'000 FUEL JD 
2860 c.v. 
UN1DtJll DENSJTT 

REPEATABIL1TT tJF NEEDLE LIFT, 
AND CTL1NDER PRESSURE 

' ' 

. 
• . . . . 

AVERAGE 
URllUE 36 
R.P.M. : 821 
START OF 
JNJN. 21 
co"eN. : 12. 7 
DELAT 
DEGREES : 8.3 
.s l. 677 
MAXI HUH 
PRESSURE: 67.2 
RATE 8.2 
TEMPERATURES 
AJR JNLET~ 28 
EXHAUST : 128 

AVERAGE 
TORQUE : 90 
R.P.H. : 815 
START OF 
INJN. 22. 8 
COHBN. : 14. 6 
OELAT 
DEGREES : C.2 
.s 1.684 
MAXI HUH 
PRESSURE: 84.2 
RATE 12.l 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 212 

AVERAGE 
TORQUE 148 
R.P.H. 828 
START OF 
INJN. 22. 5 
COHBN. 14. 6 
DELAT 
DEGREES 7.9 
.s J.589 
"AXJHli:1 
PRESSURE: 96.7 
RATE 12. 4 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 324 

DIST l 0,0 
42 .. 75 ' 

• 849 ' 
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DEGREES T.D.C. 

FORD 3000 FUEL JD 
2860 c.v. 
UNJJlOll DENSJTT 

REPEATRBJLJTT OF NEEDLE LJFT 
AND CTLJNDER PRESSURE 

• • . 
• 
• 
" 

AV£RAG£ 
TIJRGU£ : 3 
R.P.M. : 828 
START CJF 
JNJN. : 20, 5 
CIJMH. : 11. l 
DfLAT 
D£Glt££S : 9. 4 
..S : J.IH 
MAXJMUM 
PIDJUR£: o;2.4 
RAT£ ; 4.8 
TOtrUATUltU 
AJR lHL£T: 27 
EXHAUST ; 99 

DJST 100 
42.75 
• 849 

FIG AP64 
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DEGREES T.D.C. 

ENGINE ' FtJRD 3'000 ,fUEL JD ' • . 
CAPAC ITT . 2860 'C. V. . 

' . 
'DENS ITT . 

TEST JD. . UNJDtJl4 . . ' 

REPEATA6JLlTT tJF NEECLE LIFT, 
AND CTLJ NDER ,PRESSUR,E 

' ' ' ' 

AVERAGE 
TOR DUE . 38 . 
R.P.M. : 20!2 
START OF 
JNJN. 13.2 
CIJMBN. . l. l . 
DELAT 
DEGREES : 12. l 
.s ! .994 
"AXJMUM 
PRESSURE: 60.l 
RATE 6.9 
TEMPERATURES 
~JR INLET: 29 
EXHAUST : 188 

AV ERR GE 
TORQUE : 88 
R.P.". : 2038 
START OF 
INJN. 15.2 
Cl!M8N. : 4.1 
DELAT 
DEGREES : 11.l 
.s .908 

RXIMUH 
PRESSURE: 71.2 
RATE 8.8 
TEHPERATURES 
AIR INLET: 29 
EXHAUST : 275 

AVERAGE 
TORDUE : 140 
R.P.". : 2026 
START Of 
INJN. 19. 4 
CIJHBH. : 8. 9 
DELAT 
DEGREES : 10.5 
.s .888 
"AXJMUH 
PRESSURE: 90.8 
RATE 12. 4 
TEMPERATURES 
AIR INLET: 29 
EXHAUST : 381 

TEGDN3'.9 
3'8. 3'5 
• 848 

F!G AP65 ' 

' ' ' " 
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DEGREES T.D.C. 

FtJRD 3'000 FUEL JD 
2860 c.v. 
UNJDtJl4 DENS ITT 

REPEATABILITT tJF NEEDLE Ll,FT 
AND CTLJNDER PRESSURE 

' 

. . . , . . 

AVERAGE 
TDRGUE . 35 . 
l.P.M. . 1440 . 
START Of 
INJN. : 11.8 
CDMIN. : 3.8 
D£LAT 
DEGREES : 8.3 ., . .86 . 
"AX I MUM 
PRESSURE: 80.5 
IAT£ . 8.2 . 
TEMPERATURES 
AIR INLET: 27 
EXHAUST : J49 

AVERAGE 
TDRGUE : 85 
R.P.M. : 1445 
START DF 
INJN. 17. 5 
COHIN. : 8. 3 
DELAT 
DEGREES : 9.2 
.s 1.088 
MAXI HUH 
PRESSURE: 78.7 
RATE : 8.9 
TEMPERATURES 
AJR INLET: 29 
EXHAUST : 222 

AVERAGE 
TDRaUE : 152 
R.P.H. : 1434 
START OF 
JNJN. 22 
COHIN. 12.4 
DELAT 
DEGREES 9.8 
.s 1.115 
MAXI HUH 
PRESSURE: 95.9 
RATE 13.5 
TEMPERATURES 
AIR INLET: 30 
EXHAUST : 372 

TEGDN3'.9 
3'8. 3'5 
4 8 4-8 

FIG AP66 
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a -• 
IC 
CE • 

a -• 
IC 
CE 
m 

a -• 

DEGREES T.D.C. 

ENGJHE • FORD !000 ' FUEL JD • • • 
' CAPACJTT • 2880 c. v . . . 
' • 
' DENSJTT . 

TEST JD. • UNJDtJ14 • • 
' 

REPEATABJLJTT OF NEEDLE LlfT 
AND CTLJNDER PRESSURE ' 

AVERAGE 
TIRllUE 34 
I. p. "· 

. 807 . 
S1RR1 CIF 
JNJN. . 16.7 . 
CHIN. . 10.6 . 
DELAT 
DEGREES : 6.1 
.s 1. 284 
llAXJMUH 
PRESSURE: 66.5 
RATE . 1.s . 
TEMPERATURES 
RJR JNL£T: 27 
EXHAUST : 131 

AVEJtAli£ 
TllRIU£ . II . 
R. p. H. . 111 . 
STJ1R1 OF 
JNJN. . 17.8 . 
C~MIH. . JJ . 
D£LAT 
D£GR£ES : 6.8 
a5 : J.39 
JIAXJMUM 
PJtfSSURE: 78.9 
IATC : 9.4 
TEMPERATURES 
AlR JNlfT: 28 
£XHAUST : 192 

AVERAGE 
TlllUE ; US 
R.P.M. ! 133 
START aF 
JNJN. ; 17. 2 
CIHIN. ! 11 
DELAT 
DEGR£f.S : 8 .. 2 
.s : 1.2n 
MAXIMUM 
itkESSURE: SD.I 
ltATf : 9. 4 
TEMftEltATURU 
AIR INLET: 29 
EXHAUST ~ 305 

TC.GDN3.9 
38.35 
.848 

FIG AP67 
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Cl -.. 
I • 

17EGREES T.D.C. 

ENGINE • FORD 3000 FUEL JD • 
CRP;.CJTT • 2860 c .. v .. • 

DENSJTT TF.ST JD .. • UNlDOl4 • 

REPEATRBJLJTT OF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

• .. 
-, • .. 

RY OAK 
TlllUf : 3 
l.P.M. : IJI 
STMT If 
JNJN. : 15.1 
CIMIH. : 1.5 
KUT 
.DfUfD : I.I 
.s : J .. 355 
JIAXJJIUll 
rHSSWt£: s1.1 
UT£ : l .. f 
TWOATUKS 
All JHL£T: 2? 
UHAUST : •1 

TEGDN3 .. 9 
18.35 
. 84-8 

FIG AP68 
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DEGREES T.D.C. 

FORD 3000 
' FUEL JD 

7l8&0 ' c.v . 
DENSJTT UNJDOJ! ' 

REPERTABJLJTT OF NEEDLE :LlFT 
AND CTLJNDER PRESSURE 

' 

• • . . . . 

AV£1Ali£ 
TIRllUE : 33 
l.P.R. : 2DU 
STAil If 
JNJN. : 8.4 
Cl"IN. : -S.I 
DflAT 
Dffil££5 : 12.2 
aS : .995 
.llAXJ"UK 
P1£"UR£: H. 7 
IA1£ ; 3.3 
TOIP£RA1URD 
JUR JNL£1; 21 
UHAUST : JSO 

AY£JtAli£ 
TIRllUE : 17 
l.P.R. : lHl 
START IF 
JNJN. ; 9 
Cl"IN. : -.S 
DELAT 
Dflilf£5 : 9.9 
•' ; • 103 
llAXJllUM 
Pl£SSUR£: 81.3 
IATf ; S.S 
TEMP£RATURU 
AJR JNL£1: ll 
EXHAUST : 277 

AVERA&£ 
i8Jt1Uf ; J" 
1.r.11. : 2010 
SlRJtl Of 
JNJN. n.e 
CllllN. : 4.7 
DflAT 
DEGRfU : l.J 
aS .75 
MAXJllUH 
PRESSURE: IJ.5 
IATE ; t. 4 
TfJtPfRATURU 
AJR JNLfT: 29 
EXHAUST ; 178 

TEGDN3.9 
18.lS 
• 848 

F1G AP69 
' 
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DEGREES T.D.C. 

. FORD 3000 FUEL JD ,, . 2860 c.v. ,, 

DENSJTT . UNJDOll ,, 

REPEATRBJLJTT OF NEEDLE LIFT 
AND'CTLJNDER PRESSURE 

. ,, . . . . 

A'EIA&E 
TDllU£ : l• 
l.P.M. : 1'32 
STiil If 
JNJN. : 5.1 
CllllN. : -2.1 
DELAT 
DEGl££S : 1.5 
., : .Ill 
IRXIMUM 
Pl£SSIM£: SJ.I 
IATE : 4.1 
T£JIP£RA1UR£S 
.. !R JNL£1: V 
EXHAUST : JSD 

RYBA&£ 
TIRllU£ : 12 
l.P.M. : 1440 
STAil If 
INJN. : JJ. I 
CIMIN. : 1.1 
DELRT 
DEGREES : 7.1 

•' : .115 
MAXIMUM 
PlfSSURE: 81.8 
IATE : 7.5 
TEJIPEIATUl£S 
AIR INLET: 21 
EXHAUST : 22J 

AY£1tAli£ 
TOIUE . 151 . 
··'·"· . 1448 . 
START If 
INJN. 18 
CIMIN. : 1.2 
DELAT 
D£Glt£ES ; 7.1 
.s .195 
llAXJMU" 
Pl£5'UR£: .... 
IATE . 1.7 . 
T£JIP'£RATUlt£S 
AJR INLET: 10 
EXHAUST ; 171 

TEGDNl.9 
38.35 
. 848 

FIG AP?O 

• 
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a -
• 

a -

DEGREES T.D.C. 

ENGINE . FORD 3000 FUEL JD . • . 
CAPAC ITT . 2860 c. v. . . . 

OENSJTT . 
TEST JD. . UNJDtJ13 . . 
REPEATABJLJTT OF NEEDLE LIFT 
AND CTLJNDER PRESSURE --

' 

AV£1Ali£ 
TIRGUE : 31 
··'·"· : 122 START llf 
JNJN. JJ. 3 
Cll"IN. : 5.1 
DflAT 
DEGREES : 5.5 
aS 1.122 
llAXJ"U" 
PRESSURE: ID.I 
IATE 1.3 
TfltPERATURES 
AJR JNLET: 21 
EXHAUST : 128 

AV£RAG£ 
TIRIU£ : 93 
R.P.". : 112 
START llf 
INJN. 12. 4 
Cl"IN. : 7.3 
DELAT 
DEGREES : 5.l 
.s l.04 
"AXJMU" 
PRESSURE: 72.S 
RATE 9.5 
TEHPERATUIES 
AJR INLET: 211 
EXHAUST : 197 

AVERAGE 
TIRIUE : 154 
R.P.". : 123 
START llf 
INJN. J J.11 
CIHIN. : S.9 
DELAT 
DEGREES : 4.9 
.s J. 009 
llAXJHUH 
PRESSURE: 12.S 
RATE 7.2 
TE"PERATURES 
AIR INLET: 29 
EXHAUST : 112 

TEGDN3.9 
38.35 
. 848 

FIG AP?l 
-
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a -• 

DEGREES T.D.C. 

ENGINE • FORD !000 FUEL JD • 
CAPAC ITT • 2880 c.v. • 

DENS ITT TEST JD. • UNJDOJ! • 

REPEATABJLJTT OF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

. 
• 

AVOA8£ 
TlitlU£ ; 1 
1.r.r.. : 121 
START Df 
JNJN. ; 1.7' 
Cl"IH. : 4 
DflAT 
DfGlfU : 5.7' 
•' : J.152 
llAXJ"U" 
P1£JJUlf: 52.J 
IAT£ : 5.2 
TfltP9ATUl£J 
All INLET: 27 
EXHAUST : 17 

TEGDH!.9 . !8.!5 • . • 848 • 

: I ' 

FIG AP?2 
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D -

DEGREES T.D.C. 

ENGINE . FORD 3000 FUEL JD . .. • 
CAPACJTT . 2860 c.v . . . . 

DENSJTT . 
TEST JD. . UNJDOJS . 

• 

REPEATABJLJTT rJF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

AV£RAG£ 
TIJRIU£ . 31 . 
l.P.". : 2Dll 
STAil Of 
INJN. . 11.l . 
ca"'"· : 6.3 
DELAT 
DEGR££S : ll .• 
• s .Sil 
llAXJ"U" 
PRESSURE: 67.9 
IAlE . 7.1 . 
TE"PERAlURES 
AJR JNL£1: 27 
EXHAUST ; 117 

AVERAGE 
TIJRilUE : 91 
l.P.". : 2032 
START Df 
JNJN. 21 
CD"IN. : 9. l 
DELAT 
!JEGR££S : ll.9 
.s .972 
llAXJllUll 
PRESSURE: ll.2 
IATE : ll. 4 
TE"P£RATUR£S 
AJR JNLfl: 29 
EXHAUST ; 271 

AV£RAG£ 
URDU£ : 127 
l.P.11. : 2DJ9 
START Of 
JNJN. 24. I 

""'"· ; 12 DELAT 
DEGREES : 12. I 
.s 1.042 
"AJCJ"U" 
Pl£'5Ult£: 97.4 
IATE ; 1?. 4 
TUIPERATUR£S 
AJR JNL£1: 29 
EXHAUST : J77 

TEGDN3.9 
3'8 .. 3'5 
• 848 

FIG HPi'3 
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DEGREES T. D. C. 

FORD !000 FIJEL JD 
2860 c.v . 
UNlDtJJS DENS ITT 

REPEATA~lLJTT Of NEEDLE LIFT 
~ND CTLJNDER PRESSURE 

. . . . . . 
' 

' 

AYflA&f 
TMIU£ : 31 
l.P.11. : JHJ 
STAil If 
lNJN. : 11. I 
Clll•. : 1.4 
DflAT 
Df&lt£D : 1.2 
d J.OH 
IUUtJMUM 
Pl£SSUR£: IS.I 
IA1£ : I 
TEMPEIATUID 
All lNL£1: 27 
fatAUST : J 58 

AVflA&f 
TlllU£ : IJ 
l.P.11. : 1421 
STAil If 
lNJN. : 21 
CIMIN. : 12.1 
DR.AT 
DlGltf U : JO.J ., . J.202 . 
llAXlMUM 
P1£SSUI£: 15.t 
IATE n 
TEM,EltATUltfS 
All lNL£1: 21 
EXHAUST : 212 

AV£1A&£ 
TlllU£ . 1'2 . 
··'·"· . JHi' . 
STAil OF 
JNJN. : 27.2 
Cl"IN. : 15.l 
D£LAT 
0£Glt££S : 12 ., . J. li"I . 
RAXlMUH 
P1£SSUR£: JOJ.i' 
I Alf . Jl.l . 
T£JtPflATUlt£S 
All lNlft: 21 
EXHAUST : lH 

TEGDN3.9 
38.35 
• 848 

FIG AP?4 

. I 
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a -

DEGREES T. D. C. 

ENGINE . FtlRD !000 . FUEL JD . . 
CAPACJTT . 2860 c. v . • . 

DENSJTT . 
TEST JD. . UNJDOJS . . 
REPEATABJLlTT, tlF NEEDLE LIFT I AND CTLINDER PRESSURE 

AVERA Ii£ 
HRIU£ : 31 
l.P.M. : llD 
STAil IF 
JNJN. 22.9 

""'N. . n. • . 
DELRT 
DEGRf U : 1.7 
.s J.781 
llAXJ"UH 
PR£SSUR£: 7J.' 
IATE S.7 
T£HP£RA1Ult£S 
AJR JNL£1: 21 
EIHAUSl ; Jll 

AVERA Ii£ 
TIRGU£ : II 
R.P.M. : lf!I 
STARl IF 
JNJN. : · 22. 'l 
Cl"tN. : H. 8 
DELAT 
DEGREES : 7.7 
.s l.8 
"AXJHUM 
PRESSURE: ll.'l 
IAlE JO 
TEMP£RATUR£S 
AJR JNL£l: 21 
!KHAUST : 195 

AVERAGE 
TIJRIUE : US 
1 • .-.M. : eu 
START Of 
JNJN. ll. I 
CIJMIN. H. 8 
DELAT 
DEGREES 7.3 
aS l.SOI 
"AXJHUM 
flltESSURE: 15 
IA1£ JO.I 
T£Mfl£RATU1t£-' 
AJR INLET: 21 
EXHAUST : 109 

TEGDN3'.9 
!8.!5 
• 848 

FIG AP?S 

--·---- ·-··-·---------······ 
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DEGREES 

ENGJHE : FORD 3000 
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TEST JD. ; UNJD015 
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T.D.C. 

FUEL JD 
c.v. 
DENSJTT 

REPERTRBJLJTT OF NEEDLE LIFT 
RND CTLJNDER PRESSURE 

RY£1Ali£ 
TIRIU£ : 3 
1.P.lt. : Ill 
STAil OF 
JIUN. : 20.? 
CIMIN. ! Jl.1 
D£LAT 
D£GltfU ; I .. 4 
aS ; J.H 
IAJCJMU" 
PIUSUlf! 57.2 
IA1£ : 5 .. 1 
T£MP£aA1UltU 
AJR JNLfl: lt 
£XHAUJ1 : II 

; TEGDHl.9 
; 38.35 
; • 848 

FIG AP?6 
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a: 
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R.P.M. 

ENGlNE . FORD 3'000 • 22/5/85 ,. 
CAPAC.~TT: 2860 l!l 10/5/85 

LONG TERM DIST 100 REPEATABILlTT OF FULL LOAD 
START OF: lNJECTiaN,COKBUSTION, FIG AP?? MAX. PRESSURE & PRESSURE RATE 
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L ~ J4 
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cc 
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• 4 
x 2 cc 
z 0 

10 
l&J 
Ir 90 :::J 
U1 
U1 

IC 80 ;:::::::::=!~ l&J 
Ir cc 
L m 

' II 
• 70 ..... x 

cc 
z 60 

50 
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R.P.11. 

ENGJNE . ftJRD 3000 • 22/5/85 . 
CAPACJTT! 2860 II JO/S/85 

LONG TERM DIST 100 REPEATRBILJTT tJF 2/l LtJAD START tJF: l NJECTHJN~ CrJMBUSTI tJN, 
FIG AP?8 MAX. PRESSURE & PRESSURE RATE 
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R.P.11. 
-

ENGINE . FrJRD 3'000 • 22/5/85 . 
CAPAC1TT: 2660 '!!l 1015165 

LtJNG TERM DIST 100 REPEATABILJTT rJF 1 /3' LtJRD 
START tJF: INJECTION,COHBUSTlrJN, Fl AP79 MAX. PRESSURE & PRESSURE RATE 
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R.P.M. 

ENGJNE . Ft.IRD 3000 • 14 chg BTDC . 
CAPACJTr: 2860 • 20 cl•g BTDC 

• 26 cl• g BTDC 
100 DJST 

EFFECT nF STATIC TIHJNG ON FULL LtJAD 
I GN I TI tJN DELAL FIG .AP.80 "AX. PRESSURE & PRESSURE RAT'f. 
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ENGJNE : FORD !000 
CAPACJTT: 2860 

EFF'E.CT Of STATIC TIMING ON 
JGNJTJON DELAT. 

l 00 
R .. P .. M. 

MAK.. PRESSURE & PRESSURE RATE 

J 00 2 00 

• 14 cl•1 BTDC 
• 20 cl•1 BTDC 
• 26 cl• 1 BTDC 

JOO DJST 
21! LOAD 

FIG AP61 
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IGNITION DELAT. 

100 DJST 
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ENGJNE ; FORD 3000 
CAPACJTT! 2860 

EFFECT OF STATIC TJKING ON 
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DEGR££S ; 8.S 
aS : • IS 
MAXIMUM 
PRESSURE! 80.S 
RATE : 7.J 
TEMPERATURES 
AIR INLET: ll 
EXHAUST : JSJ 

RV£RAG£ 
TORllU£ . !2 . 
R.P.lt. : J437 
STAR1 Of 
JNJN. J5.5 
COHtN. . 8.7 . 
D£LAT 
DEGREE! ; 8.8 
.s J.OJS 
MAXJHUH 
PR£SSUR£; 75 
RATE !.8 
TEHP£RATUR£.5 
AJR JNL£T; 29 
€.KHAUST : 216 

AV£RAG£ 
TORIU£ ; UO 
R.P.M. ; HSJ 
START Of 
JNJN. JS. 8 
COHtN. JO. 8 
0£LAT 
D£GR££S S 
.s J.025 
MAXJHUM 
PR£SSUR£; 98.S 
RATE J J. 2 
TEMPERATURES 
AIR JNLfT; 33 
EXHAUST : 400 

DlST 100 
42.75 
. 849 

FIG AP109 
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DEGREES T.D.C. 

ENGJNE • FORD 3000 FUEL JD • . . 
CAPACJTT . 2860 c.v. . • . 

DENSJTT • TEST JD. . UNJDtJlS . 
• 

REPEATRBJLJTT tJF NEEDLE LIFT 
AND CTLJNDER PRESSURE 

AV£1tA&£ 
T8RIU£ : 31 
l.P.11. : Ill 
SlAll 8f 
JNJN. : JJ. 2 
C8111N. : 5.5 
DELAY 
D£Glt££.3 : 5.7 
., : J. Jl7 
llAXJllUM 
PR£SSUlt£! 51.S 
RATE : I 
T£JIPEIA1UR£l 
AJR JNL£1: l1 
EXHAUSl : J'l7 

AV£1AG£ 
T8RIU£ : 93 
R.P. 11. : 13' 
SlARl 8f 
JNJN. : Jl. I 
COMIN. : 1.7 
DflAT 
D£GR££.3 ; 5.9 
., : J.Jn 
llRXJllUM 
PJDSUR£: 70.f 
Ul£ 1 t.l 
T£MP£RA1UR£.3 
AIR JNLfl: ll 
EXHAUYJ : JIS 

AVfltAGf 
TORQU£ : JSS 
1.P.11. : ns 
SlART tJF 
JNJN. : H.' 
COMIN. : S. J 
DflAT 
DfGRfD : S.l 
., J.05l 
JIAXJMU" 
PR03UR£: H 
IPTE ; 1.5 
TDIP£RA1Ult£S 
JUR JNLf'!: 10 
fJCHAU'1 : ll2 

DIST JOO 
42.75 
• 849 

F1G,AP110 
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I~ 
• 

DEGREES T .. D .. C .. 

ENGJNE • FORD 3000 FUEL JD .. 
CAPACJTT • 2880 c .. v .. .. 

DENSJTT TEST JD .. • UNJD016 .. 
REPEATASJLITT OF NEEDLE LJFT 
AND CTLJNDER PRESSURE 

• .. . 
• 
• • 

AV£RAG£ 
TOR8U£ : 3 

•·'·"· : en SlART OF 
JNJN. ; JO. 8 
COtltN. : '· 8 
DflAf 
Df &Rf £3 ; 8 
a.9 ; J.lJS 
JUUCJMUH 
rRU3UR£; SJ.7 
1Al£ ; '· S 
TfM,fltAlUltfJ 
AJR JNL£l; 28 
EXHAUlT ; S1 

DJST 100 
42 .. 75 
.. 849 

l F 1 G AP 111 
------ ------- -- ~·- --
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DEGREES T. D. C. 

ENGJNE • FORD 1000 FUEL JD • • • CAPACJTT • 2880 c.v. • • • 
DENSJTT • TEST JD. • UNJDOJ7 • . 

REPEATABJLlTT OF NEEDLE LlFT 
AND CTLJNDER PRESSURE 

Rf OAK 
TlllU£ : 11 
1.r.1. : 111J 
STAil If 
JNJN. : I. 3 
CllltN. : - J. I 
DELAT 
Df&ltff.9 : JO.I 
.s : . 115 
llRIJMUll 
PlfSJUlf: 51.J 
IATE : 5.1 
ifMPflAlUltfl 
AJR Jtllfl: 11 
EIHAUSl : J 15 

AVORI£ 
TlllU£ : H 
1.r.1. : 1024 
SlRJtl If 
JNJll. : Jl. 4 
CIMIN. : l.1 
D£LAT 
D£Gl££.S : JO.I 
-~ : .. , 
MAXIMUM 
Pl£.9.9Ult£: 71.J 
IAlf : 10.J 
TfJIP£1AlUl£.S 
RJR JNL£1: 11 
EXHAUSl : 110 

AVflAlf 
TlltlUf I Hl 
1.r.1. : 1040 
STAil If 
JNJJJ. : Jl.3 
CIMN. : 1.1 
orur 
Df&Jtf(l : JO. J 
., : .121 
"AXJMUM 
rlf»UJtf; H.1 
1Al£ : U.I 
TfJIPOAlUlf-' 
All JNLfl: 10 
fXHAUSl : 112 

E25/3.9TEGDN 
'37.66 
• 848 

FJG RP 1.J 2 

I 
r 

f 
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I a -• 
IC 
IE • 

DEGREES T.D.C. 

ENGJNE • FtJRD 3000 FUEL ID • • . 
CAPACJTT . 2860 c. v. • • . 

DENS ITT • TEST JD. • UN1DtJJ7 • • 

REPEATABlllTT tJF NEEDLE LIFT 
AND' CTLJNDER PRES5U~E 

AYfRAGf 
TllHUf . 14 . 
l.P.". ! 14l4 
STAil IF 
JNJN. ! 10.J 
CIMIN. ! l 
DflAT 
DEGltf£.9 : 11. J 
.s . .HI . 
llAXJ"U" 
PR£.9.SUR£: 51.9 
IATE ! 6.5 
TEMPERATUR£3 
AJR JNL£1: 17 
EXHAUST : HS 

AY£RAG£ 
TIRIUE : IS 
l.P.11. : 1421 
START IF 
JNJN. : JS. J 
C8MIN. ; 8.1 
DELAT 
DEGlt££.9 : 1.3 
.s .889 
ltAXJMUM 
P1£33UR£: 78 
IAlE 1.8 
TEJtPERAlUltf.S 
AJR JNL£1: 11 
EXHAUST : llJ 

AV£1tAG£ 
URIU£ : JSS 
l.P.11. : 1411 
START Of 
JNJN. JI. 5 
C8MtN. : 10. 8 
DELAT 
DEGA££.9 : 1.8 •' .... 
ltAXJMUM 
Pltf-'.SURf: H.8 
IATE 12. I 
T£JtP£RATUlt£.9 
AJR JNL£l: 30 
EXHAUST : 1H 

E25/3.9TEGDN 
37.66 
.848 

FIG AP113 
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DEGREES T.D.C. 

FrJRD '3'0 DD FUEL ID 
2860 c.v. 
UN1DtJ17 DENS ITT 

REPEATABl'LIT:r tJF NEEDLE LIFT 
~HD crLINDER' PRESSURE 

. 
• . 
• . . 

I -

AV£1Ali£ 
TIRIU£ : 31 
l.P.". : I01 
S1Al1 Of 
JNJN. : 12.S 
CO"IN. : 1.J 
DflAJ 
D£1iR££S : 5.4 
•-' : J.1n 
IAIJ"U" 
Pl£JSUR£: 12 
IA1£ : I.I 
TEMP£1A1UR£.1 
RJR JNL£1: ll 
fltHAU.11 : Jll 

AV£RA1if 
TIRIU£ . .. . 
l.P.M. . en . 
SlARl Of 
JNJN. : n.2 
Cl"IN. : 1.7 
DflAT 
D£GR££.3 ; s.s ., . J. Jl . 
MAXJ"UM 
PRfSSURf: 74.8 
ltAlE . •• J . 
TEMP£RA1UR£3 
AJR JNLfl: '27 
EXHAUSl ; JSO 

AV£1Alif 
THIU£ : 141 
l.P.M. : Ill 
SlARl If 
JNJN. : JS. 4 
CIMIN. ; 1.1 
DflAT 
D£1i1££S : 9.J 
•-' J. lll 
MAXJMUM 
PR£33UR£: 18. J 
ltAlE 9.J 
T£MPERATUR£3 
AJR INLfT; lS 
EXHAUST : 108 

E25/'3.9TEGDN 
'37.86 
• 848 

FIG AP 114 
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a -
II 

DEGREES T.D.C. 

ENGINE • FrJRD 3000 FUEL ID • 
CAPAC ITT • 2880 c.v . • 

DENS ITT TEST ID. . UNJDtJl7 • 

REPEATABILlTT aF NEEDLE LIFT 
AND CTLINDER PRESSURE 

• • 
• . . . 

AVfRAlif 
TORllUf : 1 
R.P.M. : 809 
START Of 
JNJN. : JJ 
COHIN. : 5. 1 
DflAT 
D£GRf£3 : 5.7 
., ; J.178 
MAJCJHUH 
PR£33UR£! 51.8 
RATE 5. 5 
TEHft£1tATURU 
AIR JNL£T: 28 
EJOtAU.9T : 12 

E25/3.9TEGDN 
37.66 
• 848 

I FIG AP115 
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z 
D 20 -z 
t-Du 18 
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'=:a 
l 00 

R.P.M. 

START OF: JNJECTJON,COMBUSTJON, 
MAX. PRESSURE ' PRESSURE RATE 

, 
•e 

l 00 2 00 
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50 
TORQUE 

FnRD 3000 
2860 

EFFECT rJF E2S/3. STEGDN L. IU~.S l rJN ON 
INJECTION PUMP DELlVERT, 
EFFlClENCT & S.F.C. 
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8.2. Tables of Engine Test Results 

:' 

Fuel Load Speed Timing Test ID 
(nominal) rpm deg. BDTC 

DIST 100 FULL ALL ~o LTNIDO 0 

" 2/3 " " II 

II 1/3 " " " 
" IDLE 800 " " 

E20 FULL ALL " UNI DO 
" 2/3 II " II 

" 1/3 " " II 

" IDLE 800 " II 

E20/2.6TEGDN FULL ALL " UNIDO ") 

" 2/3 II II II 

II 1/3 " " " 
" IDLE 800 " II 

E20/5.2TEGDN FULL ALL " UN I DO 4 

" 2/3 II II " 
II 1/3 " II II 

II IDLE 800 II " 

E20/0. 2ION FULL ALL " U'\ IDO ") 

II 2/3 II II II 

II 1/3 II II II 

II IDLE 800 II II 

E20/0.4ION FULL ALL II llN IDO (i 

" 2/3 II 
,, II 

" 1/3 " II " 
" IDLE 800 II " 

DIST 100 FULL ALL II ll~ TOO Ill 
., 2/3 " II II 

II 1/3 " " " 
II I 01.E 800 " " 

II FllLI. ,\I.I. !.h l!N I DO I 1 
II 2/1 " " " 
II 1/1 " II " 
II IDl.F 8()() II " 

II FULL ;\ 1.1. 14 I ':\ l llO l ...'. 
II 2/1 " II " 
II I /'3 " " " 
II rnu: 80() 

II " 
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Fuel Load Speed Timing Test ID 
(nominal) rpm deg. BDTC 

E20/3.9TEGDN FULL ALI 14 UNID013 
II 2/3 " " II 

II 1/3 " II " 
II IDLE 800 II II 

II FULL ALL 20 UNID014 
II 2/3 " II II 

II 1/3 " II II 

II IDLE 800 " II 

II FULL ALL 26 UNIDOlS 
II 2/3 " " II 

II 1/1 " II " 
II IDLE 800 " II 

DIST 100 FULL ALL 18 UNID016 
" 2/3 II " " 
" 1/3 " " II 

II IDLE 800 II II 

E25/3.9TEGDN FULL ALL II UNIDOl 7 
II 2/3 II II " 
II 1/3 II II " 
II IDLE 800 " II 

------------------------------------------------------------------------------
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_A,.- t..,.mperoit•Jr·e 
8ar0~etr1c pres•ure 
c-.,- ,. ec t ion J a•: r :·r 
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ENGINE TE'::'.T F:ESl.IL TS 

FUEL 
DISTILLATE 
DENSITY Kg/I 
CAL VALUE MJ/Kq 

1700 

!HST 100 
0. 84'.'.'I 

42.15 

1400 

100 :~ LOAD <N•:•m1r•i\ l l .::o dt:•J E•TDC 

l/ .41:. l.?·. :..~ l·'3. 4:" 
.i:3·3. ·.:. 14t. ;: 147. ':t 

.::010 1144 145';: 
29.4 28.1 22.5 

:n .o :::1.0 ;:1.0 
1020.S lO.::o. '5 1020. ;: 

0.993 0.99'3 0.394 
1:39.0 14'5.4 14t:.';. 

29.:-c .::..:: .5 :: :.: . ·~: 
7·~.7 '34." e.7 .1 
:;:o.:;:;.o :;:4. ':"·)O 41. 5')0 
2.~~ .:: .42 2.0·.:. 
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20.l 21.1 22.t:. 
20.2 21.., :22.7 
9.3 11.8 12.7 
9.1 10.8 12.6 
9.1 11.1 12. t. 

11.2 11. 0 10.: 
1.1.0 10.0 10.0 
11.1 10.3 10.1 
0.9'.H 1.055 1.lt:S 
0.913 o.·:-t::o 1.147 
0.922 0 .'.'.'1·'3·:< 1.154 

90.5 '.'.I'S • 1 9t:.2 
.14. ,g l '3. 9 15 .1 

17e.t. tt.t .. ·:: 1.31. :;: 

9 .o ·;.4. 0 9'5.0 
4 .o t-.1. n. •: .. f! .• 0 
.0. .0 8:·. c 0 .1. 0 

.·• .0 '1 ! 'c J' ::·:-: .. /) 

'\ 

F·AGE 1 

DATE 22/5/85 
TEST ID ~~IDO. 0 

OYNO TORQUE FACTOR ;:5 • t::l 

1100 e.oo 

1.1:1.. z.g le .• 4..:. 
14t .. 4 147 .. 9 

114'.'.'I 843 
17. i:. 13.l 

:::1.0 31.0 
lo:;:c.-. ?. 1020. ;: 

0. -,·;.4 o .. :i·.:.4 
14'5 . 4 146 •. !!. 
11.5 u.o 
f?:,'.I • .:: .CJ.? .• ::: 
-:::.:.5·;:.o :" 1. 5.90 

1.70 1 • .::) 
:;:4.g. ·;. 3~2. 5 
24.1 24. t: 
4;:: .o 42.0 
71. E; 70.9 
'59.1 58.'5 

22.7 lt::.4 
21.8 1'5.1 
22.1 l~.= 
13.7 10.3 
13.6 10.0 
13.6 10.1 
·:..o 6 .... ... 
.~.2 '5. 7 
,g. 4 6.1 
1.'.::12 1. 2:<4 
1. 1-'3·:. 1.122 
1 . .::zs 1. 20:.: 

·35. 2 ,9,9. 0 
13.2 ·:.. t; 

·:.1. ::;: 4,9 .4 

·:·..:. 0 -:~1.0 

.;·,'.1.0 >::4.0 
-'!."'::.O ~-2.0 

,,5-;.. o :: ..: l . ,-, 

00 
+:-



EN•JINE 
MAKE 
MO(IEL 
N~· •: YL 
( AF'ACI TY •: •: 

F•:11::.:[I 

3000 
3 
28t-O 

~MGINE SF·EFD I M•)~IIMAL) 

·:1t ; : "• ~ :1 L· ad 
•)t>st>:·vo:-1 to:·r·~U-2' 

:)o >-?:· v.i-d speed 
•)!:> s<?rv.;,d f·(•11Jer 

A1r temperature 
8arnmt>tr1c pressure 
(~rr~ct10n 'actor 
1~~·r:-~~t~d torqY~ 

C0rr.;,ct•d r~wer 

F 1!~ l c.:•ns•Jmed 
M~as~rement time 
F•Jel mas'i rl-:•1>1 
Ec.S.F.(. 
Thermal •''icienc/ 
Fuel temperature 

N 
NM 

F:F·M 
KW 

de9 C 
mBar 

NM 
r".W 

•1ms 
Sec •:•n ~ S 
•1ms/sec 

•1ms/r:W/t1r ., 

Pump deliver//'itro~e 

d\l''.) c 
mm+:;; 
mqms 

Start o' injection deg. max 
m1n 

mean 
Start o' combustion de9. max 

I'3"ltior1 delat de9 

I·J" l t lOn dela1· ms 

min 
mear1 

max 
n1i n 

mean 
max 
min 

mean 

Max. CJlinder pressure bar 
Max. pressure rise bar/de9 

bar/ms 

01 l ~emperature de') 
Ware~ lN temperature deq 
Wa'•' OUT t.i-mperature 1eq 
E•h~~st temrerature deq 

-::.ooo 

ENGINE TEST RESULTS 

FUEL 
DISTILLATE 
DENSITY Kq/l 
CAL VALUE MJ/Kq 

1100 

DIST .100 
0 ,.134·;. 

'12. 7'5 

.1400 

67 ~; LOA[I ( Nom l r1 a I > 20 deq E<H•C 

l..1. Ot: 10.85 u . o.~. 
8-'3. 6 .st.. ·:i ·'= .. ~·. 7 

202'3 1154 .14'59 
18.8 it; .• o l.":. t; 

31.0 31.0 :~1.0 

1020.3 1020. :3 l.020.3 
0.994 o.·.:t-:.4 0.994 

88.0 8t·. 3 e .. s.2 
.1.8.7 l. '.5 .. '3 13. '5 

4b.6 44 .. '?· 45.0 
29.990 34.590 41.'590 

l.55 1. 30 1.0.9 
299.2 2'!14. :: 2·99.~ 

28.l 28.t:· 23.l 
4.1.0 42.0 42.0 
:37. l :35. ,9 36.0 
30.6 ::.·:.i,5 29.i' 

1S.8 lb.to 17. 5 
1'5.'5 16. '5 17.3 
1'5.7 113.5 17.4 
5. '5 b.b ·:i .o 
4.6 t;. 4 8.3 
5.1 t:. 5 8. '5 

11.2 1 ~. :2 9.1 
l.0.2 1.0.0 8.3 
l.0.6 10.0 8.'3 
0.920 0. 96'5 l..044 
0.836 0.9413 0.9'53 
0.867 0.9'51 J..022 

70.4 73. '5 75.4 
10.3 10.3 10.'5 

125.6 108.7 '32.0 

95.0 95.0 ·=-2 .o 
'5'5. 0 50.0 4,9,0 
73.0 17.0 77.0 

28'5.0 24·:. .o 233.0 

'\ 

PAGE ;:: 

DATE 22/5/P.-5 
TEST ID UNIDO 0 

DYNO TORG!UE FACTOR 3'5. bl 

1100 !300 

11.20 .Ll.17 
.~.·;.. 7 .<?:;i. 4 

t1::9 so·:i 
10.7 7. t;; 

:::1.0 31.0 
10:.'.':0 • .1 1.020.1 

o.·:i·=.4 0.'.:194 
·'39.l e.~ ... , 
10.b 7.5 

4t .• '5 4'5. 4 
'53.190 74.'580 

o •. 97 0.61 
2';•b.O 291.1 

28.4 ,2.'3. '9 -00 
42.0 42.0 U1 

31. z 3b.'5 
30.7 30.1 

1-:i.1 l.S.3 
.tS.5 l.b.3 
1·:1.0 lS.3 
.Ll .1 10.1 
.10.'3 :..o.o 
1.1.0 .lO. l. 

8.::? 6.3 
7 .t) t). 2 
s.o 6.2 
1. l.91> l..300 
1.1.07 1.275 
1 • 11>'5 1.287 

7'3. :3 73.4 
L.2.7 9. l. 
,97,1 44.3 

.~.,,. 0 86.0 
St·. 0 56.0 
81.0 82.0 

2..20.0 1'38.0 



ENGINE 
l"IA~~E 

MO(IEL 
Ne> CYL 
CAPAC I TY •: •: 

FOR[I 
3000 
:;: 
2860 

ENGINE SPEED <NOMINAL> 

·)tis ~r •n,d I :0 a :l 
1)b;~rv~d t•:•r·1ut~ 

Obs.,.·· ·e :! '>f' c.--;-1 
•)bs.;rved pi:•1&1.,,. 

Air temp~1·at•1re 

Bar~metr!C pressure 
(0rr~ct10n sactor 
C0r1·~~t~d t~·r~~~ 

•: :·:· · :: ·: t e :l F· :•11.•er 

F·1~~ ·:·:·~s~m~d 

Mea!u•~m::~' t1m• 
Fuel mass ii~~ 
B.S.F.(. 

N 
NM 

RPM 
KW 

deq C 
mf<ar 

NM 
1-;w 

9ms 
ieCc•nds 
>Jms/se-: 

qms/KW/t1r 
Thermal es11c1enc1 
Fuel temperature 
Pumr del1ver7/stroke 

:~ 

deq C 
mm+3 
m9mS 

Start 0s injection de9. ma1 
min 

mean 
Start os c?~bustion de9. mix 

mi ri 
mean 

I9n1 t l·H• 1·.:-lar de9 max 
min 

mean 
I·J•• l t l o:•r1 de lat ms ma1 

rein 
mean 

Max. c1l1nder pressure bar 
Ma•. pressure r1se ~ar/de9 

bar/ms 

•)1 l ter!F·~.-- atur·~ 

Water IN temperature 
Mat~• OUT temrerature 
E t !'"! J · ! ~ ': t emf· -? ,. a t •J 1· ~ 

de9 C 
deq C 
deq C 
deq C 

2000 

ENGINE TEST RESULTS 

FUEL 
[IISTILLATE 
C•ENSITY Kg/ l 
CAL VALUE M.j"/K9 

1700 

DIST 100 
0.849 

42.?5 

1400 

33 % LOAD <Nominal> 20 d ·~ 'l EcT DC 

4. '5:' 4 41 4 . ..:.4 
::::t: .• t; :::5. :: 37. 1 

2034 17~~2 1452 
7.·9 t::. 4 "3.6 

32.0 :n.o 31.(1 
1020.1 1020.1 1020.0 

0.995 0.994 0.994 
36.S '"l5. l :::t:.. '3 
7.S t. • .\ '5. t· 

2SI. 1 ~7.4 .::t:.b 
2-:<.790 :<4. 990 41. 790 

0.":18 0.78 0 .t:4 
452.8 442.t:; 40e .. :-

18.t· l';t. 0 20.t:; 
42.0 42.0 4.1.0 
2:3. :3 21.·3 21.2 
19.2 .18 .1 17.S 

13.S 1" . ., .... ~ 14.7 
13.l .12.0 14.7 
13.3 12.l 14.7 
2.1 2.8 S.8 
1.7 :: • 2 ~5. '5 
l .• 9 2.5 5. t; 

11 •. 9 10.1 9 •') .... 
11.2 9.3 9.1 
11. 4 ·:.. 6 9.2 
o.9t::s 0.970 1.0St:; 
0.917 o. 13·;.o 1.045 
0.9:<5 0.92·~· 1.051 

s·.:i.o '5·"..I. 2 t::1. 4 
6 .,. t: .1 7 .'5 

75.5 t.:?..S 84 • '3 

-99.0 ~~.~·. 0 86.0 
'51. 0 50.0 '52.0 
1.~ .• o 7e.o ?f!-.0 

t ·:,7 . c> 1 ;· :: . 0 1511. (' 

F·AGE "' 

DATE 22/5/8'5 
TEST ID UNIDO 0 

DYNIJ TORGll.IE FACT•)R 3'5 .1)1 

1100 800 

4 .E:7 4.88 
;:7. 4 ::1. 4 

.l.t 48 818 
4. '5 .?..2 

;:·;.. 0 n.o 
101'!•.·.:i 101·:<1.9 

0.9-:<1 0.'!194 
37. 1 '37. ~"! 
4. '5 :-c. 2 .... 

0: 
.::t .. I .::·::i.7 O• 

cs.::. t . .::o ?";i.8:::0 
0.'51 0.40 

410.0 4'54.'5 
20. '5 18.5 
41.0 4.1.0 
.::1. 4 ~3.8 
17.7 J.9.7 

11.4 1'5.4 
1t.. t. 14.f' 
17.0 1'5 .o 

·:.. 2 8.5 
8. :3 .~.3 

8.'Et e.4 
8. :3 7.1 
7. t. 6.4 
.9.1 6.7 
1.209 .l. 440 
1.10'5 1,29.9 
1.174 1.358 

o;.5 .1 64.S 
':1.1 8.2 

62.6 <O • '5 

.~.1.0 .f3;;. 0 
51.0 '52.0 
.g,; .. o :'':). 0 

L411. 0 l llfJ , (l 



EN•~INE 
MH-.;E 

M•:,C•EL 
N.:. ( YL 
(APA( IT'• ·: ·: 

"(1F:[1 

3000 

2-'3130 

_ .·1:~E .:".F·E[[1 t N(•MlNAL > 

:.: S:• •.>: :l l.:·~d 

_j)bS.~f v-:.--d ti:•r ·'l 1 J.l2-

I) b s '-" r ,. 'I? 1 sf·.:-.:- d 
•)b :-;r ""'d r .. : ..... ',. 

A L ,. t i' llf· er a t •J , • .:-

8 i' t" ·:•fn ~ ~ ~· l •: f• ,. ·~ S 'i IJl' t" 

Cor '!" (* 0: t l (•r, .; a•: t :·r 
•: <·•·"" ..:-·:-:: 21 t•:-r ·1•Jt-

( c·r •· ~·: tE"d r·~·Wi-:" 

F 1J t:- l ·: :· :. s. •J1th: .j 

M-:- i' "> 11 rt- mt- r, t t t mti" 

F IJ •.!- : m ~ s. s • l -:· ·JJ 

B.S.F .(. 

IDLE CON[IITION 

N 
NM 

RF·M 
KW 

deq C 
mE<ar 

NM 
~;w 

~m'> 

seconds 
9ms/sec 

qms/KW/hr 
% Thermal ~••1c1 ... nc1 

F•;.:- l temp er at •Jr e 
-P•Jmp d.:-l 1•:(·r1/<>trote 

deq C 
mm+3 
mqms 

Start o• 1n;ect1on de9. max 
m1 r1 

mo? an 
Start 0• combustion deq. max 

min 
mear1 

I9n1t1or1 d.;1<11 de9 max 
min 

mear1 
I 9 r1 1 t H· '• de l a; ms 11111 

min 
mean 

~ax. c, l 1••d"'r f·r·~ssuro? bar 
Max. pr·ess1Jrt- r 1se bar/de9 

bar/ms 

01 l t"'n•per a t•Jr e 
~ate~ IN t.:-mp.,rat1Jr"' 
.·late-r (II.IT temf·er at1Jr e 
=-- t l'°1 l 'l 'S ?_: ' •• mr· •:0 r ~ t' IJ r· 0:-

deq C 
de9 C 
d.:-q c 
deq r: 

ENGINE TEST ~£SULTS 

FUEL 
DISTILLATE 
DENSITY Kq/l 
CAL VALUE MJ/Kq 

!300 

o.::::.:: 
2.'5 

820 

-~ 

28.0 
l.0 l. .,. • ·:. 

0.989 
..:: • '5 ..,, 
-~ 

14.7 
;"3.~·~0 
o.::.o 

~::~48. 5 
2. '5 

40.0 
11.8 
3.7 

15.4 
l.3.8 
l.4.6 
8.2 
7.3 
7 .e. 
7.2 
6.5 
t) .8 
J .• 4t>9 
1.317 
.L. :..:7'3 

55.3 
7.0 

:34. 7 

78.0 
54.0 
7;:.o 
·;.4 .o 

::.o d.:-•1 BH•C 

DIST l.00 
0.84':< 

42.7'5 

'\ 

f··~GE 4 

DATE . 22/5/85 
TEST ID UNIDO 0 

[•YN(I TOROUE FACTl:iR 3'5.61 

-00 
-J 



EN•jINE 
i"IAI" c:
MOOEL. 

N<:• C YL 
( AF .. ACil Y ·: •: 

F OF·:[1 
::.ooo 
:: 
2!380 

ENGINE srEED 'NOMINAL) 

0~•·r~ed l~ad 

1_1bs~rv~~ tor·~·i~ 

l~th~~:-~·~d Sf·~~d 

.)~;~r~ed p~wer 

A 11 t emF .. •"' at •Jr E' 

B<1r•.•metr l•'. f·<"-"Si•Jr 
c-:.r r e c t l (• r1 + a c t ..:·r 
(\Jc,~~·= t ,_lo (j t <·r -~ iJ ·.?

····=·~re-ct e 1 F···wer 

F '.! ._: : ·: ,~,, s •1 m•?'..., 
t1~a--;11r.;.m~r.,. ,. .1-n.:.. 

F-= 'l ~ t 1?f: ::t ; ; .. 1 ·:O lJ 

[, .. -: .. C" .. 1·. 

r l"1 21· ma l '2' ... i ·: l •? r1 ·: 

F•.;f-: t(·mr·..:·r t1t 11r e-

M 
Ml"I 

r::FM 
KW 

d f;" ~1 c 
mB;ir 

NN 
Kl.I 

qms 
~ £- ~ (• rr '! s 
9ms/s\:.1: 

-1no• ·'1"~/~•r 

i-=·11m'"'· d~ 11 v~r: , s tr ·:•k •2 
1 r, ~1 c 

mm•:3 
m~m~ 

·; t a r t :· • i n J ~ ·: t l •> r. d •::-- ~ .. m ~ x 
ml r1 

m·~ar1 

Start o5 combu~t10~ d~9. ma~ 

11' i r1 

me-11n 
I·) r1 l. t i (• r, d~ la.· d·~ ·~ max 

ml r1 
m~·ar1 

I~ r1 l • l. ·:·r~ de- l a,. ms mil x 
m1r1 

mt.·i:t.ri 

l'"I 3 t • •: t I l r, <1.- •· F· ' "" s s •.ff "' b a r 
1·! 3 ' • F· r "s • •tr " ,. 1 'i .;- b a r· / d fo •.l 

b.ir/m-; 

<1 1 ! r ,..:.. ml2· ·..? ;· a t •.t ~ -· 

.. i .:4 ~ .:_-~- :~t t t-1rtF· .. :...· ~ t 11r ,·. 
:...:1 .......... :~·:_~·r r..-:hi·•·1-at-•1r,;· 

.. j, ~ .... - ,r.~ ·• l "'l. •• 

d•~ c 
d~q 

1e9 '· 
1.~ 

2000 

1:.NGil\JE TF',<;I RE'.:.1.JLT·:. 

Fl.IEL 
Ei"11JL:::ION 
DENSITY K'O;l/I 
CAL VALUE M.J /V.<J 

1700 

E<:O 
0 • .94~ 

:::H.£-'.3 

1.400 

100 ;; LOA(! < r.i .... n 1''3 l > 20 d,;•3 BTDC 

li" .0') U\.0''< .Lt .• ':·~ 
.l36. ':i 144 . . '!, 148. ;: 

.:·011 J.74.:: .I. '1'50 
2.s.? ~?b . " 22. ':i 

~:J. .o ::11.0 ::.:.: . () 

101·;.. 11. 101·;1. ·'3 l0.t9 •. '3 
0.994 0.'.:•99 0. ~19t~ 

1:35. 7 14'1 • b 147.6 
2-~·.6 :=t: .• 4 .~·::·. 4 

('). (} .13 ,, • 4 ':1-7. 'I 
:::0.400 ::11. , .. -,0 111. :··=.o 

2. t.-·L' :: • II•.) ~. e·~· 
:..:;~,. ~ :· .. ~ .. <::5 . ., '.:I • ~ 

::.~. ·;: _::.~ ... ;: 27. t. 
:;:7 .o :;:;·. 0 :::? .o 
62.8 bb.? t:·:1. ·:i 
'Sl. • ;· 55.0 57 .i'" 

20.1 22 .1) 
·, •·, .. 
..:.- .. I 

20.0 21.1 21.9 
20.0 <::.t. G 22.4 

7 .::: ·;.. 2 10.9 
"." .-. 
I•.;... '3.0 10.1 
i" • :..: "'.l .10.7 

12.H L: .'3J .L1. ·'3 
l.2.7 i.::-:. 0 1 J. t 
12. p. 1 ., • '5 u.t. 

1 . • Ot:D 1 .. 23:;; l.. ::~Gl 
.L. 0'5~-:; .1 • l -1'.'t l . .::;-5 
l .05~' 1 .1·:1;~ 1 • ;::;:7· 

92 .. I ·.=t5 .. ~j '.'Ii' .1 
19.5 1 ·:1. ~~ 2~· -~ 

:::·35 ... ~. :.:.o:.:. • .t J ·;tl ... ·::1 

}:
1.1 ... 0 .<>.;· .D , .. , 1 • (J 

l\').0 .,:.'). 0 G.''..O 
~~- 1 .. 1' ·' :>.I • (· .u ...... CJ 

.·· ..... ..: /1 ·,·,·1 .0 

(IATE 
TE'.:·1 

[IYNO TORG!l.IE FAC roR 

1100 

1.!'.. ~'5 
14t:. 1 

l.1.5~: 

.Li' • ..;. 

:;:.::.o 
101·.:.. e. 

0. ~·:it. 
14'5.4 
l? • .:. 

.~:;1. 3 
':,:: •• ,._:.o 

l . .,. () 
~:4e . • o 

::.;;. t:. 
:::e. o 
7.1.. ,, 

'58 9 

2:3. t. 
.......... Ct ............. 
2·3. :j 
12.0 
ll. !3 
J.l.. 9 
l.l •. g 

l.0. "' 
11. -1 
l. 70J. 
l. '57'5 
1.•.:A~i 

·3t;;;. 'I 
L-;t.6 

1::'5.5 

.~.~. () 

f'.'i.O 
.~'.1 .0 

·:.1:·. n 

., 

l"AG[ '5 

22/5/85 
[(I UN1DO 1 

:35 .61 

1>.00 

l·~· . • -;:~. 
146.4 
!'.l\'.:f 

1:::.0 

;: 1..0 
101·.:. .. !?. 

0.':1':-14 
145. '5 

I;:: • '.:! .... 
00 

·'~~..;: . :"' 00 

;·1.1.'!.0 
J. ~·1 

:<~7 .5 
27.S 
40.0 
i::·;i. '5 
'57 .1 

i.'? .• 1 
17.4 
1? J!. 
l.O .1 
1.0.0 
10.1 

.'3. 1 , .. ::. 
7 •• 

•I 

1.5"34 
1 • 41!:.'· 
L.520 

.~·;t •. ?. 
1:::.4 
t;.'!,. I\ 

.~.~:;.(I 

r.11.c 
..., t. n ... .. , ,.'J 



ENGINE 
~AKE 

~oa 
No (YL 

FORD 
~:ooo 

s 
_CAPACITY ~c 2!360 

EN•;! l'lc SPEED < N•)M!NAL I 

Obs,,,. v,; :t l ·:.;i,d 
(:t) ~ •::r \I •::d [' <•t" ·~ IJ t;

l)b s .. ~ vE-d ~F·E-ed 

Ot>s<>rv.;d p~·w.:-r 

•Hr t ,;1nr· ;,.r .itur •· 
8~r..:·mt:tr l•: f':· ... ~ss•Jr '-4 

( :· r ,. fa c t l .-:.• r1 .f cl c t ,·, r 
C <• r r ·~· •: t ~ j t '-'\r ·1 •1..: 
1 ···r ; E- ctr d F· ···h>~r 

F"1ie l 0:nr.s•1m~d 

~l..:-:t:; 1 1~~m'l?r1t tlmi"' 

-F·.L~L mass tl~·1.1 1 

£<.:: . ..-.(. 

M 
NN 

r"<PM 
KW 

de~ C 
mBar· 

NN 
Kl..i 

9~s 

s•co~d~ 

q~s/~ec 

'ms/~W/hr 
Jh,;rmal erricienc7 
~~•l remperaturE
eum2 deliverr/srrote 

;~~ 

<le~ C 
mm•3 
mgnis 

Start os inJection deq. max 
min 

mean 
Starr oi comb~st1on d•~· max 

min 
mean 

-Iqn1 t1or. del.JT dt>q m•x 
min 

mean 
I'3rrttior1 >lelar ms. m1• 

mi r1 
mean 

Ma1. c,11naer press~re bar 
:'1 ~ ' • F· r·.,. s s u r " r l s e b ii,. / d,; ';l 

b;tr/ms 

·~11 l "'t"mp~1··at•Jr f'-

1.ia t.;-- IN t,;mf·<"I' ~ t•1re 
Wat~r Oltl. t~mF·~r~tur~ 

Ft>-11 ~;!" ":'tom;-··~.-·_,,. i1· • .:-

d•q ( 
deq r 
d•' L 
deg ( 

2000 

LN•) [Nf. Tf'S r l~:r:5UL r·:. 

FUEL 
El1ULSION 
DENSITY K•3/ I 
CAL VALi.iE MJ /~;9 

li'OO 

r:20 
0. 134'5 

:::8.f.<·:: 

1400 

87 ;; LOAD ~ N.:•1TI I r1tl I I ~-:o d<:'J BTDC 

1.1.03 1.1. Oi' 1..1.07 
·'3·'3 • e. ~.e .. 7 e.e .. t. 

::~042 l ~·54 1444 
1'3.0 1E;. ': l':::C. 4 

3l..O ~:2 .o 32.0 
1019.8 LO.t·::i. ·'3 .l () .t •3. ,g 

0.994 0.99t: 0.99E> 
.'3!3. <': .~ .. ~. ;: e .. ~ .. ::s 
18.9 l,t; .• :-: .13. :-: 

'51. 4 4·~. t; 4·:i.3 
Z~.l~O "'4 .'5'."<0 4;:• .000 

1. 73 .l .4;;. 1 • .li"' 
:'.;:29.2 ':U>..5 3lt:. t. 

28.2 2·.=.. 1 29. 3 
:::s.o 42.0 42.0 
41.0 3'). ·'3 3'.':f.6 
:::3.S ·:::.::. ,. :;:2 .~i 

15.8 1'' -. ' . - 1.s. 3 
.15.'S it .• t: .17. 3 
l.S.€ 17. 0 17.7 
2.8 5.5 .,. ~. 

I • ..;. 

2.7 4. t> 7.3 
2.8 5.0 7.3 

13.0 L?.·3 U .• O 
1 "'' .,. .._•I l .l. I .10 • .1 
i2.e. 12 .0 10.4 

.1.057 j • 16'.'.i .1.266 
1.0:32 .l • .Ll.O .t.ltH 
.L.042 L. 1:~8 .l. ;.·OG 

7:3.1 7.'3. 3 7,9. ,g 
l0.6 l·1. 4 i::~. 7 

1~9.'3 151.t: 1.1'3.0 

91..0 ·::i-::.o ::1.t.o 
'55. 0 51.0 52.0 
TS.O '('.'? .• 0 i"8.0 

."":"?'.'"! .• O .-..,:·· .c ;_-.30 .. 0 

'~ 

f.'l\GI: ':-

DATE .::::: /':'i/.g'S 
ri=.::::.r l[I LINIDO,_l 

DYNO TORl.}UE FAC fOR 3~.61 

1.100 800 

11.L: 1.J.. 54 
e.·::i. 1 ·;.·2. 4 

11. ~<:: sz~ 
10. t• .'? •• O 

:::1.0 z-:..o 
101·::..s .LO l '::i. ,9 

o . .::•·:.4 0.9'::.! 
$.'3. ".'~ '31. '5 
10."> 7.':I 

Sl. 3 '5 () • ,9 
~·; :: . -~.:.:.o ?::~. l.80 
0. ·~•t. 0. 1)•3 ...... 

00 ;:2-;.. 7 :.::i~:.o '° :::.'? .• 1 2·). :3 
41. 0 40.0 
41. ;: 40.·3 
'.':4.0 :::::3.7 

20.0 .L ,g • .L 
19.0 17.4 
l'''. 3 17.7 
10 • .L .L0.1 

'3. l 10.0 
:~.5 10.0 

10.1 g .CJ 
'.) • .l 7.4 
·:•. ,9 i".6 
L.48'5 1.t:::-~1 
.l. 3:3.9 .!.. 48'3 
1.44'5 1.'542 

8J. ;:~ 77.'3 
.t t;. 2 12.0 

10·:-i. '3 5'),3 

'.;ii.o ~~.E:. 0 
'5:::. 0 S6.0 
?~•.() .go·'·' 

::· 1 ·:·. 0 j •;!';I, 0 



ENGINE 
i"!N-,f 

MODEL 
No:- C YL 
·: .'\f'A1~ I TY •: ·: 

i: or-:D 
300iJ 
::: 
.::eeo 

-"I'.:··:~ : ' "! ~· 'M(•MlNlll. I 

.-, • - ' .- j 

('h ~..::· \l '2 .j 

,-,i-. < = ,· ·.· ~ :! 
1)0 s,;r vl0-1 

! .-. e 1 

t ···r ·VJ.,:

s F·,. ,- '1 

r.·1 .. w~r 

1'.\ l ;-- ! o?mr- .-. r ~ t •Jr ~ 
8 ~ . . - 'n ~ t .... l ·: F ;· \:.. i :. IJ,. -:· 

•- ·:·r r ~ •: t l ,-. n + .l c t <...•r-

1: Oq" ~- ,_:.•:ti" .j t ·:·r· •1 IJ '2 

( ··~r.,.i::tf'1 f·.···.L•·t:r 

~ 111..:... - ~··r ; 11 m •. : .. j 
l'"~~- .l ~. : ~ ~.:.. r,.. t l m~ 

c .. :.;. ma~; ~l<•ltJ 

[1 • _ . : . I~ . 

T ti•· .. 1"1 l I -~ t '° t 1: l t- r1 ·:-, 
F11.:- i tt:-m~·E>r · tur·e 

N 
Nl'I 

r;:r·M 

KW 

d" ') 1 

mB.u 

NN 
l·;!.·I 

grns 
St-C 1: 1 r. d ~ 

9ms/sw•: 
•1'11'.'../l'W/tir 

r .. •11"!'1;:· ·1t·• 1v~r 1/strok\!' 
de-9 c 

mm+:3 
m".llnS 

St~rt ef-l~J~C~IO~ de'J. max 
mi~ 

mea~ 

Star• 0r c~m~u~T10~ de9. ma1 
mi~ 

mea~ 

I ·F• : t l .~ r. d ~ l iii 1 •fog max 
min 

m,;ar1 
~·F·: r l <•r1 de l iii~· ~IS mal 

mi r1 
r,1ear1 

Ma 1 • •: / l l r, d "° r f· r ~ s s •11· .:, b .i 1· 

M .... r-·r«·~r,"r~· rist.- l'ar/dt-<t 
h ,.,. /ms 

• =1 ~ l .- ~:· mr- E-1· a. t •J r f: 

I.:~ t · • ,. H-J t ._, mf ,. " ~ t •1 ,. •" 

: .• Lt~" r 1')l)T t -:.·mr· .~1· .J t 1.::' ,·. 

t"' 1 ·I; f' • :.mr-··.,.:· ' .. 'If .:. 

:1<: ~ 
::!.:, •J ( 
dc·q ,-

"1· •l I 

ENGINE'. TE'ST Rf.~:UL f::. 

FUEL 
EMUL:::roN 
DENSITY ~:q/ l 
CAL VALUE 1"1.J /I·: o:1 

t ".'·l.'(;' 

i:::::o 
0 . . '!.4'5 

~:8. e.:~ 

1400 

3:3 L(IA(1 (N.··rnir1ii1l) .~;-y ·1 ·~ ·~ F.< rcu: 

,, . 41 

3~. 3 
::·n::c, 

i'. 'j 

::•:1.0 
1020.0 

0.990 
:;:5. 0 

, .• 4 

;:1 • ::: 
::9. 9 .. 710 

.t.04 
~Ot .• O 

!!:>. • :;: 
:::..::.o 
.::4 .·.:i 
;:o .. ~;. 

1'3. !3 
.1:::. 2 
1:3.G 

- .5 
·-. 7 
- • E. 

14.4 
. t~: .. 7 
14.1 

l . .ti>:.:: 
1.1~:0 

I .161 

t:l.5 
;·. t. 

·::i.t."" 

!!(). 0 
I\': . . 0 
;·s .n 

t":"• .0 

4. ;::" 
:::5. 0 

1;-:.-:• 
t·. ;: 

.::·:i.o 
1020.0 

0. 9':10 
:::-i. ;· 

( .. ~: 

:::·:>.'\ 
.:::. . J ·;.o 
o.~4 

4~~.4 

19.~ 

35.n 
~·3," 

l-=t. :< 

13. 1 
t ., 

12.2 
l. :: 
l.O 
J..l 

LI. ·;t 
10. ~ .. 
11.2 

l.151 
1. o.;::;. 
1. 07'::~ 

t~.l. II 
.c~ ... 3 

,O,f .• [ 

,l.:• ('. 0 

':ic:.O 
"?.~. '0 

I,·:· .. r1 

4 .. 0 1 
:::.? •• '5 

J 4 ;:t:;. 
'5 •. <,?. 

2'.:t.O 
1 o:-;o. o 

o.:;.90 
~:.~ ... ~ 
5.7 

:::o. ::: 
42. 1::io 

0.7.:: 
450. ~: 

20.6 
';:'5. 0 
24.2 
~':0.0 

15.B 
is.o 
15.4 
~.G 
5.4 
s.s 

10.1 
9.4 
9.S 
t.17? 
1.086 
L.143 

85.:3 
10. 2 
!!-7.'5 

P,:~:. 0 
'iO.O 
!~.(I. 0 

1 "i"· . (' 

'\ 

F'AGE I" 

DATE 22/5/85 
TEST CD UNI~O 1 

OYNO TOR•~•IJF. FACTOR :35 .t)l 

I LOO !?-00 

ii .. ':'.·" 4. i'b 
:::t.' :· :?,I,? •• .L 

114':. ,g:.:;5 
4.4 ·3,:3 

'.°~'.'I. I) :::e .• o 
102(}. 0 10<~0.0 

o. ·;.~710 0.989 
·3~:. ::: ::·7 .7 

•l. 4 :: • 3 

2·:.1. ;: 33.l 
c~ ~· • ':"_--4~.:.o 'i''.:: • .LBO 

I), 5'5 0.45 
4~)7 .o 4~3.9 

20. ::: lf.!..5 
·::7 .o :::s.o 
.:: ;: • 4 28.5 
19. ": Zl.9 

1~ .• I.I 1'3,J 
17.::: 1.!? .• 1 
17. 7 113. ~ 

u "':• ......... 10. 1 
e .. ~: 10.0 
,c~. • ".;: 10. 1 

LO • .l ·:i.l 
9.0 e.. 0 
·::.. 4 8.4 
l .47;:'. J.. e.42 
I. ~!.1.7 .t. 610 
l. 374 1.705 

67. ~·:: t::;•. 0 
ll. 4 w. e. 
7!3. ·3 '5?.. ~~ 

~.(j. I.I ,.,~. (j 

'50.0 E:l. 0 
e ~: .. n f; . .;. . • 0 

l ., ~· . (' .l ::~~ •. (' 

.... 
'° 0 



I: N·-; rNE 

11Al-\E 
M(•l•EL 
~~·:· ,- (l 

·~ AF'>'I•~ I TY 

r ORC"• 
·-::ooo 
":.: 
~!360 

n:•;r~E -.FH[• ("J••MlNAL> 

I·~ -j, - ·,. i· 1 l • 1\ ! 

:)bs1..·:v· ... 1 t·~r·1·J.·· 

t ·~-: ... :'" v .. ~ - f-. .... '.'! 
!"'lb"';\.,,,.'.'.·. 1 ~· '"I, 

"'\ t ~ ~ •· :ar· f- r "' " •J r • 
~ J, •" l\,:0 f' l •" ~ • ,:.. "i, Cj,IJJ" ~ 

1 .-.r :- - : f ~ ··r1 ,. " -- t ·1 

:- ·: t ·.· 1 ' .... . l 1 l 

"' • ,,. (" T • 1 r·. ·1.1.- r 

~ IJ. .• • < :,'", '-'.&flh.:..d 

,.., .... Jc .ar f- ·!',· r. t t l tl'lr 

c •• ...... ~ 11\ 1 . -.. r l · .. ,, 
~4 - i I 

! t', ... z ,.. :) l ti:' ' l -: \ fl!'l'l •".' • 

r-,Jiol '""'r·rr •t11r~ 

I l•l .E CONClITION 

N 
NM 

RPM 
1-:w 

d•9 c 
mBar 

NN 
KW 

~m$ 

$•C~n1$ 

~~$/$"~ 

qms/KW/hr ., .. 
~-.,:~~ d ... •l tv<Cr _1/str· •:>II~ 

dt:'} c 
nun+') 
11\~lllS 

·. "'. ,.\;' 

~ • ;l. 

·.· • 1 rt J ..... ·: t \ 1) n d ~ •J., m• 1 

m1 ra 
m\!'~r, 

i O:~•lllt"1~tl•:•n dt'g. lll;JI 
111\n 

m•iln 
I'J'·:·:•·•· 1.::111 de-3 lllil I 

111 l fl 

mear. 
: ·l · : r : .-. ,, ~ t- I a~ m!. lllil I 

111 l fl 

m•ilr. 

N.\ 1 •• - • l 1r1J,:..1· r-r \•ii"i•Jr~ bar 
~-",. r-~ ·ir.'\•irt:o ,. \ ll;,f· loi~r /d~·i 

t>ar/m$ 

,•n1~ ii.•l "1 .. 'Ir f.o df·q c 
• J l •. ! ~.: t ........ ,. ' l J t •ll , . d•.>•) I ..... • ! ' ' ~ t t.•I"~ .... ' '\. 'Jr .;.. :!fo<t r 
( 1 "•". . ~ ir- .... , 1 ~ ·~ •. _ ... ~1 ~:.. •1 l 

11·11>tME TESl l~ESUl.T':. 

FUEL 
EMUL :;Jf1~1 EZ.O 

·'~00 

0. 
:~ .. .:. 

.•~. ·:::· 

=~·~. 0 
10~0.0 

0.9%' 
,: . ~. 

15.~ 

~~-~10 .. ~· 
v--~ 

~~:3.~ 

2.~ 

?.5.0 
1 , --·· J0.5 

ll>.t' 
l '5. t:. 
lb. 3 

o .• 4 
7.3 
.CJ..O 
13. 7 
B.O 
~- :: 
1.74~ 

1.t~OO 

l . t:.'St-

'52. '-' 
'5. 4 
~7.~ 

';'·~. 0 

"il .o 
;·4 .o 
. • ii . I" 

r:.3/ l 
14Ll.IE 11-l /I•: 9 

.:·:• •fo 03 BTDO: 

o .. ~45 
~:P. .• B3 

t ·A13f. .~ 

DIHt:. 22/":1/.~'5 

Tf.'.:.l Ht Ut.J!tlO .. l 

DVMQ T•)FcOUE FAO:T•JR ::;i:;s .61 

'\ 

-'° -

. I 



ENGINE 
111\KE 
MODEL 
N·~ C VL 
CAPACITY .:•: 

1·ns:.:t• 
?-000 
~: 

2.13i:;o 

(MG !NE ·"·F'l:F f• <NOMINAL I 

··•t-s .. rv"'i l<•ild 
•)~ '5.~r v~d t •:•r ·l•J~ 
a)t;.~.;.~ v~d -:.r-••d 
•)btj,~r v~d f'.:•w•.:.r· 

o\lr t-i;·•r ~ T •Jr• 
1'<"1 •:•111,;tr lC pr_.'i>!i'H >! 

.- :-r~ t:-•:t l\:•r• .f~-:tor-

1: ..• ,. r .:-·: t ... •d t~"r·1•.ae 

•>:-r r ... - t • d f· t'w•r 

N 
Nt1 

HPM 
l\W 

cl• i C' 
m'Bu 

NM 
KW 

i"" 
\d.O:O:•l'ld' 

f- 1J~ t ·····r1S•Jfth.~d 

,..;:.ac:.•lr foo1t11oi-r1t t tn1t
F•,,;l •• ,, rl.:•w 
r• : .. 1· .l·. 

•J,.1i/s,;c 
9m,/KW/hr 

T~,;rm•l •rr1.::1•~.::, 

i"•••l t•mr·•r at•Jr" 
P~~F d,;l1v,;r1/stroa,; 

:-: 
d•g c 

111m•·) 

1119111, 

Start o' i~J•Ctio~ deq. m•• 
min 

111~•n 

St~rt of combu!tlO~ d•g. ••x 
mil'I 

m••n 
l•Jr•itl•''' d,;1•1 ·fo~ lllil 

min 
me•~ 

I •J r.1 ti or• ~e Ii 1 ms miU 

mi ra 
111•1n 

Nai. -:1l1nd~r ~r~ssur~ b•r 
M~•. pr~~~ur• rise b•r/d•~ 

b•r/ms 

Oil rrmf·~riat••r• 
W.lt-·: !N t~mi:.:-~·~r•Jr~ 

.~,~ 011T tt·mr·rr:'\t•lf,. 
: '•,. . .. ''"'. ··:· .. t •Jt' •·• 

d•~ c 
d~~ c 
d•9 f 

<:1.:-·1 '· 

LNf;J:NI:' TEST RESULT~: 

FIJEl. 
£.11UL ·7, I r)N 

C•ENSITV K•J/1 
Cl\L VALi.iE 11.J /l·:'I 

r: :'.O/-;:. t.:.Tr::GC•N 
O.M8 

2000 

100 

1~.60 

132.9 
~~~ 

~s.~ 

;:e.. 0 
.Lo.::o. 4 

0.9t\ct 
.l31. 4 
~··e .. 3 

;·~ •. ? 
~·-:•.S-:tO 

~.t:~-~ 

3110.t· 
Z"I'. 3 
:«1. 0 
til .. i. 
s::.1 

Z0.3 
20.1 
~o.~ 

B .. :-c 
s.-~ 
B • =: 

.1.:::. 0 
.1.l..9 
11.') 
0. ~'?'5 
0. ·;it:;.:< 
0.9t=.':• 

,9·::,. 6 
.16.4 

2.02. ;• 

l?A.O 
,.~. 0 
;•#).I} 

';t'.4 . 

3B. E;<:i 

l :·oo 

LOAC• IN0:•1111r1a I l 

18.0\ 
.144 •. ~ 

1 7~;=~ 
.::.: .• 4 

·::-i.o 
10:.::0. '3 

0 .~~~~ 
J.4 3. 'J 
:~€;. 4 

83.~ 

~4.S"'O 
2.4.t 

3~9.l 
28.J 
:~t:•. 0 
t.~~. '3 
55.1 

:~1. 7 
:,:1.1 
2.t. ~'? 
.L.1.0 
10 •. •) 
1.iJ. 9 
10 •. '3 
l.O • .1. 
10.3 
.l .031 
0.9t: . .:: 
o .~11n 

-:..;: • 7 
l ;·. '5 

H!-3.'.< 

nu ., 
\.." ... 
t..::. 0 
.".O. 0 

·:: ••• ,r, 

1400 

.::o fo~ C•TDC 

1..!.\.0'.;: 
144.4 

1445 
:.::t.-".>. 

~~.o 
l020.~ 

0.9"'0 
.l4J.O 
21.6 

~~.: 
41.9~0 
~.10 

350.0 
2€.t!: 
·::\: .. o 
70.2 
'58. :: 

22. 09 
21.~ 

22.4 
.12."' 
11.8 
.1.2.4 
.LO.'.:'f 

".•.l 
10.0 
1.260 
L.050 
.1.. 1.5:~ 

95. '5 
l.7.B 

.l '5'1 • .l 

!?.P .• O 
t\3. 0 
'?t:t.n ...... 

F'f\GE ·.-i 

DA1E 22/S/SS 
Tf.'.:.i l[I UNil:tC•_::: 

DYNO TORDUE FACTOR : 3'3.Sl 

llOO 

1 F.I. L '3 
J. 4 '5 • ;: 

11'14 
.17. 4 

·.:::::.o 
J.020.5 

n.~·;1~ 

144. E; 
J.7 .3 

-'?·~ •. ,. 
!.; ~· • ;.;.o 

l.iO 
~:~2 .~ 

.::1::~. 4 
'.::~4. 0 
71. -'3 
5':..~: 

2'3. t:; 
:;2.7 
23.0 
J.3.8 
l.,.6 
.13.7 
10.0 

':•.O 
·;1. ·;: 
1.1158 
l • 31-'3 
.1.. :~'3 '5 

':•'5 • .:. 
1.5.0 

10::..0 

•1?.:1.0 

""'. 0 
!~.!). (J 

;:11-, . ' 

1~.00 

LB.it:; 
14'5. 4 
.".'.';:.,;; 

1 ., --·' 
::i.o 

l.0:0::0. 5 
(). 99~< 

144.4 
.t::: .E; 

~ .. '3. J 
l'Z • .LM 

.L ·~·> ...... 
:"~47. II 

;.::.:;.e 
:;:~1.0 

70.S 
'58." 

l 0'3. 2 
.LS .1 
.L.'3. l. 
Ll.'.:1 
.u.o 
.L.1.. 5 

7.1 
"' .., ...... 
8,6 
.1..41t; 
1.231> 
.L. ~:.u 

.~.·;.. :3 
LO.;? 
51. 3 

.1:1,•). () 

·:.::.o 
1•.0.0 

':J ~ ... 

'\ 

-'° N 



ENIHNE 
MAKE 
l"IO~L 

N<• CVL 
C'At"A('"I TV •: ·: 

FOOD 
3000 .. 
~' 
2860 

ENGlNF ':-PEH• <NOMINAL> 

Ob c..•r v~ d l (•:Ii 

•)b'l.erve".! t.:-r ·~•Je 
(•t-'l.,.rv,.d sp. •d 
•)b ""r ve".! f"~,..,,.,. 

Air telllJ·•r at•Jr • 
E'a1·,.,.•tr 1.:: pr •ssurw 
Corre~t1on factor 
.- ·:·rr e•: t~d t~r ·:i•J • 

Corrected pc•wer 

F••• I <:on'l.•Jlfted 
M•a~urement T1111,. 

F ,, "'I mass r 1 ''"' 
[<.5.F .C. 

N 
NN 

RF'l'I 
KW 

d~g c 
m8•r 

NN 
KW 

91111 
!•cond1 
':)1115/S~C 

91111/KW/hr 
% 

d•g c 
Th<t~mal •fflC1<tl'ICf 
Fuel te111per1ture 
p.,..,. d<tliv<tr1/stro•• -•3 

lll'llllS 

St•:-t ,,r inj•ction d•i· ma1 
inin 

m<t•n 
St•rt of combu~tion d•9· m•1 

111in 
m••n 

I')nition d<th7 d<t'9 ••• 

I9n1tion dela7 ltlS 

•in 
me•r1 

11111 
111\n 

111ean 

Ha•. c7lind<tr pr<tssur• b•r 
M~•. pressure ris• bar/~•9 

bar/ins 

n1 l te111perat•Jr,. 
Water IN temp,.r•ture 
Water OUT temperat,·re 
f:lP.1~'!St t~ft\f'•!'l·c1t 11r·~ 

~·9 c 
~~i c 
de~ C 
de~ C 

t'.NGINE lEST RE.~.1.tL ,-.;. 

FLIEL 
E11UL:.roN 
CE:N·;rrv K')/I 

l20/2.~rEGDN 
0.$4$ 

CAL VAL.LIE: l'l.T /K9 3~.6~ 

zoon li'OO HOO 

t:7 :·; LOAD ( Nc•m 1 r, .:1 I l l.O d••J IHDC 

l l.Ot:. u.;:o J.0.9:• 
.<;.113. Ii s·).6 137. '5 

?.0€:4 1734 144:• 
19. J. lS. '3 H.2 

~:o.o ~:1.0 :::o.o 
J.020. '5 J.020. '5 J.020. '5 

0.99Z o.9'.;n 0.992 
097.$ .9·;1. J. .~t). 8 
i~.o it .. :~ .\ :•.1 

'50. '5 IVil.0 4i" .·;:, 
: .. ~.590 ;:4. 990 4 J.. '.:<90 

1. i"l J..40 l.14 
~::::...:. t.":. ~:J.1 • 8 "' L:~ . .1 
.~8.~ :'.?9. 13 2'3.7 
.. o.o :::9.0 40.0 
40.1 39 • .1 :).9. 3 
:~3.1 :i2. 3 :il. t> 

J.S. 0 J.7. 6 18.2 
14.7 .1.t>. 5 J.7 .4 
l,.'.'5 J.7.2 17.6 
4.S i".4 8.5 
4. '5 7.3 ,43. 2 
4 .€; l" .3 e. ~1 

U.2 10.3 '). ') 

.1.0.0 !°i .2 8.9 
10. ') '3.9 '3. :~ 

o.·::.02 0.987 1.147 
0 •. 903 0 •. '3.'3S l.032 
O.B77 0.949 .t.07.1. 

71.l 75.8 77.2 
10.4 9.9 .1.l.7 

129.4 102.6 101.S 

9-:C.O 94.0 92.0 
'5 ;: • 0 '50.0 4'3.0 
i'Cf. 0 77.0 80.() 

.:·;;--.o ::4i" .o 2~€.0 

f·MH:. LO 

[)ATE 2 :;;'5 /8"1 
TF.:ST Ht LIMIDO ::: 

!WNO:• fl)RQIJE FA1::TC1R · :3~. SJ. 

J l.00 e.oo 

I J..4 L 1.1. :'!2' 
'3.l." 13"3.13 

J. J. 39 $23 
10. ') 7.7 

~:o.o :::o.o 
w:.::o. ') 1020.!5 

(). 9~1;:; o. 99-Z 
-:io.t:: e-:•.J. 
10.8 ?.7 

'5J.. 4 !54.'3 
'5"$. t •;..() 7:~. :-ie.o 

0. '!17 0.7~ 
::.;::J.. p. :::so.9 
i.s.·:. ZS .!5 
40.0 3·.:..o 
4.L • .1 44.0 
::::-1. 9 3S.4 

20.1 18.l 
20.0 .1.7.5 
·zo.o 17.8 
J.J.. 9 .l.L .9 
u.o l.1.0 
.ll.2 11.5 

'3.0 7.2 
8.2 5.7 
s. ,9 S,3 
1. 3:?J. l.450 
.1.204 l.l.45 
l.:::92 .1..280 

.go. s 7,9,•3 
13.2 9.~ 
')0. l 47.0 

e.9.0 IM.O 
'53. 0 54.0 
80.0 134.0 

2J.~ . . o ::O'S .O 

.,. 

-'° 1..1 



ENGINE: 
MAKE 
M0(1El. 
N~· CYL 
•:APACITY •:.:: 

FORD 
3000 
.... _, 
::::sso 

t:NfilNE SF'EEC• INOMlNAL. l 

Ot·sc-r ...-~ct l~•d 

·)b.,~r ved t•:>r ·~•JI!' 
,-,t-~<·r ·.·•·d p••<1 

(lbs'°' v·~-1 f··:>i.•o!'r 

N ,...., 
RPM 

KW 

Aa r t t"t\'E'·~r- ~ tur• 
:3.>r·:·m·:· tr 1·· f•r .,..,\•Jro!' 
c~rr•ct10~ ~~ct~r 

~0rrected tor1~~ 
r.·.rr•ct,,.d F·<·w•r 

de-!) (: 
mEta1· 

fll1 
•:w 

F1Jc-l C("n~u•n~d 

M"•s~r~m•hT time 
F».:l in•'>\. ~lc•w 

r•.S.F" .C. 

'Jlft! 
s•..::t•r1ds 
-J•S/seo:: 

9m.,/KW/t.r 
% 

d"9 c 
mm•:3 
m~lllS 

_fbe~mlll er~ic1enc, 

"'·••l t•mr·er<1turo!' 
P»mr deliv@rf/\,trolo!' 

St•rt of inje~tion de9. lllil 

111 in 
mean 

Start o~ combustion de9. 111•• 

I qt'> l t a-~n de 1 •)' 

-!qr11tivl'l dela} 

111\n 
m•1r1 

dc-9 :!Iii 

min 
me•n .. , .... 

min 
m•aro 

Mal. ~ylinder pres.,ure b•r 
Ma1. pr•ssur• r1s• bir/de~ 

bar/111s 

01! te111per·1t•1r• 
War.,,. IN t.,.111,.;r•t•Jr,, 
IJa t ,., C-JT T '"'F' er• t •Jr• 
E. 1 ~. -l •& ~ t t .._~ mf· •.!' 1· .- " •.: r t!-

d•g c 
d.; ·~ (' 
d•·9 c 
dE-·l 1· 

ENGINE. TES' r~F.·;1.1L r~: 

Flrt::L 
EMIJL~ION 

[IENSITV K•3/l 
E20/2.STEGPN 

0.848 
CAL VALdE MJ /10:~ 3~.~9 

2000 l i'OO 1400 

)3 % LOAD <Nomih•l> ;~O do!-'J 9TrH:: 

" • '1.l 4.::s 4. <l.l 
3~. ~ )4. l '3'5. 3 

;:'.0~9 J.i' 4:: L•136 
7.S G ~ '5.:) 

.:::·:i.o =-~~ ... o :::s.o 
1020.'5 .lo.:::o.s .tOW.S 

0.990 o . .,,<:10 0.989 
3'5. 0 B.~ ;34 .9 

,. •• 4 t: .• 2 5."' 
•);,.?. ~ z·.:•. ·s ~~·.:i. ,g =:" .. ~·r·)O :~4. ;--•;10 42 • .190 
1. O:' , ••. <\ •1 0.7.l 

'S20. '.': 4~•1 .·;. 11~4.0 
17,'3 : ~ .• 'J .l'!I,:.? 
:<~.o "'9.0 :::9.0 
:.?5.S 23.4 Z3.S 
21.~ .l'?i.·::: 14:1.i' 

.1:3.:.? 1·, . ., ..... .13.7 
l.2.8 .t2 • .1 12.8 
.L3.1 l:Z. l .L:3. II 

.L. l ;::.1 4.B 

.l. (I 1.9 4.7 
1.1 2.0 4.7 

1:.1 10.2 ·:i.o 
tl.B 10.0 e .. 1 
L?.O 10.1 8.7 
0.991 0.977 1.049 
?."36'3 o.·.::it::1 0. •J4 .1 
o. o:ie.:~ 0.9~9 1.007 

58.8 5'3. :3 Sl. .l 
7.7 6.9 7.S 

93.9 72.5 S5.0 

~HLO /?.:'i.O e.~1. 0 
40. (! 40.0 44.0 
;•t= .• 0 ;·c: .. () ;-""). 0 

!'31. 0 1.::.~.o 1"5~ .0 

P~\GE: 11 

DAfE 22/~/8~ 
TEST ID : UNID0_2 

DVNO TC•RQIJE FACTt:tR :3~. IS.1 

1100 BOO 

4. t·'" 4.64 
?.7.6 :37 .2 

l t::: ::: M9 
4.4 :3.:3 

}:0 f.' 80.0 
1020 ,.'!, .1020.9 

0.9~Z 0.992 
');.~ :3S.S 

'1.4 3.3 

27.2 :33, 8 
~;:<.7~i0 7.L..180 

0.':H 0.47 
41~.'5 :522.0 

42 • .r, .17.8 
~<9. 0 39.0 
21 • . '!, 27.1 
lP.. (} 22.4 

.17.3 17.4 
.t7.3 .17.2 
17.) 17.3 
~.2 .11.0 
·;.1 10.1 
·;1.1 .10.8 
·'3.2 7.Z 
S.l €' .... ..... 
! . :2 6.6 
l.2W .l.419 
.t.1~5 1.22t) 
.\ • 2.11 J .• 290 

S:'S.13 f:,'3. :3 
B.9 J.O. ;-

:5'3. 7 54.4 

811.0 e11.o 
"54.0 ~:3.0 

i""· .o P,.1. 0 
!.'3"5. 0 13!~ .o 

'\ 

-"° 1:-



... "' ., ~ .. • r . 

~ ~., · '"Nf 
:""':\ ... ~. 

,.. ': ·:: --
n:. ··vL 
•_Af'r.1· I TY 

F•)H[I 

-::ooo 
:: 
2.~t":O 

[ M'-: ~ 'H <·<:El ( NO:•MINAL > 

Oto .-· ·, .- ' ! ··a :I 
,-,b ..,;._ ... -.·~., t.:·r -~·1..._· 
l•tt 'i,P. ... '."'- .. C..f· ...... ~ 
:_1 b So...· •·.· •l ~ .· . ...,,.-., 

·' 1 · t it- n'\r "'r ;, t 'Jr e 
.. •J. .. .. ,, ~·: F · -~s-;•Jr ~ 

., :" ... · t ~ -~· r1 i • -: t :•r 
. t \,. ... ·l 't .·-:~ ., 1 l :· 

-.... - £· t: "+- d f' t•t.&••r 

~ ·~·· ~ .- .... r. i•HI\~ 1 

Z1e d: t; •Jr f- "9'.:.. r, t t 1 n1 ,:.. 
F•J·~l ft\J->'> fl<·W 
[t • '":° • ~· .. I_ • 

lt,.,.,·.n.-l ;r~1·:1.;-: .. :1 
~~~1 t~in;·~r•tur~ 

IDLE f'ONlll'rIOr~ 

M 
NM 

f·:Pl1 
l\W 

df!o9 c 
1n[I ir 

NM 
1·:w 

JmS 
s•conds 
qms/s.,c 

gms/KW/hr 

"· 
P•1mf d<-11•·<-rt/'>tro, .. 

It t") (. 

mm+:? 
mg ms 

·::.t~rt .:.• '''J~·:t1•~1\ deg. •011 

min 
mearo 

St.\• t <·' c~·mb•1<;tion d•g. ma1 
mi r1 

mt 1r1 
Iqr1 l ~ l '-"r' d..: l d.;t de'J ma1 

mi fl 
me an 

! 'I r.i t I ·:· r, ;le l a 1 1'!15 mi1 
.,.. i ~. 

me in 

Ma'. ·:·!ind~·· f·1 .. ~ss•Jr ~ ~. ar· 
11 • • • f' r E· r, s •Jr .. r i s e b a r Id·~ 9 

l>ar/ms 

•lt l !L•mt·f.,"' at•.r" 
-WJ,._.- (N t~.:>p.-rJf•:r'<

~..l.\tf'r (11.1r tr-nift:ii·•t•Jrt> 

~ · ' t"1 J _. ;. t ':' .:.. m;· •: r • • • u· ~ 

de~ C 
de~ C 
rl•q c 
d~q c 

f':·1•}[NF n.~.1 r·:['='.1.11 T~ 

Ft.IEL 
FMIJL'."·l•:ON 
l•EN-.:.rrv ~: 03/l 
Cf\L vnu_1E 11.J 1~:9 

P.OU 

0. ~<I 
.:·. ~ 

1"10 

.::-~.o 

.10..:0 •. '!. 
() . .. -.. ~·(.,' 
~. 'l 

J.t: .• ·:i 
;·;_. :·t.o 
0. :· :: 

.o::~.bl .. -

.:: • 4 
40.0 
!) • t> 
11.: 

lt;.:< 
J.S.4 
J. 'l . -· 
9.:: 
~. ?-
9.0 
7 .! 
.,; .• 4 
t). ·:i 
L.425 
J.. _:·j~ 
1. :<~5 

54.4 
t;. 8 

.3). ') 

~-0.0 

t:'5 • 0 
7t:;.O 

J.OOJJ 

::o d.;'l EtTC•C 

E ::.:O /.:. 1; I F'1j[1N 

0.1?·~·'·" 
:<£\. t.·:.t 

t=·AGE 1 :! 

DATE 22/5/85 
fEST ID UNID0.2 

(tYNO TORGllJE FACTOR ::::•s. t>l 

'I. 

-'° V1 



E::1,•:JINE 
11Al\E 
MOCIEL 
N~ CVL 
CAPAI:'. ITV •: •: 

FC'·[1 
:?Ot '? 

3 
28BO 

[W~ lNC: SPEED ! NOMINAL l 

O~s~rv•d lo•d 
~b5erv~d torq1Je 
0bs .. rv~~ sre•d 
Obs•rved p~we~ 

(qr te'llf>£-rilt1.1re 
~~r~m~ta·~~ pr~~~~r~ 

C~rr~~t1on filct~r 

•>·rr >!'.: t •d H•r ·~•J e 
((•r,.&cto-o power· 

F•J~ l -.:or1~Ufth!'d 

N1r"">1.1re•.ent tim+ 
F·J~l m•'iti rl"'•w 
B,s.r· .c. 

N 
Ntl 

RPM 
KW 

deg C 
1118e1r 

Nl'I 
Klol 

i"'" 
\~O::Or1d., 

9•ns/sec 
9111\/KW/t1r 

Th~rm•l >!'ffjc1~n~7 

f"• el t l'lf>i· t·r • t IJ r • 
~~mr d"1'liv~r7/stro•e 

; .. : 
de9 C 

111111+3 
1119ir.s 

Sti"rt o>J ir•JeCtion ~•i· lftll 
!"o~i n 

me1ri 

St•Ht c;.; :c•111b1.1stior1 de9, 11111 

min 

i'}l'>ltiN. do!'llJ 

I9n1T1N1 dela/ 

melln 
d"1'9 111•1 

Ill i l'I 

me1ri 

111$ 11111 

mi r1 
mear1 

!'i) - • ·:; l trod>' . ' .. ·.' '•; :· ~ '" 
i 1 

,. .. ' .. f· r r i; ~ •Jr • r l s E- b;oir/d<.-~ 

h.ir/1T1o; 

• 1 ~ ~ •fom~·rr at•1r~ d\.·~l 

W ..... ,. IN {•'ll\r· .. ,·~t·1r.;- ;h»l 
1J.1r .. ,· 0•.11 ti-1l\F·t·1·at•Jr.r· f1f-,J 

: t "'• " ;. ' ' '° <· tnf· ,:.. f ~ "•u· .:. d ····I 

[NGTNE TEST RESULTS 

Fl.IEL 
EMULSION EW/5. 2TEGDN 
CIF.NSITV K')/l : 0.850 
CAL VAi.LiE MJ /Kg 38.55 

;;,:ooo J.700 J.400 

100 ~ LOACI <Nomin•ll 20 d· .. ~ 0·rc1i:-

.lt'.01 1-. • -~e .1~.l~ 

l:)t: .• <: 14::::.1 .l4'5. 7 
;:.ot~i .li':<9 J.1131!-

~.~.7 2E:. ! ~'!.t • ·.:i 

30.0 ?.(). 0 '.H.O 
.10~.l. 0 tO.?l .1 J.O:.?l. • . l 

0.99<: 0.991 0.993 
.0'5.0 141. '3 .144. 7 
28.5 25.S 2J..S 

81.4 85.4 90.l 
:::0.1·:<0 ::•4 .~r.;.o 4::.190 

:.! .10 .::.44 2. l'I 
:<40.t~ 340.0 :::~;:.o 

27.4 27.~ Zl':.!5 
'.n.o :~4 .o ::{5 .o 
t)4.2 S7.4 7.1.4 
s:<.5 '5€; • .l 59.4 

20. :: :.?'2. 0 22.7 
19.2 21.0 22.0 
1'3. ·;. ;,?,1., s 22.4 
J.O.O J.1.~ 12.8 

'3.2 .Ll. 0 12. i" 
9.7 11.7 12.7 

l0.7 J.O. '~ 10.0 
10.1 9. ~~ ~· .z 
10. 3 ') .-.::i 9.l': 
O.M2 0.979 1.lS~ 
o .. ~:= ,, o .. ~ .. ~:3 .L. 08.L 
0. !34~· O.':t49 l.HB 

.-:i •. ~ •• -3 ·:i.::. t· '!14 • " 

.l ~-. ~· 1 "<. ~· J.~:. 7 
.l ') :: • ·;1 1:;:('. ~ !1.9.2 

!>. O: • (J ,~.;· .o M.O 
57.0 t.::: .0 i:.':).0 
;··:..o !•.(). (} .•?.o.o 

~ ... :,-:. n -::".'·, .1") ,,,,. () 

PAGE .l'::I 

DATE : 22/!5/85 
TEST ID : LINI[JCt 4 

OYNO Tt)RQUE FAt:T1)R : :3~.IH 

J.J.00 P..oo 

lS. :;:2 .18. 32 
.1.41:: • IS l4S.7 

J. t~9 830 
.i7. '5 12.S 

.·.::i.o '=9.0 
10:.?l. • .1 102.1. 2 

0.99:5 0.'!1'!10 
14~ .·::· 14!5.2 
J.7.4 J 2.~ 

•)1. 1 8'3.3 
53.l~O 72.780 

l.. i.L l.. 2:3 
~!511. :.~ :~'50. 0 
2S.4 :?S.7 
::-:7.0 :~s.o 
72.4 7.1.:'3 
I);(). J. 59.l 

:z·3. s 19.l 
22.7 .1.8.4 
2:3.2 .LS. 7 
.14. t:; 12.e. 
!4.!5 12.7 
14., 12.8 

'3, 1 ~.:') 
I' ,,, 
".~ 5.t:; 

,9,7 ~.9 

1.::::?.t.; l.2S!5 
l .• L·;1.:: J.. J.2'!1 
1. 2i".1 .I .• lS'i' 

•;ti). 3 •JI0.8 
J.:< •.I. .LO.S 
.l;l•). t) '3.?.) 

n?.O /?.P. •• O 
t;.4. 0 '"·l. o 
·'~ L • 0 , .. ,:,. (j 

;:4·~. () ;: I ''I , 0 

'\ 

..... 
-D 
a-



ENGINE 
'"!AKE 
"IODF.L 
Ne- C YL 
(APACITV ·:•: 

FORD 
:'.000 
=~ 
28t.O 

S::N•~ lNF SPEE[• '. NOl'II~~AL l 

_0~~~rv•1 10ad 
(1~~~,v~d t~rq~~ 

N 
NH 

•-•~s~rv;;.d Sf•t-t-d r\c"M 
Obs~f·vii>d f"•:·w~r- t<~! 

"ir t~mpe-r11tur• d-...9 (. 
Bar0m~tr1c pr~ssur~ m8ar 
Correct1~n ~actor 

•:.:·rr~Ct\!'d tor,1•Je Nl'1 
Cor-~ctt-d p~wt-r KW 

Fuel consum~d qms 
Mea'!.•Jr•m•nt t1mt- sec•:>n~s 

~u•l ~ass f1ow ·.ms/sec 
B.S.F.C. 9ms/KW/hr 
Th.,.rmal .,.;fi~iency 

F"•Jel t,..m1>"'rat1.r·e 
P•Jmp d\!'l lv.,.ry/stro•\!' 

;·~ 

dto•J c 
111111+:3 

ftl!J~S 

·:;tart e>f injection Je9. •A1 
min 

m~~n 

St~rt c< combustion de9. mA1 

min 
me An 

lojnitiN• d ... lA;Y 

Isni t lC•r• del ii)" 

de9 111111 
miri 

me11n 
•s 111a1 

min 
me11n 

1'111. c1lihd~r pr~ssure b11r 
11aa. pr•ssurt- r1se ba~/d•<J 

bilr/ms 

01 I temf·erature 
:..J.tt""• IN ternr:-erature 
Wat··' OUT t•mrol'rat•1r e 
~- .. t.1·J~" t~mt~r-•t·Jr~ 

d•'J c 
<h»J c 
1c·~1 C 
d,»} •: 

l~l·l•.JINE. l E :;, r RESl.IL rs 

F l.IEl. 
c:l1ULSION 
CoENSITV Kq/ l 

E:!0/5.;:; I EG[IN 
o .. 3'jo 

CAL VALUF. 11.J /l~'J 3B.~5 

::ooo 1 ;·oo 

L'7' :-; LOAD ! N.-.,., H1 al I 

1 J. • ~.':i LJ.. It 
.9·:.. ·;. _q·.'•.O 

::: 101 11:;:-.;. 
l'.'"1 •. 9 .Lb •• ~ 

:::.l:LO .28.0 
10.:' l. 2 !02.l. :J 

o. -.;.e..~ 0.98B 
-~-9.-~ .'37.9 
J.~.5 Jt:;.O 

'S4. ·.:· 48. i" 
.2B.'-:<"i0 ~:4 .990 

.L. ,9•:;. .l. ;:·:;. 
~..:4S.9 :::J.::.-:.:, 
it ... '3 ;:•). ,9 
~:l>..O :::e.o 
4). 5 :38.S 
:::.:. .1 :J:;"~ .o 

lS.8 17.3 
.L'S.~ .Lt;. s 
16.:: 16.7 

t::.5 ;·· .4 
5.4 7.3 
S.7 7. :i 

.1l. :3 ·3.9 
9.4 'El • .l. 

10. t: '). :) 

0.898 0.954 
0.74'3 0.873 
0.839 O.S9t: 

72.2 74.8 
'9. ~ .LO. 4 

.t.~4 . .::: .l.08. :3 

-=· ;: . ,) ::.2.0 
'5.l. 0 4.'3,0 
P.0.0 ,,.,. . () 

~.~.·s. 0 .::'lt::.o 

1400 

20 d~q £tT[1( 

J..l.14 
a·:..·z 

J.443 
1:;;. ~ 

0:.9.0 
1021.0 

0.9~t0 

,98.:3 
1). :~ 

49 • .t 
41.990 

J • .L7 
~:1'3 .4 

z·;..t:; 
:.~9.0 

:3'3 • .1 
:~2 .4 

18.1 
J.?.4 
17. ,9 

'El.:! 
·:i • .l 
~.2 
.'3.·::i 
0.2 
8.S 
.l.026 
0.946 
0.995 

?".3 
9.8 

84.S 

90.0 
47.0 
79.0 

2:31. 0 

'\ 

Pf.\•3E .L4 

!:•ATE 22n;s~ 
TF.::ST IC• : UNIO(o 4 

OVNI) lC•RG!IJE FACTC1R : :3!5. t.H 

L.LOO e.oo 

.tl.1') 11. i:::r 

.'!\·~." ·::•:3. l 
1119 P..29 

.10.~ .g,1 

26.0 27.0 
1021.0 1021.0 

0.988 0.987 
g.'3. :2 91.9 
LO.:~ 8.0 

so.a ~1.0 
'5). ·Ef~40 72.?80 

o.·.:i:J O.?O 
·::22.5 :~111;. 2 
29.0 2·,;,.s 
:~'.:1.0 :~9.0 
40.0 40,8 
33.1 :~3.8 

19.9 1'3,0 
19.2 18.5 
19.S 18.8 
lJ..9 l.2.8 
1l. .s 12.? 
.u.a .12.? 

8 • .1 S.3 
7.3 5.7 
?.? s.1 
1.20? 1.2137 
J..081 .L. J.48 
l.. l.S4 1.21s 

.go, :3 ??.S 
H.1 10.7 
,90,9 !53,S 

e:;··.o .':'S.O 
s:~. o 55.0 
'?'-:i. () g3.0 

21:: .o 1-:1.9.0 

'° "'"' 



ENGINE 
HAKE 
MQOEL 
tofo CVL 
CAPACITY >:•: 

FORD 
:3000 
3 
28t:O 

ENGINE SPEEO <NOMINALl 

•Jt> o;+r Yf'd )\'lid 

•)bo;.,.rved t.:•r•lUI!' 
•)b~forv+d sp+•d 
Ob> ·~r ve d p (•1111!'1' 

A1r r+mp•rlltur• 
Bllr0mPtric pressure 
f OI" r + c t 1 e> n 4' a c tor 
•>,,·r "'"= t•d tor~u• 
C·:-rr•ct+d f'0111•r 

F•J"' l cons•Jir.ed 
M+;\~•1rern+nt tilll• 

F •J"' l •• s s f l 0111 
B.S.F.C. 
T~ .. r~al err10:1enc1 
Fu•I tt-mr·eratur+ 

N 
NN 

i'<PH 
KW 

deg C 
111Bar 

NM 
KW 

91115 

St-C•:>r1dS 
9ms/St!>O: 

<JlllS/KW/hr 
,.~ 

F'•11nF· del1vo<ry/stro•o< 
de"] C 

lllCllt:) 

"''l"' 
Stllrt ~f injeo:tion d"i· ma1 

mi~ 

m,.lln 
Stllrt of co•bustion d•g. mllz 

min 
mt-1r1 

1"}r11ti•H• del.:a:r de:q mllJ 
mi r, 

mean 
T qr, It l <·•• d• l ~ )' "'' mar 

min 
mean 

NJ•. c,!1nder pressure bllr 
H•1. Fl"fo~Surt- r1s~ bar/deg 

bar/1115 

01 ) I *'"'f'i'I' at Ul'.,. de9 c 
W ' t ,, • [ N t E- lllf«· I ll t 'JI' "' d.: q f~ 
t.;~·~- OlJl tt-•nf·torllture 1e9 0.: 
t-~, ... 1, ... • r,·.ln•···rar•u··: '1•.·q 1 

ENG!NE TfST RESULTS 

Fl..IEL 
EMl.ILSION 
DENSITY K9/ l 

EZ0/'5. ZTEGDN 
o .. ,so 

C.-\L VALLIE l'iJ' /Kg :<8. '55 

':!000 1700 

33 % LOAD tN01111nJll 

" • 2.1 4.43 
):) • i. 3'S • '5 

20~f:'. ti' ~4 - .. ( ... t.. 4 

27.0 ;;:s.o 
102 l. 2 10.~1.) 

0.988 c.9e.e 
·n.2 3'.'5. 0 

;·· .1 "'. 4 

30 • ., :)Q.·) 

:::o.ooo '.;:4 .:•<;tO 
J..O.:! o.e~. 

518.4 4~i9.B 

1-!!..0 18.I' 
:;;9 .() :~s.o 

l4.2 24.5 
:w.1 20.4 

l 3 • .L l?. .1 
1;!. e. 12.0 
12. ·.:i 12.0 

~'. .4 :~.8 

1 9 2 .·~ 
2.1 ?. • 4 

1.L. l ·:t.2 
10.t. 8.2 
10.·3 8.6 
0. ':tl:< 0.88S 
o .. ~70 0. 7,13·~ 
(). e.·);: 0.825 

'5.'!\ • .l t~O. 2 
5.9 b.8 

71.4 :·:·.'3. 6 

P.P,.(J .~.e. .(J 

47 • (} 4!? .. 0 
!•.I). 0 f:(.l.0 

• ·"·0 - ,., 1;·1. 0 

1400 

20 d<l<J flT[)C 

4.:n 
34. t> 

J.4:<9 
5 . ., . .. 

~9.() 
10·~.1.. 2 

0.990 
:34. 2 
5.2 

l8.7 
41.990 
o.ss 

477.:5 
1·:1 • .,;; 
$.'!\.O 
ii.·:-
1.9.0 

.13.0 
J.2.0 
1
., . ., .......... 
4.S 
:3.S 
4.0 
,3 • ., 
e .. o .. •') o ... 
0.970 
0,'3:'.:11 
0, ':tS.1 

'.'58 • .1 
t::.3 

S4.8 

P.9.0 
'H.O 
f:~:. 0 

l';.:.O 

PAGE lS 

DATE : 22/:3/8~ 
TCST ID : UNID0_4 

DVM(I T1:1ROUE FAC'TOR 35. 6.1. 

.1.LOO 800 

'1 • :'$;'! 4.60 
34. C; 36.S 

u:ic:i SZ6 
4 • .L 3 ... . .. 

28.0 28.0 
LO'Z.L. '5 .102.L.5 

o.-=-.~e. 0.988 
:34. z 36.4 
4.1 :::.1 

::112.4 :31.4 
~n.1~0 73.J.ISO 

0.4'..1 0.43 
5:~7. 7 4~0.e 

.IY.4 19.0 
:<8. (/ :-(!5 .o 
25 •. , 25.0 
21.4 20.8 

1.9 • .L .L8.9 
17.4 18.Z 
17.6 .LS.4 
.L0.1 11.si 
9.9 11,.9 

.LO. 0 11.9 
S • .L 7 • .L 
i" .4 6.3 
7.6 6 .'5 
1.178 1.429 
1..076 1. • .?73 
.t .105 1. :Cl? 

S.9.7 65.0 
S• .4 ~:i. 4 

~4.0 4t>.i" 

l\'5.0 M .O 
3:'5.0 ::4 .o 
1t::.o 7'3 .o 

.144. 0 1·B.O 

'\ 

-"° 00 



ENGINE 
l1ril\E. 
MODEL 
Ne> CVL 
CAPACITY cc 

FOJ~D 

"3000 
:~ 

2SW 

ENGINE SF'EED (NOMINAL> 

Ot-'>•r ved 1.:-ad 
Ob Soi'I"' "'-' d t(•i"l•J. 
Obser .,,._,d s.r••d 
Ob S'-'r ll~d rower 

Air t•mr·•r•tur·• 
-8•~0m~tr1c pr~ssure 

Corr•ct1on factor 
Corr~ctoi>d tor~u• 
Cvrr<('Ctt-d p<>111•r 

l:OLE CONDITION 

N 
NM 

RPM 
KW 

d•9 c 
1118•r 

NH 
KW 

F•J~ I cc-ns1t1n•d 
H••surem•nt t1me 
F•Joi>l ••ss flow 
E<.S.F.C. 

'3111S 
stocor1ds. 
9111s/sec 

9111s/l:W/hr 
Th•rm•l oi>fficiency 
Fuel temp•r•tur• 
Pump delivery/strole 

•.. 
'• 

d•g c 
-•3 
111911\S 

St•rt of inje<:tion deg. 111•1 

111i n 

•••n 
St•rt of combustion deg. 111•1 

111in 
111ean 

- Iqn 1t ion d•ht deq 111•1 
min 

me•n 
- l•Jn 1 fl<·•• de l •1" ms .... 

111in 
m••n 

H11. c7lind~r pressure b•r 
Ma•. rr•ssur~ rJse b•r/de9 

b•r/ms 

-oi-1 -,!4 mper atur f.o 

W•t;,o (N t.:m~·erat•Jr~ 
W•ff:'r (tlJT temper •tur~ 
~.~~~st t~mp~ratyr~ 

de~ C 
d~9 c 
d~9 c 
d~q ·~ 

ENGINE TEST RE:SUl. TS 

FUEL 
EMULSION 
DENSITY K'3/l 
CAL 'JALUF. MJ /l'g 

BOO 

0. :<1 
2. '5 

e~s 

.2 

2S .. O 
1021.'5 

0.988 
2.'5 . :~ 

16.8 
72.940 
0.23 

,2:,t>,'52. 5 
2.4 

34.0 
i:::t.4 
11 .• 1 

17.S 
1'7.1 
.17. :) 
10.::! 
10.J. 
10.l 

'7. '5 
i' .0 
7.2 
1.504 
l. 41'5 
1.452 

'SS. '.5 
t::.4 

-~i.s 

;·<:o.O 
3<l .() 
74.0 
•;q. 0 

20 de9 EHr.•; 

E ;~0/'5. ~TEGDN 
0.850 

::E\. ~'5 

F·A•3E lo 

DATE : 22/:3/~ 
TEST ID : UNID0 .. 4 

DYNO TORQUE FACTOR 3!5. 61 

'\ 

.... 
'° '° 



EN(j J Nf.: 
MAKE 
MO(IF.L 
N<:> C YL 
1:APACITV •: •: 

r·urn:i 
::ooo 
::: 
2-St.:;,o 

ENGlNF SP(E(I < N(ll'1INAL > 

O~s,..rv•d loa~ 

- Ob~erved tor1ue 
Obs•rv•d speed 
Qbs•r~•d pow~r 

Air t••f·•r1tur·• 
~.,,~metr:c pre~\~,-~ 

Corr•ct1on factor 
- Corrected tor1ue 

Corr •ct •d pc-w•r 

N 
NM 

1;;f·M 
KW 

d•CJ c 
mElilr 

NM 

''w 
9111s 

seconds 
F•J.: l consu111ed 
M•asur•m•nt time 
F••el mass Jle>w 
~.S.F" .C. 

9111s/••c 
91ns/KW/hr 

Th..iormal eJfic1eroCJ' 
Fu•l t•111p~ratur• 
Pu111p deliver1/stroke 

;-; 

d•CJ c 
111111•3 
rngrns 

Start of injection deg. 111a 1 

111in 
m•ar1 

Start of combustion d•g. m11 

Iqnltion dela;r de') 

lgn1 t ic•n d•lay ftl!O 

111in 
meiln 

111a1 
rnin 

rnean 
1na 1 

min 
meiln 

Mai. cylinder pressure bar 
Hai. pr•ssur• rise bar/d•q 

bar/ms 

01 l temp tor at•1r·,.. 
W.1t.;,· IN ~emperil'Jr-" 

L~ate-• l)IJT t•~•P""r at•1r• 
E ' 1"1 l · J ~ ~ t ~ mr -2- r i1. t ·l •· to 

de9 C
d.:-~ ( 
<l~C) c 
d·,~ ( 

::.ooo 

l:.NG.lNE. TEST 1;;e.su1. E' 

FUEL 
'::MUI. SION 
L1ENSITV K~/ 1 
C Al.. VALUE MJ /1·:~1 

1790 

F.:20/. 2'.IOt. 
0.845 

38.83 

L400 

100 ;:.-; Ll)A[1 IN~·miroal) 20 do!-~ BTCIC 

l ;·. :~t.. l.8.!J8 ll? .. 4 1 
1 ~·;. .o .l44 •. g 1'1i". 4 

~0.1;· .l /'~;1 .l4'5".:'I 
2').4 2t.. '5 '2i"!.~ 

:~" .o :~o.o ~:2.0 
.l02J.. '5 102 I.. '5 10;?.l. ':S 

0.998 0.99.1 0.994 
138. t. 143.5 .l'I s . t) 
29. :.: 26.~: 22.4 

78.7 .9:).5 .~9.') 

:{o .1·:;.o :<4. 790 4i.5·:;io 
i. t)l 2.40 2. l4 

:<20. 4 :-<28. 5 ~:11:-:. e. 
Z,Cj. ·.:i :.::..s. 2 .'?i".O 
'.:~4 .o 37.0 :;.B. 0 
62.4 66.5 7 ~ .1 
51.7 '54.8 '58.6 

20.:) 21 •. 9 :Z2. 7 
z.o.o 21.0 21.S 
20.l 21.·2 22.:3 
e .. :{ 10.0 11.S 
S.l ·:i. 9 .to.-:< 
B.2 10.0 lJ..:< 

i ·") ., ..... u •. '3 11.a 
.Ll.7 11.0 J.O.O 
11.9 1.1. 2 11.0 

.1..007 1.121 .1..343 
o.·:.t:.7 1.043 1.142 
o. 9e.o 1.064 l.Z61 

9;? .4 '3.'5 • l '!16.3 
19.t:- .17 .s 22.0 

237.4 1·'37.4 1'32, 4 

}: .. ~ .<> ~-.;!. 0 92.0 
o::.o St..O 66.0 
w.::.n P.:<.O .'!.:-1.0 

3·:.0.0 "3~·1J.O ''7E:.O 

P~IGE. l i'' 

DATE : 22/S/8!'5 
TEST ID : UNIDO ~ 

(IYNO T0~1QIJE FAC"TOR :3!5. 61 

1100 e.oo 

lS.Si' .ta. ~;7 
14,9,7 14.'.L S 

lJ.40 a:<i 
li". 7 1:3.1 

30.0 za.o 
1021.'5 1021. !5 

0. 9':t.l 0.988 
147.:3 146.S 

i7.IO J2.9 

·~.4? 87.7 
52.9~~0 71.9e.o 

1. i"O .t. ·z·2 
:<48.3 :<40 • .1 

c?S.S 27.:::i 
38.0 ::e .• o 
72. 4 70.':S 
59.7 58.1 

2:3. 4 ,1..9.2 
22.7 17.o 
2:3,0 J,.9.i 
1.2.8 J.1.1 
12.7 u.o 
1.2.8 .\.1.0 
10.6 i" ,:3 

~f .9 ..... 
.1.0.2 7.0 

J..:554 1.444 
.l.44S .L, 30'5 
1.495 1.400 

•3,9,0 ·:il.. 5 
1.8.7 12.2 

.l27 .·3 6L.6 

':12.0 P,.7. 0 
t.c:., 0 t..L. 0 
e.J . • o .••.::. 0 

3'50. 0 '.I, .. () 

'\ 

N 
0 
0 



EN'3Ii'IE 
11Al'\E 
MOOEL 
N(\ CYL 
CAPA•~ITY ·~·: 

FOR(• 
·3000 
_, 

lSt.0 

ENG I hi!:. ·.;F·Ef[1 (NOMINAL l 

Obs•rvej load 
Obs~rv~1 torque 
Observed speed 
Obo;erv•d power 

A i r temp er a t u r e 
9aromo!'tric pr•ssur• 
(or•ect1on 4'1ctor 
1:~0 rr.,,..:to!>d torqu• 
Corr tocted po..,er 

N 
NM 

f(PM 
KW 

di''I ( 
mBar· 

NM 
KW 

9ms 
s.•cc•r1ds 

F•J«-1 cons•J•ed 
Mea'>•Jrement time 
Fu" l 11 ass 4' l ·:·111 

~.S.F".C. 

qms/5«-C 
9111s/KW/hr 

Tho!>rmal e4'~icienc7 
Fuel temperature 
P•Jf!IP d•liver7/stro•e 

;~~ 

d•g ..:-
111•+3 
lll'JlllS 

Start o~ injection deg. ma1 
m\n 
•~•n 

Start oi coMbustion deg. 111a 
~in 

Iqnu ion dela7 

I9r11tion dt'la7 

me1n 
d°"q Mil 

•s 

•ir. 
1nei11n 

maa 
1111n 

meilln 

Mai. c7linder pressuro!' bar 
Mai. pressure rise bar/de~ 

bar/ms 

01 I t«-mperiltur·e 
=wat.;..- IN t<"lllF·•rature 

Wolter OIJT temper o1tur• 
~ '~' .J•&'\ t t~A\f".:..f <1t1Jr ~ 

d~q c 
d«-q c 
dP'I f 

di'i c 

2000 

ENGINE TESl kESULfS 

FUEL 
EMUL~·ION 
(IENSITY Kq/1 
CAL VALLIE l'IJ /l".q 

1?00 

ElO/.~ION 
0.845 

·.::e .•. C33 

1400 

~7 :--; l.l)A[• (N·~m1no1l) 20 d .t •3 EtTC11: 

J. 0 • . '3::: J.0.94 l.l.1:• 
!3E .• I> -'3i". 6 .g·:.. J. 

;~Oli .. 1744 .1 4 :-ct: 
.lS. J 1€.0 J.:3. 4 

;;-;,.o :_·7. 0 :o·s.o 
1021. '5 .l02J.. '5 1021.5 

0.990 0.9BE; 0.988 
$'5. 7 .<;!.i;;. I\ .g.g. 0 

lS.l l~.8 J.3. 2 

48. '5 47.S 4.9.1 
;co.190 :~4. 790 4~:.190 

l..l:>l. 1.37 l. .14 
:119.4 :;:J.:::. 5 309.9 

Z9.0 z·:i." 29.9 
38.0 :=is.o :::9.0 
38.~ :).'3. 2 38.S 
:11.9 :::1. 5 31.i'" 

lS.9 17.l 18.2 
14.7 .Lt>. 4 17 .:< 
l.'S. 2 lS.7 .1.7. t> 
3.8 5.S e.:~ 

3.~ 5. !'5 .g.1 
:<.7 5.5 8.2 

12.2 lJ..S 9.9 
.10.9 J.O. 8 9.l 
1l.. 5 11.l 9.3 

J..007 l. • l.Oi' 1.147 
o.·301 1.034 l..057 
0.95.l J..OS5 J..083 

72.·3 75.7 78.8 
1 L. 'S l.O. I!> 12.0 

13';1. 2 l.J.0. 7 103 •. l 

9:-c.O 92.0 .n.o 
'5.~. 0 47.0 4.g.o 
;·-:..o 7·.:..o 79.0 

.::67.0 z:::.C? .. O Z24.0 

l''~\GE: L ):I. 

OATE : 22/:5/85 
TEST ID : UNlOO 5 

DVNO 'fORCIUE FACTOR :~~.tH 

1100 1~00 

J..L. 41 1J.. l:H 
•3J.. :3 .. :1:3 .o 

J.J.:)Z. 832 
10 •. 9 s. J. 

28.0 29.0 
1021.~ J.021.7 

0.988 0.989 
90.2 ·n .o 
10.7 e.o 

4'3. 2 5.A..6 
53.390 ?2.580 

o.·r12 0.71 
:1J.O. :.c 3.1 ~. l. 

29. '3 29.l 
~~a.o :)9.0 
39.5 41.5 
32.6 34.i 

1'3.8 19.l. 
19.1 18.l 
19. 4 18.?' 
J.l. 0 l.l.. 9 
10.l l.O • '9 
10.8 l.L.2 
8.9 8.1 
8.1 7.1 
8.6 7.5 
1.318 l. .611:) 
1.1'.:15 l.. 430 
l..263 l.5~ 

80 • ., 7'3. 5 
14.4 11.5 
97.!5 57.2 

8'1. 0 f~S.O 
'52.0 56.0 
1'8.0 83.0 

·~a·:i.o 20.t.0 

'\ 

N 
0 ..... 



ENGINE 
MA~;[ 

MODEL 
FORll 
3000 

N<· CVL . 
CAPACITY .:•: 

~: 

28~0 

ENGINE' SPEf.D INOMINAL> 

Ot> 5""" 11• d 101 d 
Obs.:rvt-d r-,rquc 
Obst-r v•d spt>ed 
·Jb'ierved power 

A1r tf~•p•rlltur• 

9ar .:·111• tr i •: pre\\ ur e 
Corr•ct1on fictor 
c,~rr ec ted torque 
Corre-ct•d pow•r 

N 
Nl"I 

RPM 
KW 

dt:-9 c 
mEt1r 

NN 
KW 

F•!e l COl\\Uaotd 

Ht-asure111ent ti•• 
F•Je l t11i\'i fl.:-·~ 

l.'l.S.F'.C. 

'JlllS 
'if:-conds 
<Jlll'i/\ol:•: 

91u /KW/hr 
Thermal effici•nc7 
Fvel t•mr•r1tur• 
f'""'P d•l iver7/'itro•e 

:~ 

dt:-9 c 
mm+'J 
lllCJtll'i 

St1rt of inJection deq. lllill 

mi 11 
111e1n 

Start of co111bustio11 deg. mi11 
Ill i ,, 

IMlil\ 

I ·Jr, 1 t i c-11 de li17 deq • ~I 

min 
111e;i11 

I9nition dt'lilY ., m11 
111in 

m•1r1 

Mai. c1linder pre\\Ur• bir 
Ha •. ~r•ssur~ rise b1r/d•9 

bAr/1115 

01 l ~•111>er1t11re 
;..i3~'°'. IN t•111p.-raturol' 
W~t•r OUT tf:omp•ratur~ 

E,t-, 1 .;" te-lftf·\"'r•t•Jr~ 

d•CJ ( 
deq C 
d•<J I 
d;,q ,-

;'!000 

ENG[NE TESl RESULfS 

FUEL 
EMULSIC•N 
DENSITY Kq/I 
CAL VALUE MJ /1•:9 

1700 

G:0/.:2ION 
O.M~ 

38.83 

1400 

:):;: ;-; LOAD I N.:•m i 11 i 1 l 20 dot•) BTDC 

4.5'5 4.07 4 .35 
31). 4 32.S :)4. /3 

20J.7 J. ;·:{4 142:< 
7.7 "3 ,';! s. 2 

27.0 7!8.0 28.0 
1021. t) 102.l. '5 J.02.l. s 

0.98f.; 0.981!. 0.!'1°!!0 S 
3"3.9 32. 2 :34.4 

i" .€. '5. s s. 1 

3.l. s ZP.. • . t '2'3.1 
:<O. 190 :::4. 9.90 42.590 

1.0"3 0.!!-0 O.S.'3 
49t~. 9 4":15.1 479.5 
18.7 18.7 19.3 
:..:~•.O :<8.0 :~s.o 

2'5.Z Z2 .'S z:3.3 
20.S lS.5 19.2 

13. 2 12.1 13.1 
13.0 11.9 .12.0 
13.1 .l2 .1 1.,. s 
1.1 1.9 :"4. 4Et 

.3 J. . ., ... 2. 9 

.5 1.S 3.4 
J.2.9 10. 9 '). s 
11.9 10.1 8 
12.S 10. 'S '='·· 
l. .C>e3 l..050 ;, .1S4 
0.9SS 0.97S 0.9Sl 
l..041 .L.013 1.oes 

S.L.3 59.') 61.0 
ti .8 f .• 7 8.5 

82.9 70.'Z 72.7 

87.0 P,.;',O 88.0 
40.0 so.o '51. 0 
,.., •. o 1·~1.0 t:3.0 

t·:<u.o lt-2. 0 l '5.l. 0 

l''AGr; 1.9 

DATE : 22/3/8'S 
TEST ID : LINI[1(1 S 

DYNO TORQLIE FACTOR 3S. t>J. 

1100 l:'-00 

4. ISS 4.44 
:.~i". :) 35. !5 

un 827 
4.4 :3, l 

za.o '~? .o 
1021.S 102.t. 'S 

0.988 0.98S 
:3s.a ~.1 
4.4 3.0 

28.3 :::io • .L 
53.390 72.980 

O.o:l 0.41 
437. =~ 4~9.1 

'Z.L • ;? 19.0 
3i" .o :~7 .o 
22.7 24.2 
l.t>.. 7 19.9 

17.'5 J..'3 .1 
l.7. 2: l.7.4 
li" .4 .li'.9 
9.2 11.0 
,9. :3 .L0.1 e.., 10.3 
'!I. 4? 8 .u 
8.2 7.1 
.;1.·3 7.6 
.1.361 1.G14 
1.l.10 1.4213 
1.307 l.. '!525 

t>6.3 6S,S 
.10. J 9.9 
68.4 4'3.3 

P,.3.0 .~i..o 

::is.o :< ),0 
75.0 ;·s.o 

13€. 0 l ~~·:i. 0 

. ~ 

,..,, 
0 ,..,, 



ENGINE 
t1Al'.E I" ORll 
l'IODEL 3000 
No (YL :;: 

CAPACITY •:c 2860 

EN•> I NE Sf'EED <NOMINAL l 

•)t-ser ved load 
Ob served t ~'""l'Je 
O~s .. r ved Sf>eed 
Ob served po111t!'r 

Air t••f'•r·11t11re 
B~rometric pressure 
Correction ~ilct~r 
C0r1'~cted tor~ye 

Cc·rrccted po11H·r 

~ :-.sumed 

IC•l-E CONDITION 

N 
NM 

1;;r~11 

l\W 

de•1 C 
111Elar 

11111 
t·:w 

q1t1!'. 
- ~ _ , r e n1e n t t i n1e 

F•iel "'a:.s flow 
[l.S.F .C. 

!fiC•:•r•d~ 
q1t1s/sec 

')lfts/l,W/1...-
Ther~ill efficienc7 
Fuel te111per11t11re 
Pumr delivery/stroke 

; .. : 
de9 C 

111m+"3 
lllCJlllS 

~tilrt of injection deg. mill 
min 

meilr. 
Start of C<'•b11stion de9. 111a1 

min 
111e;an 

Iqrution dt!>lilT 

I9ni tic-r1 del ill' 

deg mi11 

111in 
me~" 

•s m11 
rln 

111e1n 

Na1. cylinder pressure bar 
Mai. pressure rise bar/de') 

bar/111s 

O: l remf·erilture 
W3ter IN temper~tYre 
~iter OUT te~perilture 

E1t"1!•1st t~"'F''-~r at•Jr~ 

de•:t C 
dt!>i c 
deg C 
d ... •) C' 

ENGINE , .:-:: r RESUL ,-~: 

FUEL 
EMIJLSI(IN 
DENSITY Kg/ 1 
CAL VALUE MJ /~:c;1 

e.oo 

0.32 
2. '5 

821 
·~ . ._ 

21' .o 
102!.S 

0.9St> 
2.'5 
.z 

1'5.4 
7~.5BO 

0.21 
'.;:'5J 3. 9 

2: .6 
:-<7 .o 
J.2.4 
J.0.2 

J.7.l 
1'5.0 
.l6.S 
9 .. 2 
.C3.:3 
.'LS 
.g. J. 
7.2 
7.7 
.l. 6'52 
l.466 
.l.554 

SS.6 
7.: 

~35. i 

l>.l.O 
'5~~. 0 
74.0 
·: .. , .0 

20 deq BTOC 

E.20/. 210N 
0 •. '34S 

:-cs.~:-< 

PAGE: =:o 

[1IHE : U.j:3/8':5 
TEST ID UNI[1f~1 :; 

DYNO TORQlJE FAC f1)R : 3'.'.S.tH 

'\ 

"' 0 ...., 



ENGINE 
11AKE 
M.:lCIEL 
No CYL 
CAPACITY •:c 

FORD 
3000 ... . ~ 
2-91:>0 

ENIHNE SPEED (NOMINAL l 

Obs••v~d load 
Observed tor1ue 
Obs•rved speed 
Observed power 

Air teinf·erature 
Barometric pressure 
Correction factor 
Corrected tor1ue 
Corrected rower 

-F11et c-on~umed -
Measur~ment time 
F •1 el lllll s s fl~.,.., 

fl.S.F" .C. 
Thermiil efficienc7 
Fuel temperature 

N 
NM 

1'\F'M 
KW 

df.'•] (" 
mEcilr· 

Nl'1 
KW 

9ms 
~•c~nds 

9111,/sec 
gms/KW/hr 

;~ 

P•11np del ivery/strot• 
cte9 C 

111 .. •3 
lllCJlllS 

Start of injection deq. raa• 
min 

mean 
Start of combustion de9. ma• 

111 i r1 
mear1 

Iqrntion deliir deq ma• 
mi r1 
m~an 

Iqr.;t:ior. d~lat m! ma1 
111 i r1 

"'•an 

Na•. c7l1nder pressure bar 
Hai. pr•,~ur• rise bar/de9 

bar/ms 

0 l l ! t-mr· er at u r '' 
W 3 t~r IN temperature 
i..•~~•· 0•.11 T .. 11\r·.-rilturt· 

' ~ :a . ·, ~ " ._o.. .nt· •·. a t •J ,. •·· 

etc-'.] ( 

d··~ c 
d•·l c 
1~ •) c 

~000 

ENG [NE: TES1 l";;ESIJI_ TS 

FLIEI. 
EMUl5IC•N 
DENSITY K•J/ l 
(AL VALUE 1'1J /K•J 

1700 

E20/.4ION 
0.84!5 

38.B:-c 

1400 

100 ~LOAD <No~ina\l 20 t.11!-q erc:n: 

17.';;0 .t8.U .t .'3. '50 
l""'- .. _ ... , . ' .t45.0 148.1 

::01s J.7.14 J.438 
2·::1.1 z.::.o 2:.7:. ;: 

~~,~. 0 30.0 30.0 
J.OZ1.'5 .lOZl.. S .l021.. ~ 

(). '"l>.6 0. 9~•.t o.~91 

.l35 •. ':\ 14:3. 7 J.46 •. ':\ 
28.7 ~:5.S z:-:.1 

70:•. 5 -'34.0 ,,., • 6 

~:0.1.'"0 :::s.~:<:oo 42.1':10 
2.t:.3 2.3i" ~.1·,? 

:-130. e. ;:·:=:..t. ~·~ ::'\~;. -;1 
zs.o 2s.o is . . 13 
:<LO ::::~. 0 34.0 
6:3. l SS.13 i" .1. 4 
SZ.3 55.4 59.1 

20. 3 :Zi"?. 0 22.7 
20.0 2J..B 22.6 
20 • .t :ZJ..9 2Z.7 
e. :-c 1.0.8 .11.'!f 
s.::. 10.0 .Ll.8 
S.2 10.2 1.1.9 

1::.. l 11.9 .LO. "J 
1.1.b J.1.0 l.O • e. 
11.·:i 11.i .L0.8 
l.001 J.. 158 J..261 
o. 96::. 1.. 07Z. 1.248 
0.982 1.135 J..254 

"31. ·:. ·.:>S.9 '36.'3 
LS.:~ .16.7 17.4 

220.S 17.t.·? 150.:3 

.~.2 .o E\8.0 H7.0 
4 .. 'l.0 6~? .. 0 ss.o 
c-".o -"·I .• 0 l?-1. • 0 

··t'~ ~ n ::;·11 .o .,,;-.,. n 

'\ 

PAGE. :::1 

DATE ZZ/"3/·'3'5 
TEST IC:• llNIC1(1 \:'.. 

DVNO TORQUE FACTCIF< · "?.'5. t:l 

J.100 .~.on 

1.S. 61. l-'~. i:.2 
149.0 14':t. l 

1.1.:~~ :1.:::.:: 
17.7 D • .l 

30.0 ;::;, . 0 
102.L.5 10~"':1.~ 

0.991 0.990 
147.6 J.4:'. '5 

J.7. (: 12 .~· ...., 
'30.:3 87 •. '3 0 c-
s::~. 190 ;·2. u~o 

.l.70 1. ~~::. 
31ie .• o ::::::'!f." 

2S.S 2i'. :) 
34.0 ~:';I. 0 
7'"> . ., ?O. 3 &"'" s • e '58. :· 

,2.S 1.g.1 
22..7 .L7.5 
22.a u.o 
1:~.s 1.L.O 
1:3.S 10.') 
1:-c.~ ll.O 
9.2 7.2 
9 .J. 6. :5 
9.1 7.0 
1.~48 l.4213 
.L. :33•3 1.297 
1.342 1.8'.)0 

97.'3 ').l. :) 
J.6.6 l:::. e. 

11:3, 2 64.4 

87.0 /!.7 .o 
66.0 ~.1.0 

79.0 i":, .. () 
~4·.=..o ': I '.:. o 



'\ 

ENGf.NF n:s r l~E'.":::UL TS I 'AIJF. ., ' 

ENIHNE rUEl. [1ATE · 2'!./;:/.,".'> 

11AKf. FOBt• EMULSION E~!O/. lllCtN H:.ST I.D UNI[1I) fc, 

t10l'EL ::ooo DENSITY Ki/1 O.S4S 
No C:VL :.: CAL. VALLIE l'IJ /K'] :<8. B3 

CAPACITY ·:·: ~e.t>O 
CIYNO TCIRCIUE FACTOR 3'). t•l 

f.NGINE SF'£ED ! N0111Nlll.. > ~0()0 1700 1400 1100 e.oo 

~i" ;~ LOACI I l'k•m i n.1 l) 20 dll'i 9T[•C 

Ob,•rv•d 101d N .11.J.:< .1.1 • 43 .l .1. 27 lJ.. .li' 11 .. :i:;: 

Ob,•rv•d torqu~ Nt1 89.1 '31.5 '30.2 89." ')0. 7 

Clb,•rv•d 5pe•d l'ff'M ~042 .17 :<.1 .14 4:< 1140 e.;:·~: 

Ob,•rv•d power KW 1'3 .1 16.S J.:3. t; 10.7 7 .. ~ 

Air t••p•r1t11r• d•g c 28.0 28.0 Z.7.0 28.0 ::.7.0 

8.1r~•etric pr•,,11re mll1r 1021.'5 1021.~ .1.021. '5 10"21.~ 10.::1.5 

Corr•ction flctor 0.9e.B 0.!:'188 0. 9e.t:: 0.988 O.!:'fP..t;: 

Correct•d tor~u~ Nt1 s.,.o •;I(). 4 89.0 M.3 ·''). 'S 

Corr•ct•d p<'w•r· l<.W 1e .• s lS.4 l::C.5 10.~ i'. 7 

F11e l ce>n,11•ed i•" '50.2 4'3.0 4.g.2 4'.). '3 '5'.5.1 

t1•1,11r•••nt tl•li' ,.cc-rid• 29.800 ::c~.000 41.990 52.990 73.:.e.o 
F11•l •1"'' fle>111 <J•'''"'i: .1..t::., .1. 110 1 • .l. '5 o.·.:14 0.7'5 

9.S.F.C. 9m,/KW/hr· :<22. ~ 307 .t• ::.01.~ :n1.4 3'50.4 

Th•r•1l •ff ici•ni:~ ;4~ :!8.S 30.1 :30. ·z 28.8 .?~. '5 

F11•l t•-r•r1t11r• deg C 38.0 :<e.o :<7 .o :<e.o :<i'. 0 N 

Pump dellv•rr/,tro•• -•3 40.0 39.2 38.I> 40.1 44.Z 
0 
V1 

mg•' 33.0 32.:< 31.8 :<3.0 ~fol> • !5 

St•rt of injection deq. "'II 1S. 2 17.4 18.2 20.0 .1,.g,4 

min l.4. s 16.7 1.7.3 1~.1 18.1 

111e1n 1'5.4 17.0 17.S 19.-4 l·'.;.? 

Start o~ co•b11,tion d•9· •11 4.7 7.4 8 .:< .u.o 11.8 

111in :~. 7 S.3 8.2 10.9 l .. L.O 

m•1n 4.0 s .t> 8.3 J.0.9 11.2 

X9riition d•Hr d•'J llllll 12.0 10.9 9. ,CJ 9,0 7,:) 

mi" l.0.7 10.0 ~.1 8.2 i;;,3 

111v•n u.. '5 10.4 '). !5 e., 7.0 

Ignition delly ., 111•x 0.97~ 1.054 J..13S J..312 L.47E; 

•in O.S?S 0.964 1.0413 1.20:3 1.274 ... ,, 0.93'5 1.00'5 1..101 l..24S 1.421 

"11. cylinder pre,s11re b1r 74.'5 7t>.S 78.7 Sl.l ,f!.O • ') 

M11. pr•''11r• ri'• b•r/d•~ 1.1.0 U.3 12.1 13.6 10.l 

b1r/•' 134.4 117.0 10'5. 0 '32.7 4•3,•3 

Ci l te•t•r1t11r• deg C: 91..0 9.L.O 8'7.0 88.0 A2,0 

W1t"1'r YN tvlllf'vr•t•Jr• d•i (" '53. 0 47.0 47.0 '5J. 0 ~'5.0 

W1t•r OUT te•per~tur• deg C. 78.0 79.0 79.0 79.0 P.0 2. 0 

E•h••J't t•mp.ior•t•Jrti' d•q i: <?69. 0 ~"!4f?. 0 2:?7.0 20·:1.o 20"•.0 



ENl3INF. 
1'1AKE 
l'IOOEL 
No CYL. 
CAPACITY cc 

FOr-:D 
'J.000 
::~ 

.'.'~t>O 

ENGINE SPEED < NOtUNAL > 

(lh-.€-rved lc•o\d 
Ob \erv"d t .. ">r•l•Je 
Obsforvtod \peed 
Ob\erv,.d powotr 

Air temper•ture 
Barvmetric prot\surl!' 
Correction ~•ctor 
Corr1tct,.d tor1u1t 
Corrected pow•r 

N 
MM 

r.:r-·M 
>:w 

d •'CJ ( 
1110•r 

NH 
KW 

F•Je l ceon\•Jm,.d 
Mt-isurem•rit t i1ne 
Fu;:l •<1,s r1 .. -.w 
El.S.F" .C.. 

qm~ 

"••:·:•r1d ~ 
9111\/S~~ 

9111s/KW/hr 
Thermal efficienc7 
Fuel te•rerature 
Pump deliv,.r1/stro•e 

;·~ 

<h·9 f 
mm+ 3 
111".!lllS 

Start oF inje,..:tion de'). 11111 
111 in 

.n1tan 
Start of combu\tlon d•9· ma1 

min 

l'Jnltion dela:r 

Igni t ic·r• Jel a) 

de'J 

ms 

m•an 
Ill• I 

mir. 
m~•n 

ma 1 

"'i r1 
m••r• 

H11. c1lind,.r pre\\ure bar 
-~••- pr~\\ure rise bar/dP9 

01 l t•mrer<1ture 
Wat~r IN t•mper•tur~ 
War'"' OIJT 1 "°mF·•r at •Jr P 

~- 1 h l •:lo• f •"'(!t.j• <f:-1" • T' IJf •!-

bar/ms 

di-CJ I 

o:l\•'J c 
d•"J r 
·1·· •J • 

2000 

ENGINE TEST RC.SULT::. 

FLIF.L 
EMULSION 
CE:NSITY K9/l 
CAL. VALUE 11.J /l'\9 

1700 

[ 20/. 4LON 
0. ·'34'S 

~:8.83 

1400 

31 % LOAD <Nomina\l lO dolo•J 9TDC 

4.:':5 4.3S 4. :•; 
'34 .o :)'5. 0 3~.o 

::042 l ;·411 J.4:•s 
7.) t>. 4 'S. :3 

28.0 ~$.() :~8.o 
1021. 'j l.O..? .l. '5 1021.:s 

0.9S8 O.c;tl\8 0.9S8 
33.B '34.tio 34 .s ... ~. 

' ·~ l:... :• ~.:: 

:'J,0.2 ;.?.'3.. 4 27.~ 

:~9. 7"40 :.::4.790 42.l.~•0 

l.01 o .. ~t~ o.s~ 

50B.1 llt.4 .P,. 4'53.0 
18.o? 1':'1. ·;. ZO.'S 
37.0 37.0 38.0 
24.1 4?2.i' 22.1 
19.9 18.;· J.8.2 

13.:: L2. I) 12.1 
13.1 11.9 J.J..8 
1:). 2 12.1 .L2.0 
l.4 :: • 9 :1.0 
.1..0 i.o 2 •. g 
1.1 .. ') ...... 2.9 

.12.2 10.'5 9.2 
J.1..8 9.0 8.9 
12.0 9.9 '3.0 
o.~:·2 1.008 1.0?3 
o.·;-it:;4 0.8~~ 1.0:32 
0.9e.2 0 .94:1 J.. 0'50 

60.5 BO.? 59 •. \. 
;·. 'S .,. .8 '?. 8 

9•?. t 8<?. l t3S. ':) 

se.o $7.0 88.0 
4?.0 51.0 '53.0 
~:'';1. 0 ·,·.•>,. 0 i"'? .o 

11?:·.o .Lt'.';. 0 1'1.C\. 0 

'\ 

PAl3f:' Z3 

DATE 22/3/S'S 
TEST IO UNll)C1 t> 

OVNO T•)RG!IJE FACTOR 3~.SJ. 

J.lOO 000 

4.5~ 4.t>Z 
:3s.; 37.0 

11::':2 P..'.:~4 

4 •. ) :3.2 

27.0 27.0 
1n1.~ 10;.'?1.5 

0. 91?.t> 0.9Blii 
:3$.2 3S. 'S 

4 .::: 3.:? 
"' 0 

2tL9 ?.O.O 0-

53.780 72. :<80 
o.~o 0.4J. 

422.~ 4~;P. .. ;;· 
2.L. '3 .l') .. ~ 
:1'i" .o 37.0 
;.?J..S ;?4.J. 
17.8 J.9.9 

17. '5 1°9.1 
J.7.2 li'.3 
17.:) 17 ,7 
9.Z .L0.9 
9 •. l 10.1 
9.1 J.0.3 
S.3 7,'3 
8.1 ?.2 
.g. 2 7.4 
1.23'5 .L.58'!5 
.L. 204 1.4:)€ 
l.. 21'5 .L. 479 

S4.'3 t::'S.'!5 
9.2 l0.1 

SJ.. ,g 'SO, 4 

i::3,0 n:::.o 
'52. 0 '5.3.0 
7B.O c.:.5.0 

1 ?.?..O 1:::·:· ,l' 



El'IGINE 
P1AKE f'ORD 
MODEL 3000 
N(• O:YL 

=· (APAC.ITY ·:•: 2~t\O 

- ENGINE S!"EED < N(•MINAL l 

Ob'loerv•d load 
Obs•rv.td tor1u.t 
Obs•rv•d sr••d 
Obs.trv.t~ pow~r 

Air t•mp•r•Tur·• 
Bar~111.ttr1c pr,.ssure 
Corr•ction factor 
Corr.tct•d tor~ue 
Corr•ct•d rc-w•r 

F•J.t l •:onsu111ed 
..,.as•Jr•n•P.nt ti•• 
Fu,.l •ass flow 

-B.-S.-f' .C. 

IClt..E CONO!TI•)N 

N 
Nl"'I 

l'CPl"'I 
KW 

dt-9 c 
mEtar 

Nl'1 
1-".W 

i"'' 'lo•c c·nd'lo 
')•'lo/S.tC 

gm'lo/KW/t.r 
% 

d•g c 
llllllt3 

111q1111 

Th,.r111al ,.ffic1,.hCT 
••al t•lllf'•r1t11r• 
Pump d•liv•rr/stro•• 

-Stilrt of injection deq. 111u 
min 

111eari 
Start of combustion deg. ma1 

111in 
m•an 

Ignitiol'I d.tlaf dot'] Illa I 

•i l'I 
111.tari 

Ignit1c·•• d•lar ms max 
min 

111•ar. 

Mia. c1l1nder pr,.'lo'loUre bar 
Max. pr•~s11r• ris• bar/d•9 

bar/1111 

01 ! t••nr·•r atur • 
l.JJt·_,,. IN '"'"'f""''. Jtu1·.t 
t~at•r OIJ'!' T•lllf•t•1·.ttur• 
~-.~1 .. 11\t r.a-mF-~1·1t•1r·~ 

dtog ( 
d'"'J c. 
d~q c 
1·:•'J ·~ 

ENGINE TESl RESULfS 

FUEL 
EMLILSION 
CIENSITY K9/l : 
CAL VALLll: 11J /Kg 

P.00 

0.31 
,:: • 45 

.~~:-c .., ... 
2t: .• O 

1021. '5 
o.~s:s 

2. '5 
-, 

• 4 

1'5.t\ 
;··:"$.380 
0.21 

:•579. l 
2.6 

:::7 .o 
12.:5 
10.3 

lS.5 
J.:5 .1 
1'5.S 
~.1 
., .? 
S.5 
?.'5 
?.1 
7.3 
1.51ti: 
1.447 
l.478 

'5'5. 2 
t.~.9 

~·~.8 

?e..o 
'5';,:1 .o 
7C.O 
·:.2.0 

20 d.ti IHOC 

LW/. 4ll)N 
o .. ,4'5 

::-s.s::~ 

PAGE 24 

C1ATE : 22/:3/8~ 
TEST ID : UNIDO 6 

DVMO TORQl.IE FACTOR :3'5 .1>1 

N 
0 

""' 

. I 



ENIHNE 
MA!'.f 
MOOf.L 
Ne• ( YL 
CAPAC ITV .: ·: 

f'ORD 
3000 
~: 

."::8t:~O 

ENG::: NE Sf-"E£ [I ! N• •11 I NAL > 

Obs•:v•d lolld 
Obs•rv•d t~r1Ud 
Obs•rv•d s,••d 
Obs~rv•d pow•r 

n1r t••l'•rllt•Jr" 
=D•r~m•tric pr•si~r• 
Corr•ction r1ctor 
Correct•d tor~Y• 
Corrected F·01o1er 

F•Je l C•'n5•Jmed 
H•1syr•m~nr ri,.• 
F•H~ I ,., ss fl •:•111 
El. $.f'. (. 

N 
Nl"I 

r..:r--11 
KW 

dt"J (: 
mBir 

Nl'1 
1-;w 

im' 
s•c~nds 

1~s/sec 
9m,/KW/hr 

-Therm1l err1cienc1 
Fu•! t•mp•~lture 

Pump d•liver7/stroke 

:·~ 
deg C 

mm+:) 
mg111s 

St•rt of injection d•9· ••• 
min 

meiin 
St~rt or co•bustion deg. mii1 

min 

Iqn1'1N• d•l•Y d•i 

Igr11 t l<·ri dt·l lly 1115 

m•1r1 
fn~I 

mi r1 
n11." • r1 

tnl I 

mi r1 
m•1r1 

11•1. c7lind•r pressure b1r 
H1•. pr•ssYr• r'~• ~llr/d•g 

b•r/ms 

01 \ t•n•r·•riitur• 
WJr.,c !rl r•mper1t•1r• 
W1r (M.11 t•cnp~r1t•Jr • 
~~ t ,_ i lo ; ~ ? ~ ~J:· ~I .j T 1.1 f \?-

de9 C 
d~q c 
d~9 r 
~.q c 

~·ooo 

ENGINE TEST RESULTS 

FLIEL 
n1::.r11_uHE : 
OEN5ITY :·:'3/l : 
CAL VAl.UE MJ/1<;9 

J.i"OO 

DIST 100 
0.84':1 

42.i"~ 

1400 

lOC' ~·: LOAD < N~·m in ii l l 20 d••J BTCIC 

1e .. 0·=1 J.9.13 l~.:::4 

144 .. ~ 1!5:3.2 .l!54. 1 
~0'54 1750 111~:2 

')l. • -~ ,2.9 •. l ;?:3.1 

~~1.0 3.1..0 ~:o.o 

J02').2 .l023. ·~ 1021.2 
o.~92 0.992 0.990 

l.4~.7 15.t.·:t 1!'52.!'S 
~<O.~ 27.8 24:.9 

,g·3. '3 8'5. ·:· .9-;.. 7 
:··~. ')~0 ';:4. 590 42.1'::10 
~-g~ 2 ,413 Z.13 

:-<28. s :<2l. .1 334.S 
2'5. ~ 2s.2 2!'5.Z 
30.0 :-ci.o :<:-~ .o 
t>•s. .g !>" .1 71.2 
ss.o !'56.8 !'59.4 

Zl.l 21.9 22.s 
20.~: 21.8 n.7 
~0.3 21. '3 22.7 
10.0 11.0 .1.2.8 

'3 .1 10. ') l.2. 7 
::o.s 10.9 12.8 

12.0 11.0 10.0 
10.9 10.9 9.9 
ll.. 4 10.'3 10.0 
0.975 1.04t' J..170 
0. i? .. 9;;:: 1.03:3 1. 1!'51 
0.'!124 l .040 1 •. 1!'59 

9!'5.4 99.0 9'3.5 
.1.S.S .1.S. :i J.5.7 

1'31.S 171..l l.34 .!'5 

B€:.O ~·2.0 9:;:.o 
S3.0 67.0 s·.:i. o 
l>.5.0 B"5.0 H4.0 

1."n. o 1115 .o 41)'). 0 

l"AIJE 2'5 

DAT£ 10/~/S~ 
TE~T IO lJNIDllO 

DVNO TC1RQLIE FACTOR 3~ ,Sl 

J.100 P.-00 

1~.47 19.48 
155,'i:l t .,!'S • '3 

U.4~ e.44 
18.S 1.3,.9 

30.0 29.0 
.L02:3 • .L 102~J.l 

0.9'::•0 0.9B9 
154. 4 1'54. ·z 

.18.S 13.t:: 

91.3 ·:.0.1 
~2.'!590 i'l. SBO 
1.74 1. 2~ 

336.5 :::.c2. ~ 
2!5.0 2'5 .:3 
3.1..0 ::1. t> 
72.4 7.l.!'5 
60. 4 59.t:; 

23.S 1.'3.9 
23.5 19.3 
23.!'S .l'3 .s 
l.4.6 .L.i: • B 
1:3,s 12.7 
J.4. 4 J.2.7 

'3. s 7.2 
e.~ t>. t;; 
·.:i.z 7.l. 
1.4.l9 1.431 
.l. 2')7 1.. ;.":"1'5 
J..329 .1. .::-197 

.lOl .O 95.7 
14.E: .\2. J. 
~01.0 t=.1..1 

9Z.O 90.0 
e.g. o ('I .0 
e.4.o ·'"4 .o 

'31:)€:. () :=:::1.0 

'\ 

N 
0 
o:> 



EN13IMF. 
l"IAAf' 
MO:•CIEL 

~·or.:r1 

:.ooo 
~l~· ( YL 
CAPACITY ·: ·: ::.~.c.o 

ENGINE '?-»EEO < N•"•MlNAl. l 

Ob•~•v•d •~~d 
Obst-rvfo1 tor~~· 
Ob'l••vfod 'lr•~1 

Ob'l•rv•d pow•r 

Alr t• .. F·er-1t1.1r• 
-&.irc>111• tr' c pr I!'"' •U' I!' 
C:orrec t lOr\ f & ct c·r 

-Corl'-•C-t • d t c·r ·l•J I!' 
_co~r•cted pow•r 

N 
Nt1 

r.:Pl"I 
KW 

d~9 c 
mEt;ar 

Nt1 
i-;w 

-F1.11!-l •:<:>ro,l.ICllt-d 
t1t- I S •Jr ,. :11t- rot t l ••• 
F1.1 .. 1 •&"' J low 
E\.S.F" .C. 

9111'i 
'I •C <•nd• 
•)Cll'''"'.: 

9m,/IO:W/hr 
:~ Therai&I •ff1c1•nc1 

F11•l t•onp•r 1t1.1rfo 
P•Jmp dl!'livt-rt/•tr•Hot 

d•CJ c 
NU] 

1119111• 

St1rt of ir.ject1N'> d•-i· ••• 
min 

111e&n 
St1rt of cc-111bu•tion deg. Ill& I 

•i I\ 
m•111 

_I9nl_tion dotl&1 d•i m&I 
min 

me& r1 
I9r1itioro d11- I &1 "" 11111 

min ,. .. ,. 
N&1. c7l1nd•r pr•••1.1r• b&r 
t1&1. pr•••ur• ri'• ~&r/d•' 

b&r/m• 

Oil tel\r·er&tur• 
Water IN t•mp•r1t~r• 
Wiit•r OUT t•on1'+1· 1t1.1r·e 
F.1 to~·•" t t11-111r·•r J t ·11· ,, 

d•g c: 
d•q r 
de9 C 
d•'j i:' 

:~ooo 

H~G l'NE n:-:. l 1:..:E. ':0UL r~; 

FUEL 
DISlILLATE 
DENSITY K~/1 
tnL VALUE MJ/K~ 

li'OO 

DIST l.00 
0 •. 94•;. 

4~.75 

l400 

~7 ~LOAD INomi~&l) 20 dt-q BTDC 
11 

1. l.::~ lJ..10 l .t. l.:i 
g•3,.9 M.9 8'3.1 

20~0 1747 1447 
1'3 •. 3 16.3 13. 5 

:•O.O 29.0 ::9.0 
1022.1 1022.2 1022.2 

0.9"41 0.999 0.9S9 
,9•3.0 87. ') P.Jj •. l 
19.1 J.t). 1 l.3.4 

4'5. ,g 44, I) 4:3.~ 

~~·.'.390 ~:,, .790 41.790 
l. '5'5 1.2-9 1.04 

2'!11.i ;'!.43~.9 :'::80.5 
2.9 •. ,. ;,?·;!. 4 30.0 
:•2 .o :::2.0 :::3.0 
3t). z ~-2 34.5 
:•o.~ 2~.4 ::s.a 

l.:S. 8 lS.:S .18 .1 
15.t) 16.4 17.3 
1'5. 7 lS.4 .17. '5 
5.5 7.4 9 .J. 
4.S s. :s a.i 
4.9 S.9 8.€ 

11.:.? 9. '3 '3,2 
l.0. l. 9.0 8.3 
L0 •. 9 9,S 8.9 
0.908 0.949 .l. O:S4 
o •. 91s 0.854 0."358 
0. l'.8.1 0.914 .l. 02:S 

73.4 7S,0 ?8.0 
10.1 10.4 l.0.7 

l.~4 •. 9 108.9 '3:.?.9 

.<;?.9.0 83.0 e.~.o 

'51. 0 44.0 4:3.0 
80.0 78.0 79.0 

.~7":i. 0 24'4? .o 22'5. 0 

'\ 

r:.11111, ;::t. 

DATE 10/'S/8!'5 
lESr rn LINIDOlO 

DVNO TC1RQIJE FACTt)R )!5. tH 

J.J.00 1~00 

J.J..27 11..1.9 
'30.;,? .9·.:i.s 

1.l3E: B:•:C 
10.7 i' •. Cj 

30.0 28.0 
1022.2 1o·i·z.2 

().991 D.987 
89.4 .'?.!3. 4 
.10.G 7'. 7 

4S.S 4·;1.1 
53.1.90 7::. '.~P..O 

0.88 o.~., 

:'::96.6 ~:u::. '5 
2.9. 4 .~I) .s 
33.0 :-i:c.o N 

0 
37.0 $·3.1 -D 

30.9 :-c2 • .; 

20.0 l.8. l. 
l.9.2 17.3 
19.7 l.'1'.7 
l.1.8 J.1.0 
J.1. 0 10.9 
1.1. :s l.l. .o 
8.9 7.Z 
7 .:s t}. 4 
8.2 IS. 7 
.l..30~ .1..431 
1.0'.99 J..0::83 
J_. 20.1 1.344 

63.:S 7•3.8 
12.1 c;t .1 
8S,9 4~j .s 

8?.0 85.0 
42.G 44 .o 
P,.0,0 79.0 

:.?.U. () 200.0 



ENGINE 
11AKE 
t1.)('IEL 
No CYL 
CN>l'CITY ·>: 

F:.)P[• 
3000 
:• 
.:s~o 

ENGINE ~.Pf.EC' I NOMINAL> 

0b,.•rvt-d lo•d 
•)bs•rv•d tor·~•J.:: 
Obs.;rvt-d Sl'••d 
Obs.i-rv•d pow•r 

Air temper·;lturt· 
0~rometric pr~•,qre 

Cc.rrection f&Ct(•r 
- Cc-rr•c t•d tor~•Je 

Cc0r:-ecH•d tower 

F•J€> I 0:0:-r1s•J111•d 
""'•:a ... ··~ .... "!.., .. :r t 1111\"' 

F •J • l 11\I s s r l C'"' 
Et.S.F' .C. 
Th•r••l eff1c1enc• 

_ Fu•l t••P•riltur• 

N 
NM 

1<r·11 
KW 

d<·9 c 
m0Ar 

Nt1 
~:w 

•)tf'\ 

~~·=···r• ~ s 
qms/\•~ 

9m~~~W/hr 

Pumr d.i-liv•r1/str0•• 
<1•"9 c 

nun+:3 
mgms 

St•rt of inJ•Ct1on d•q. ma• 
1111n 

111•1n 

St•rt of combustion de9. m&~ 
min 

111•1r1 
Iqr>iti,,n d•l•1 d•'3 tllil. 

m1n 
m~•r• 

I9r11ti<•n d•l11 ms n1a 1 
Ill i,.. 

"'•ll'o 

H•1. c1lind•r pr•ss~r• b•r 
11••· pressure ri!• b•r/deg 

b•r/ms 

01 l tt:1npe1· • tur • 
W•t~r IN r\.:.mr~·· •r,.ar·.:
l.l;atE-• (•IJl t•inf·•r o\f•1r.,; 
F: t t, ~ •J .. ~ .. .;.. fftF• re- t• 1 t 1J ,. \,:. 

Cl•CJ I 

d ... '3 ·
d<• ') c 
d->•l ,-

:.:ooo 

f.NGINE TEST r~[SULl'S 

Fllf.L 
CtI!"TILLATE 
CtENSITY Ki/ 1 . 
Ci\:.. W'\1 .. 1.IE l1°l/K~ 

lf"OO 

rrrsr loo 
0.84'!1 

'1~.;-·~ 

l.400 

:<J :-; l.CIAD : N•'m 1 r1 a l l 20 dOi DTOC 

4. :~s 4 .lt:: 4.4t:: 
34 .s )3. :) :35.7 

::':044 17:.<2 J.43t,; 
7.5 t::.O ~.II 

2~.o ~s.o 28.0 
10l4'? .2 l. , . .,. ., 

_. ....... &.. 1022.2 
0.9Bi' 0.9.97 0.98i' 

34 .4 32 .·~ :'3'3. 3 
;·. 4 t: . . 0 '5. 3 

27.7 .:;') .. ~ 2~.:5 

:::~. 7<;11} :;o'1.~t';f0 412.l.90 
o.·;.3 o. 7 ;: a.so 

4S4.S 114::. F.: 410.3 
18. '5 .t·:i.o 20.'3 
:;:;? .o ;-i:;:.O 33.0 
21 •. 9 20.4 20.2 
lS.2 17.0 l.S. 8 

13.:: J.:Z. 9 14.8 
l.l.. <. 12.2 14.€: 
12.4 12.S 14.7 
2.0 3.0 :5. 7 
1. .l :z. l '3. 5 
1.4 2.t:. 5. t) 

l.l .'~ l0.8 9.2 
l.0.0 9.3 8.9 
11.0 10.0 9.0 

0.%9 1.024 1.os2 
0.8.l.8 o.·;..oo J. • 0:3:Z 

O.S9S 0.98E; l.049 

S0.1 s·:i. 4 s:3.2 
€; .l 6.9 S.3 

74. ') 7.L. 7 71.'3 

e8.o e.\; .• O SE;. 0 
;:·:..o 42.0 'S'l • 0 
;.07 .. (i ;·;· . () i'8.V 

i.c1r·. n 11::'5. u 1'5.l. 0 

f•AGC Z:? 

DATE J.0/5/13'5 
TEST IC• UNIIX•J.0 

CtYNO TORQU~ Fl"ICTOR : :3~, ti.I. 

J.100 ·'WO 

4. i:;1 4. '3.1!. 
3t::.·J :::i:..i:. 

1U7 843 
4.4 3 . .:: 

28.0 ~8.0 
102<?.:.? 1022.4? 

0.987 0.987 
:zcS.4 3S.:: 

4 .:: .. ~.z N -2.g,3 .::·Ef.1 0 

'S ::: • 5St0 71.. '580 
0.5::: (). 4.L 

442.1 45/!.. {J 

1'3,0 VJ.4 
:::3.0 ::.z. 0 
22.~ ZLl 
l8.7 lSt.:' 

J.8. 'Z .L7 .:.? 
17 .:~ 1S.4 
J.7. ::s J.t). 7 
10.0 J.O.O 
9.1 .10.0 
9.3 10.0 
.9.3 ..... 

I•"-

8.2 t: .• :. 
,y.. 2 t:~. 7 

l .• 230 L.4:::1 
l.,207 l.Z'B 
1.214 L. '.;:31 

s.g. 'Z t•b, 4 
10.l '!°4.4 
s.9.3 47.4 

l?.4. D ,c;.::.o 
'53,0 ':)7,0 
e.z. o ;·~ .o 

14.::. 0 .1 .. ..: .• o 



[N•HME 

l"IA~:E 

M(•(•EL 
N,·, ( 'rl 

(~PA(ITV ·>: 

~- ·)f.:to 
~<(\00 
"{ 

~.~t,>.0 

ENG!Nf ·;;F·[~(1 (!'l11MIN•'\Ll 

O~s~rv~j l~ild 

•)b~~rv~d t·:·r·l 1l~ 

0bs••~eJ ~r~ed 
0b~,-:·v~d r~we1· 

Air t~m~•ratur• 

8ilrometri~ pre'is~re 

C~rr•ct1on ~actor 

C(•1'r~·=t~d t01'~~~ 

Corr•ct•d row•r 

Tr•l.F. CON[l!TJ•"•N 

N 
NH 

l'\f•M 
KW 

de•1 ( 
mElu 

Nl'1 
~;w 

qm'i F•Jel ·=~'l'l'i 11med 
~••sur•m•nt tim~ 

F•Je l miss 'low 
[).$.F,(. 

~~co~ds 

9ms/se~ 

~ms/KW/~r 

% Thermill efi1cienc1 
Fu•l t£"'"F·y1· iltur• 
P•Jmf· deliver1/'itro1e 

deq C 
mmt3 
m1Jn1s 

Start or 1r.JeCtion dei. max 
min 

mean 
Start oi combustion d•9· ma1 

min 
m•1n 

Iqr1itiN• delilT dl?'q mill 
ftll l'I 

motill'I 
l9r.ittc•n d•la1 1115 m;11 

"'i ,, 
m•ilr1 

Mai. c1lind~r pressur~ bar 
Mil•. prt"ssur• r1~e bilr/de~ 

bar/ms 

01 l tot1nptor1tur-t-
Wat•r IN temper•t~rl?' 

W11t-•r- OUT tt-1np•r 1tu1··to 
E 1t>1•1'it t.:-mf·""r ilt»r'"" 

deq C 
d.:-.:i c 
d<·') ( 
'1.;.•J ( 

t.i'<l.J I NF. 1 I.'.·:. T kt St 11.. T ·:. 

FLIEL 
DISTILLATE 
OEN·;rrv K •]/ l 
U\L VALUf.. l1J/K9 

MO 

(). :<8 
:::.0 

a1·.:o 
.::c 

:~s.o 

1022.2 
0.987 
3.0 
.) 

ZO deq i;tTC•: 

14.'5 
;':c. se.o 
O.:?.O 

~~78S. 2 
3.0 

:<2.0 
.11. '.5 
9.6 

li.2 
14.~ 
11> • .L 

G ~. -·' 7.'.5 
e. .6 
!~.J. 

7.0 
7.4 
.L ·"·47 
1.421 
t.510 

:::s.~ 
7.7 

37.S 

S.1.. 0 
S7.0 
t~S.O 

9;· .o 

(1.IST JOO 
o .. ~4·;i 

42 .. 7~ 

F·AGE. 28 

CIATE J.0/'5/8"!'1 
TEST !D : UNTOO.IO 

DYNt:1 roRC!UC FACTOR .;l'j • l>J. 

"\ 

N -

. I 



E::l'-•HNE 
~;.:\Kl 

MOCIEI. 
N~· C YL 
(APACITY •:•: 

FORD 
:3000 
:~ 

28~0 

ENGINE Sf'EE[l ! NOMINAL> 

Ot-\t-r ~,.d l·:o•d 

Ob s•rved t o:•r ·~•J e 
Ob'>t-r v,.d '>Pc.>•d 

Obs~rv.a-d "'""'"" 

Air t•mp•r •tor• 
0•r0metr~c pressur.i
Correct ion ~•ctor 
Corr••: t•d t'•r<t•J~ 
-("o-rr .. c r• cl f• C•l'••r 

F~el ~~~s~m~d 

H••surem•nt t1m• 
Fuet m•ss flQlll 
0.$.F.r. 
Th•rm•l efr1c1enc7 
Fu•I remp•r•ture 

N 
Nt1 

F<F'l'I 
KW 

c!•g ( 
11\E<ar 

NH 
t;w 

9ms 
S-ttC•:•r1ciS 

"]:11S/S•".: 

9111s/Ki.l/~.r 
Y. 

d•<J c 
11Ullt3 

ft1CJmS 
Pump deliver7/strole 

St•rt ~f in,•ction d~9. m•• 
min 
m~•n 

St•rt of combustion de9. m•• 
min 

l'lr• 1 t l•'n de l •t 

!9n1tic.n d"l•1 

d-ai~ 

ms 

m••n 
ma• 
m1n 
m~•n 

111a • 

ml r1 

m~ir1 

- Mai. c7l1nder pre~sur• bAr 
H•1. rr•~~ur• ris• ~~r/deg 

b•r/ms 

01 l t••F· .. r •ture 
\.Ii~,, IN t•mP"°' aitl.!r.: 

-W<t~t-r Ql_IT temp•r·•t•ir,. 
~ 1 !'", 1 l; ~ t' ..... mf· ,-..,. Ct T' •J.r ...._ .. 

d.:') ( 

d"'-1 c 
<.l~·CJ ( 
1 ...... ~ t 

;:ooo 

C-:NGl .. TESr RE'.;.1.11. IS 

Fl.IEL 
[IISTIU.ATE: : 
DENSITY K9/l : 
CAL VALLIE HJ /KCJ 

1700 

DIST JOO 
o. ,94·:. 

42.7~ 

1400 

100 ;.; LOAD ( lll<:>m i ria 1 ) .::1:; de~ 0TDC 

lt;.30 17.77 17.75 
130. '5 11\2. ') 142.1 

2'.0SC 1744 1435 
<:-~. 0 2s.o :21.4 

::<O.O :n.o 30.0 
lOZ~.z 1022.2 lv22.2 

0.991 0.':192 0.991 
12·:i. :~ 141.2 140.3 
21·.s 25.l' 21.2' 

.!.0.4 .'3S. l 89.2 
2':1.'590 :;:4 • i'':•O 4;:: .190 

., ..,.., 
'- • I ""' 

2.4i"' 2.11 
~:S'=. S :::4'5. s 359.8 
23.9 24.4 23.4 
32.V :<~ .D 33.0 
S3.~ $.~ • .1 70.8 

53.0 St:;.S 58.~ 

25.S 27 .!-; 28.1 
25.5 Z?.2 27.3 
zs.s 27. :3 :27.7 

12.7 14.5 15.4 
ll.. ·::. .n.s .15. :) 

.1.2.S !.3.8 15.4 
13.7 13.S 12.7 
12.8 l "'' ., .1.2.0 ... , 
1:3.1 1:3.5 1:2.4 

1 • .ll6 1.:.;22 1.470 
J. ,llH 1.2!'5 1.3'30 

l..01>3 1.288 .1..437 

99.5 .l02.0 .102.7 
22.0 ~~o. i .l.9.1 

270.0 21.1. ~ 164. ;;I 

8A.O H~-).0 <;.10.0 

t:4 .o ?.l. 0 74.0 
~-3.0 j'.I\. 0 1?0 4. 0 

410.0 412.0 ·3·;,i7 .o 

PAGE 29 

DATE 10:0!5:8'5 
TE~T ID · UNIOOlJ. 

::iYNI) rOROUE FACTOR :35. Cl 

.U{jO e.oo 

lS.04 18. :<O 
144.~ 146. !5 

l J. :<t; sis 
17. ;? 12.7 

::~o.o 'l.9.0 
102:2.1 1022.2 

0.991 0.989 
14:3. l .t44 .·3 
17.0 12.5 

'!ll.. l .•n. 7 
53 .190 7z,9e.o 
l. ;.·1 1. 2:3 

3S2.Z. ::<'!53. 0 
;2:3.:3 2:3,•3 
::~2.0 33.0 
72 .:~ 71.4 
t;;0.3 59.5 

;?.«~. 1 ·z2.7 
2B.O 22.0 
:,?.<j, .\ ·u.4 
J.6.4 .L4.S 
1.:;. :3 14.S 
l,€;,4 14.G 
u .. '3 .'3.0 
lJ .• S 7.4 
J..L. s 7,,9 
l.ns l.tUS 
1. s·:it> J..4''10 
1.709 1.5t::? 

10.L..'3 ·:it::.? 
21.t:; 1·:..? 

147. 1 l;i .. '3.1 

P,.'.:i.O c.!1.0 
74.0 7 ;:, .o 
.<?.4 .o !j. ::.0 

;:':)') . () ::.::1\. () 

'\ 

N -N 



EN•.7 tNF. 
l1Al\F.: 
MOCIEL 
Ne· CYL 
CAPACITY ·:•: 

r ORD 
3000 
2 
~!;lt-0 

ElllG !NE ·=·PEEi• ! N•)t1Jl'1Al. > 

Obs•rv~1 10ad 
Obs~rv•d tor1Y• 
Obs•rv•d St••d 
Obs•rv•d row•r 

Air t•m1>•ran1rf' 
B•r~m~tr1c tres~~r~ 

Corr•ct10~ ractor 
·~~rr~~ted t~r1~e 

( (•r' ;, ct• d F· ... ,,,_.r 

N 
NM 

r.:PM 
t.:W 

cleg C 
mEI ar 

NN 
KW 

FY~: ~on~~•*d 
M•as~r~m•~t t1m• 
F~~l ma~~ rt0w 
~.S.F.(. 

<Jll>S 

s•ci:-nd~. 

':JlllS/s•c 
9ms/KW/hr 

Th~r~~l ~'ft•:t~~c~ 

Fu•I t•mr•rarur• 
Pymr del1v•r1/~fr~k• 

;~~ 

deCJ C 
mmt::'< 
mg ms 

St.irt or l"J••:tl•)n d.:g. ma1 
rn in 

mean 
Start ~' c~mbust1on deq. ma1 

min 
me1~ 

Iql\I t i•H• d~ l ., d~i m.i• 
mi1-. 

m•an 
I9r11tiC•I\ d•la:r ms ma1 

mi r1 
m•an 

Ha 1. c1l1nde1· f'r•ssure bar 
l'lat. pr•~surP r1s• bar/d~q 

bar/ms 

01 l T<-n>r>l'r ature dt-g c 
War·:··· !~I to/'mf·i'r itur• rt.;q i::· 

Wau-· •)·.I 1 ternf·•r atur • dt"l ( 

F ' ... .i:.:; ~ ~~m~ ·"::-r J 'f•lr·.,.. rl-!>q c 

~000 

E::NIJ LNE Tl'.ST l~ESUL TS 

Fl.IEL 
l)J'.;.T JLl.f\I E 
(IENS!fY Kq/I 
CAL VALUE l'IJ /l.;'l 

1700 

[1IST .LOO 
0. 84';t 
4~.75 

1400 

G7 :~ 1.0AC1 <N<:>mi ·1al l lt:: de-J BTOC 

11. 4t~ .10.M .1.l.:iS 
·;,.1.. ,<) .st>.s '.H.1 

;::O':>O .11' :-ce. 14:-c2 
19.7 15 •. 9 1:3. 7 

;::9 .. 0 29.0 30.0 
!022.2 1022.2 102·2 .. 2 

0.9B9 0.98!:'1 0.99.l 
·:-o •. s 8~.9 90.3 
.1"3.'.3 15.S l.3. :i 

4!~. 4 45.1 47.8 
29. '5~•0 :-c4. 790 4?..190 

L .G4 1.30 1..1.3 
;:o;:: .2 =~~e.. 5 :~01. 3 

Zi" .·Et i.c:l.2 Zi" •";I 
:<:.O :.::<.O :::4.0 
38.3 35.8 38.0 
:.H.9 ;~9. e. 3.L. I> 

ll .. 'l ll.'3 23.7 
20.a ?.1.7 23.5 
21.1 21.8 2:3.S 
9.J. l.0.9 l.2.7 
·:i.o 10.0 12. 7 
9.1 .\.0 • ., J.2.7 

12.0 11..9 11.0 
l.L. e. l.0.6 .10.f.\ 
.1.;? .0 .1..l.1 10.9 
0.979 1.137 .1.280 
0. 9'5'3 1.0:3s 1.256 
(). 9i'2 1.068 .1.2S8 

80.3 82 .:3 S.'5. 2 
12.5 l.3.9 .14.J. 

.1.5:3. t> 144.S l:ZO.·;t 

~o.o 91.0 9J. ,() 

s·J.O 54.0 50.0 
l>.0.0 19.0 79.0 

29i".O 2'50. 0 .?·)·3.0 

~·AGE: :iO 

(IATE .lO 0'5. ·'3'S 
TEST ID UNILJOll 

OVNO TORQLIE FA1:ri:1R 3'5. b.I. 

lJ.00 P,.OQ 

U.45 11. 27 
'Jl. b ·:.o.z 

1.1.52 F.115 
.1.J..1 7.7 

Z9.0 ~~.o 

1022.2 102-,"?.~ 

0.989 0.989 
90.S ,,.,.. :) 
10.9 7.S 

48.3 '53. 4 
52.3'!10 ·.~;:.'!ISO 

o.·n 0. '11. 
2-0:i. 5 3"1. • 1 

27. 7 24.7 
::--i.o ::::?..O 
:).9.5 42.'5 
32.0 :~5. 4 

24.5 ::·z. 7 
24.4 ~2.t: 
24.5 ::.z.1 
.14. i;. 14.S 
14.5 14.5 
14.5 14.€ 
10.0 .'3.2 

;. • 9 e. .o 
'3.9 ~.1 
1.444 L .t:;77 
.L. 4:30 1. 63!5 
1.437 J .• SS3 

.c3~.o ,g4. '?. 

.t:.:? J.:-c. 5 
.104.8 t>S.O 

Bfl..O .~.;-.o 

48.C 47.0 
79.0 f·'':f.O 

Z.20.0 212.0 

N -l..i 



EN!jINE 
11Ai.;E 

NO DEL 
t~c· C YL 
(Af>AC!TY •: ·: 

l"(IR[I 

·3000 
:~ 

2860 

ENGINE SPEE (1 (NOMINAL l 

Obst-rvt-d load 
-i)bs,.rv~d t->r·l•JC> 
Obsfor v•d Sf"••d 
Qbs,,,.r .,.,.d f'"='"'"r· 

Air t•mi>•r at1.1r·• 
Bar~·m~trt~ pr~~~~r~ 

Corr•ct1on f1ctor 
Cor··~~t•d tor~~~ 

Cvrr•ct,.d f'C•w•r 

F•J,.l cor.sum,.d 
Measur•m .. nt t1mfo 
Fu,. l 111 ass r l ·:·w 
8.5.F.(. 
Th,.rmal ,.ff1c1,.nc1 
f"1J• l tt-mF>•r·at•Jr to 

N 
NH 

RPM 
l\W 

d•CJ c 
mElar· 

NH 
1-;1~ 

qm<;. 
seconds 
ims/s,.c 

9ms/KW/h.
% 

deg C 
mm+l 
m9mS 

P1Jmp d,.1,.,.,.r//'Otl"vk,. 

St•rt oJ i~J•~tio~ d~9. m•1 
min 
m~•n 

Start or comb1.1st1on d•9. m11 
n1i n 

m••n 
lil'l It I ~·r1 d .. i .,, d.:-i ma1 

m1n 
m,.an 

I'F• l t 1 eor1 d\!' l "'' 111'\ mar 
mi r1 

mt-.ir1 

Na1. ~1l1nd,.r pr,.ssur~ b~r 

11.11. r·rf'SS•Jr·t- r IS,. bar /df-'I 
bar/ms 

01 I t•mr•t-r at,,,,;, <lt-9 
·...aJ.r~r· IN r-:--al'lf•\.0 1" .ltt.H 1..li '1-!-'J 

\~at <· • •:•'-' l t t- m<· "'' a t 1J r t: d t- q 
~ 11'11 .;• r...: .. mF'.·····~t·~r..:- d~•·J 

2000 

ENGINE TES! RESULfS 

FUEL 
I:•ISl ILLA rE 
CENS!TV Kg/l 
CAL VALUE MJ/~;g 

J.f"OO 

DIST J.00 
o •. 949 

42.7~; 

HOO 

33 % LOAD <N~~inill 26 ditg BTOC 

I\ • t;;i; 4.lS 4.25 
37. ;: .):3. !S 34.0 

204t» li44 1425 
8.0 t:. l :OS • • l 

2·;..o ;~s.o 2e..o 
l.0~2.2 1024~ .i J.OZ2.2 

o.9e::. 0.987 0.987 
36. '3 .):).1 :3'3. 6 

i''. '.:! 13 .o ~.o 

2·:1. 4 .'?6. J. 2~.9 
29.790 ?-4.790 42.:i~O 

0.9'3 0.75 O.Sl 
448.9 44:>'.J. 439.0 

18 •. '3 1.'3.8 19.2 
33.0 ::~3.0 33.0 
z:J.2 20.7 20.6 
19.3 l.i''. 2 17.1 

1S.S 17.5 20.0 
17.f' 17.3 J.9.9 
18. 1 17. :5 20.0 
5.7 6.5 9.2 
s.s 6. 4 9.1 
S.6 S.'5 9.1 

1:3. J. 11.1 10.9 
l.2.0 i.O • e. .10.8 
12.S 11.0 10.8 

l .Ol'7 .t .0513 l.. 27::i 
o.·;.7; .. .l. 0:37 1.26.1 
.l.015 l.OSl 1 .• 2E:7 

t>t>.·:i 64.0 66.9 
8.3 7.5 9.6 

l.01. ') 7,g,6 81.. ·:i 

8-7.0 m·.o 8"1.0 
41.0 JI' .O 3'5. 0 
7~~.o ,.,. • 0 i"7.0 

l':1:<. 0 .Lt~.<>,. 0 j '5.L. 0 

l''AGE 31 

~ATE· 10:0~:8~ 
TEST ID : UNIOOll 

OVNO TCIRC!IJE FACTOR "3~ .SJ 

lJ.00 SOJ 

4. 4::: 4.51 
3!5. :) ;:t) .1 

l.1.29 o ......... . _._, 
4.2 3.l 

28.0 ::::s.o 
J.022. :z 102:.?. :z 

0.98i' o.~l!.7 
:34. ·:1 35.7 

4.J. 3. t 

ic.;. '.) 26.7 
'53. 390 ?:~.:iSO 

0.4'3 o. :::b 
429.t:; 42t>.i 

J.'). 6 l'3.7 
::::3,0 33.0 
20.9 :Z.L. 3 
17.4 li' .7 

l:Z.7 ;::o.·;, 
21.8 :~o. a 
22. 5 'ZO.·!f 
12.7 1.::. 7 
ll .. 9 1.'?.7 
.l2. 2 12.7 
10.8 ,g,2 

9.c:t 8.1 
J.0.3 .C3, 1 
1.~9·9 L ,t:;59 
.L.40::4 .l .649 
i.. '52Z. 1. E:'5 3 

69.6 67.2 
10.s 9.1 
;·::::.~ 4'5.0 

W3.0 1?-4. () 
·3.<J •• O 4 3 .o 
?7.0 77.(I 

1"'8 .o I "".,O 

'\ 

N ... 
"" 



ENGINE 
MAKE 
M(•(EL 
t.fo (VL 
(N',\CITY -::•: 

FORD 
3000 

:..:.c 

z.9..;o 

ENGLNE SPEED !NOMINAL> 

O~serv~d l0ad 
Ob~~rv~d r~r·1•J~ 

Ob\e-•v~J \r~~d 
1)b~~,~v~d tower 

•'11r t•111t•r at•H • 
Oaro~ottr1c pr.,ssure 
Cc0rr £-Ct ion factor 
a:~rr~ct~~ tor·l~~ 

C~·rr •Ctt-d f'C-111£-1' 

F•J~l -:or1ti•Jm~d 

~••LJr•me~r t1m~ 

F •Jot I ,. as' ~ I.:· 111 

t<. S.F .(. 
rh~r•al •ff1.:1•nc1 
fij•l t•mr•r•tur• 

HILE CONDITION 

N 
Nl'I 

r,PM 
Kl.I 

d•'I c 
mBar 

NM 

''"' 
9ms 

~~·=<•rids 
•JlllS/,e•: 

9m-./KW/t,r 
% 

de<J C 
mm•3 P•JftlF' d• I 1 v•rl' /s trC>lot 
mg111s 

Stl.rt of 1njot.:t\.:•n deq. m•I 
min 

m~•n 

Start o~ combu~t1on d•'I· 111•1 
min 

Iqoit-H•n dela1 

I9n l ti •:·r• de l • ,• 

de<j 

Ill!> 

m•1n 
111a1 
min 

mean 

m•x 
min 

m•~•· 

Mai. O:Tlind•r pr~ssur~ bar 
M~1. pr•S!ijre r1s• b•r/de~ 

bar /ms 

011 tt-mper•t1Jr~ 

:.ta t "'° r IN t ,,. 111p ~ r I t •Jr ,;. 
:...iat ... -· (If.IT ffoft\f•e-1· Atur·#

~- ' t, 1·4 ; f' 1' ~ fl'r:·.;.. r ~ t •l I° ·~ 

d,;.g c 
deq C 
deg C 
d•q c 

ENGINE T[ST ~ESUL IS 

800 

FUEL 
[IIS rILLATE 
[IENSITY K9/ 1 
CAL VALLIE MJ /~;~ 

~t:. deq BH•i: 

n. ~:1 
2.9 

s;!t> 
• 3 

2i' .o 
1022.2 

0.986 
2.9 
-~ 

14.3 
;·2.~r;.o 

0.20 
;>l.'l.ll.'5 

:3.0 
:<?.O 
ll.4 
9.5 

21.b 
19.S 
20.2 
1.1.S 
10.9 
11.l 

9.S 
8.8 
·:i.1 
1.980 
l.773 
.1..842 

'52." 
5.3 

26.S 

$J..0 
117.0 
75.0 
.-.·:i.o 

DIST 100 
0.849 

42.75 

PAGE ~;: 

OAT~ 10 O~ B~ 
TEST IO : UNIOOll 

OVNO fORCIUE FA1:::T1JR !l':S.81 

'\ 

N -1.11 



f::N•j Ir~E 
111'11-'l 
M(•l•l:L 
lfo ( Vl 

•. Af'AI. l I Y •: •: 

I OR[• 
?.OOV 

.::.'!.t.O 

[N.;l•IF ;r·EE(• <N'.•l'IINAI > 

•_lt·~,~.--·1.;.j l\'.•.-\d 
•)b S\. ... rv~ d t..:.,· -:p.a \!' 
nt-~ .. r V(•d 'if'f-fo!I 

~)b 5,.,. Vdd f"'.'111 ... 1" 

Air t"mperiturd 
~~r·>m~r,- •~ pr~~~~r~ 

Corre~t1on fartor 
·~..:.·1 , .. ~·= ted t•,,r·1 1J~ 

C C•r r t-C tt-11 f·.:·111er 

N 
Nl'1 

r..:PM 
KW 

d t-') .

mBa1· 

Nl'I 

""' 
Fu.,\ 'ohsum"'d 
Me•surem<-nt t1~• 

~udl mt1'i'i '10111 

~.S.F.C. 

im' 
S<f'•:i:•r1d!· 

~ms/s.:~ 

9m\1"KW/hr 
Th"'r~•l eff1c1.,nc1 
Fuel t<-mper~ture 

Pump del1ver1/stro•e 

>: 
d~<J c 

mm•:) 
m<Jlll! 

Start Of 1nJ~Ction d~i· max 
min 

m~•~ 

St••t uf c0mbust1on de9. m<11 
min 

m••n 
-Iqn1t~·~n d.:lil! d~'] mar 

min 
m~iln 

Ii<•ltH•n delay m! illlll 

Rll r1 
mf!an 

1'1•1. c1lir1d•H f·r.,ssur~ bar 
Ml•. pr<-S'>u•<- ris<- bar/de9 

bar/ms 

C• i l t e mr· er • t u r t-
W J t ··•·IN t"'mr.,rat•H.: 
W~t~r ~JT t<-mr<-rature 
F • h. ~ ·1:. t t ~mr- '-:a.r :1. t •H •2-

deg ( 
d~i c 
jf-q ( 

d•q 

-.:.ooo 

(NGINl TESl RESULTS 

Fl.IEL 
l•ISTILU\TE 
[IENSITV Kq/l : 
CAL VALUE 11.J/K'] 

1700 

8!51 100 
0.849 

42.75 

.1.400 

100 % \.OAD CNom1nlll 14 d~·J IH[IC 

l';l.05 .:::o. 4;> ::.o.7t:• 
t5;"!.5 lt:3. '5 166.2. 

.i:·osi .ti' l1 l4W 
)2. !3 2·:..) 2'1.'3 

~·.:i.o 31.0 :.$0.0 

l0l2.3 1022.2 1022.2 
o. 91?.9 0.~9Z (J. 99.1. 

1.50.-: 162.l 1S4.7 

:-ci "" 
29.l 24.6 

:W.1. .'36. 0 ·''3.1 
~9. '5~>0 :{s. :<90 42.:":190 

:C. 7 L 2.43 .~.10 

:<OO. t. :::01.0 30'1 .2 

28.0 2.•Lo 27 .4 
:::2.0 ~3.0 :<2.0 
S:).'.$ 68.2 70.6 
5;>:. e. St>.8 ~8.9 

H.~ .1.:5 • t> lS.4 

1:<. 9 14.8 15.'i' 
1:3.9 15.4 16. 2 

4.7 7.3 8.3 
4.5 t). 5 8. :z 
4 .t> i' .o e.2 
9.4 9.0 8.2 
9.2 8.1 7.4 
9.3 8.4 8.0 
0. 76t> 0.880 0.955 
0.74'3 0.7'33 o .. ,S'.'S 
0.758. 0.82~ 0 .93:) 

8.1..'.'S M.O .99.8 

.1.1.2 J.l.:{ ll.0 

137. ·:. 1.l5. '1 So4. 6 

87.0 HC:•.O 8~•.0 

59.0 67.0 6.C3.0 

B2.0 e.:;:.O BJ..O 

/\~"!"\. 0 4.CO.O 1108. I) 

'\ 

P~\GE ;::: 

(•A IE 10 0'5 ·'3'5 
TESl' ID LINil:tOl.2 

OVMr) TOROUE FA( TOR "35. t·l 

J. J 0() .'!.00 

.::o.s5 ;!0. '3P.· 
l-:;t:. ·:i lt.4. '1 

ll '.::7 8;:5 
.L·:i.·:i .14. 2 

:<.t .o ::~.o 

1022 •. :< lO~~·z. 2 
0. S.92: 0.98~ 

16'5. ti 1~2. '3 
19.? 14.l 

N -a-
'31 • :) ,13•3 .. '3 
53.J."tO 7 :! ,i;.e.o 

l ..,.., . , - 1. 2) 
;:1:< •. :-. ~•.14. 5 

2t:. '3 .'.?S •. C?. 

:::i\ .o :<3. 0 
7:Z.t. 71.o 
t:;0.4 59.~ 

lt>.4 l.l.0 
lt>.4 J0.1 
is. 4 10.'5 
10.0 '5.~ 

·:.0.2 '5 . '5 
9. '5 '5 • 6 
7. z. '5. ~ 
t::.4 4.t:; 
t). '3 4 .·3 
1 . o'5e. l.09'5 
o.·:.:37 o.·no 
.:. • ooe. 0.993 

·::io .. '3 (''3. ·:i 

'='. 5 ?.O 
t->'5. l ;<4 .7 

e.3.o l?·t·. (I 
l)•!J. 0 .;.'j. 0 

s.::.o e. L. 0 
?.'54. 0 ~1 LO 



ENi7INE 
t1A"E 
M1)[1£L 
N" CYL 
( APAC ITV •:.: 

F<:•RO 
3000 
3 
::880 

ENGIME A"EE[I <N•_•MINAI_) 

Obs~•v•d l~ad 

Observ~d tor~>;e 

ObsPrvpj St•Pd 
Obser'v~d F·~w·~:· 

Air tt-mF·£·r atur to 
Ba1·0m~tr1~ rressure 
Corr~ct10~ 'actor 
C '-'r r to·= t ~ d t \:•r ·111 ~ 
Cc·rr .. ct• d f·C••"•r 

N 
NH 

f.:PM 
KW 

dto<j c 
m~ar 

NH 
l·;hl 

F •1 ~ 1. ·: ·:·r1; •J "'e ~ 
1'1.;i.~c:•1rPm~rat t11n"=' 

'!}mS 
s~ c,:.r1ds 

F•J\?- l lfti.S 'i '1 (~•\II 
B.5.F.r. 

~ms/sec 

qms/KW/hr 
!h~rmal ~'f1~1~~~; 

r11•l t"mf·i-r atUl"E' 
p., mr d c• I iv er 1 Is tr c- t ~ 

;..: 
d<-<J c 

mm+3 
mgn1s 

Start 0J 1nJection de~. max 
min 

m~an 

Start {·~ ((·m~ucfl·)~ d•g. m~I 
au n 

m•an 
Iqr.i ti·~•· d<" l J.t 

Igr.1tior1 dela}· 

d~q 

ms 

ma• 
min 

mean 
max 
min 

m•an 

Na•. ctlind~r pr~ssur~ bar 
Mai. prtos~ur .. rise- bar/d~g 

bar/ms 

01 l te111r·t-ratu1·e ,t•·J c 
'""'at' '!-I" IN temperature d"q c 
l~a t er OIJT temper aturt:o dt-9 c 
Et 1"1.J•.t c; t t .c-mf·,":>.r ~ t 11r ~ d<"q c 

2000 

[NGINE TESl RE-·.:.1.1Lr~. 

FUEL 
DISTIL.LATE 
[lf.NSITY K•J/l 
rAL VALLIE MJ /1..;g 

1700 

DIST l.00 
0.849 

4?..75 

1400 

67 ;-; LOAD (l\k•min.1ll 14 d~q BTDC 

u . o;· .10.91 1.1.15 
.'3.';:I. 7 87.13 ,43•3. :.2 

20'50 .1740 1.IJSO 
19.0 lt>.O 1:3.6 

30.0 ::9.0 29.0 
102,~. 3 1022. :3 1022.3 

0.9'H 0.989 0.989 
!37 •. '3 .gt;.8 88.3 
1S.-:< .1'5.8 13.4 

4'5. ·:i 4 3. '5 4:~:. 7 
::':I. S':•O :<4. 790 4J..790 

1. S'5 1.25 1.05 
2"=tt:. ~ 2B4.4 280~~ 

2.'3.4 2'3.6 30.0 
:~4 .o 34.0 34.0 
J6.4 34.5 34.7 
30.:, 2B.'." 28.S 

9.3 10.2 .Ll.O 
s. t> .10.2 10.9 
9.1 10.2 l.l.O 
- .(; J. • :~ 3 • .l 

-.l. 7 1.0 2.9 
-1.4 1..1 ~.9 
lJ..O 9 . ., ... s.2 
9.9 8.9 7.1:\ 

10.5 9.1 s.o 
0.892 0.881 0.9:-«7 
o .. '303 0.856 0.8913 
0.856 0.869 0.923 

60.3 64.7 66,8 
7 .1 .., ~ 

t ·' 
e. .2 

.437 .r· 80.6 ?1.6 

SB.O 89.0 89.0 
4':t.O '15.0 '1:3.0 
79.0 78.0 78.0 

:!7-~. 0 24·'3. 0 22·.:>.0 

'\ 

PAGE ~:4 

DA'fE .lO 05. 85 
TEST ID UNIDOl.2 

t1YN1) TOfll)IJE FACTOR 3'5. t>l 

J..100 P..oo 

J.l .'55 11. 9:< 
'!fl. 4 9'5. ':S 

1136 .~1:< 

11.0 .'3.1 

28.0 ::~F.'. 0 
.1022. :3 102z.·3 

0.987 0.9S7 
·:i.t.3 ·:t4 ,:3 
.10.9 .~.o 

45.7 4,43. z 
'5:< .190 i4.J.SO 

o.e1;. 0.65 
::.:e4.9 ::'.:t l. 4 

2').6 2.~ "" 
N 

34.0 ·n.o -.... 
:36.4 ;c.~.4 

30.3 ~:2 .o 

B.7 10.9 
.12. 7 10.2 
1.3 .o HJ.6 

f; .t:; 5.S 
6.4 •:L '5 
t:•.5 'S. 6 
7 ., .... '5. 4 
t::.3 4.6 
6.5 ':5.0 
1.051 1.107 
0.91'3 0.'346 
0.951 1.035 

74.2 
""" • .L l.O.O 8.2 

s.'3. 2 40.Z 

B7.0 84.0 
41. 0 40.0 
i'B .0 ?7.0 

2.l.t.O 1'3'~.o 



ENGINE 
11l\Kl. 
Ml.•(Jt:L 
N<• CYL 
CAPACITY •:•: 

!'"OR(• 
3000 
:.:: 
::.~so 

EN•> lNE' ·;PEHi ( NOM1NAI l 

0bs••v•~ load 
Observe~ tor1ue 
Obs••~•d !P••d 
Obs•rve~ power 

Air t••r·•r·atur·• 
- B~•-·=-••feotr ic press•Jre 

Cc>l"r f!'Ct ic·n f;actor 
l'.:"·:-rr ec ted t<'•·l•J~ 

C c·r r • c t e d f' <'Wt- r 

Fu• l 0:,~nsu•e d 

N 
Nl"I 

RPM 
KW 

d('!J ( 
1110oir 

Nl1 
KW 

i'"' 
- ~•~sur•mt-nt tim~ 

F•Jel m•ss i1 .. ~w 
8.S.F".C. 

Sf"C(•r1ds 

qms/sotc 
9ms/KW/hr-

The~m•l efficienc1 
Fu•l temp•raturt
Pumr d•livery/stro•e 

;-; 
d•g c 

mmt3 
rn9111~ 

St~rt or injection deq. ma1 
min 

mean 
Start or comtustion d•g. ma1 

•in 
m•an 

Iqnlti<'n delay d•q 

Igr1it1on dt-lay ., 
l'\a1 
•in 

llloiaf1 
mar 
,.ln 

m•1n 

Max. c1lind•r pr•ssur• bar 
Mai. pr•ssur• ris• bar/d•g 

bar/•s 

h I te••F·•ratur• 
Water IN temperature 
~t•• our t•mp•r atur·t
. •, i • 1 ~ t t ..: mf· ·: r 1 t •.a r ~ 

d•g c 
d•9 c 
d~~ ( 
d~q c 

2000 

ENGINE n:·:.r RfSULT:::: 

FUEL 
[llSTILLAlE 
DENSITY K9/l 
CAL VALLIE MJ /Ks 

l i"vO 

DIST 100 
0.84'3 

42.75 

.1.400 

~~%LOAD <Nominal> 14 dvq BTOC 

4 • t-e. :.:: • 9t;; 4.55 

37.S .$1.7 :3S. 4 

2031 1745 l.430 

s.o s .. ~ 5.4 

28.0 z-:i.o 28.0 
1022. :) w22.:::i 1022.2 

0.987 0.989 0.987 

:)'?'. 0 31. 4 :;:t5. 9 

7.~ '5. 7 5.4 

l'El.3 2!5. 2 26.l 
::-:~. ~')0 34.790 42.::~90 

0.-:1.9 0.72 O.Sl 
44t~.9 454.9 411.9 

lS.8 lS.5 20.4 

34.0 34.0 34.0 

23.1 20.0 20.'7 

19.2 1€;.15 .L'?'.2 

'7 • .:: S.4 S.4 

5.9 5. '7 8.2 
6.9 5. ') s.3 

-5.0 -4.l . :: .. 
-5.7 ·-5.1 -.a 
-5.4 -·4.5 -.1 

12. '7 10.a s. '3 

11.S 9.9 e. .o 
12.3 10.4 8.4 

J..039 1.0::-.2 1.041 

0. <3'54 0.948 0.933 

1.012 0.989 0.982 

49.3 49.'3 56.t> 

::: .4 :~.9 6.8 

41.0 40.3 58.4 

P,.'7 .o ffl .o Bt";.o 

34.0 :::'I. a '.35 .o 
77.0 i .. 7.0 76.0 

;-:oo.o tt:.·).0 1S4 .O 

. ~ 

r•AGE: :~5 

DAT£ J.O:OS:S~ 
TEST ID UNIDOl~ 

DYNO TORG!l.IE FACTIJR : :;:t!5, SJ. 

l.100 ~()0 

4.44 ".25 
3!5 • '5 "4 .o 

lJ. 2.3 'i''37 
4 -~ ... '2 •. ~ 

ze.o ;-~?." 
lO'll. 2 lo·zz.z 

0.9l'-7 0.98!0: 
·~!'5 • .l :~:). !'5 
4.2 2.8 N .... 

27 .;3 zs.·3 00 

~;:;: • :~·~10 7'3.7!50 
0.!'.51 0.3$ 

44:'...4 4!5'7. 0 
1'3.0 18.4 
:~3.0 3Z.O 
2.l. 7 i?l.4 
Ul.l 17 .8 

11.0 10.0 
10.9 9.2 
11.0 •;l,!'5 
4.7 4.6 
3.8 3. '7 
4.0 4.0 
7 .• , .... s.J. 
t3. 3 4.9 
'7. 0 ~.5 

J..060 1.277 
0.9Z'3 J..0~ 

1.0215 l.14B 

SJ.. i' 5.g.2 
e .. 1. '?. 7 
~~.) 3S.7 

M.O e.2.0 
l\.L.O '51. 0 
i'f,. 0 ?'?. 0 

14 -~. () ,1.;:-;i. 0 



Mn KE 
11(1(1£L 

EN•JINE 

N·:· r: YL 
•:APA( ITY 

f·r:1R(1 

3000 
:• 
.!St:O 

r~i.:;>1E -::r-(((1 t N(•11JNAL > 

·)r- - ... ,.,. :1 lo:·a·1 
Obi ,~r v~ ·J t •:ar ·~·J ~ 

·•t>._,_, -.·t-1 sr·t-'-"d 
1)b -;.._::.rv\!'~ p•::-w~r 

l\1r t'"'"'f·•r i't 1Jr • 
9a·· · ·m.:· tr 1 •: pre S\ur"' 
C<·rr•Ctl<·~ f•ct~r 

c~rr~~t"'d t0r1u~ 
C~·r ,. ·•·: t ~ d f'C>Wt-r 

F•.a·~: ·:•:·r1'\•.lm~d 
M••~~,·~m•ht t1m~ 

f." •• .;, ' "'1 s s f l ·:•w 
(•.>."'.(. 
T~•rm1l eff1c1enc, 
F•••l tt'mp•rat•Jrt-

IC•L t ( OND!Tl(IN 

N 
NN 

RPM 
KW 

deg C 
mBar 

Nl'1 
KW 

9ms 
~"'cc-nds 

")ms/s"'c 
gm\/KW/hr 

% 

P•Jmf' do!>liv•r1/stro•e 
d•'] c 

m111•3 
mg•s 

St•rt of in,"'ction d"'1· m•• 
min 

m"'•n 
St•rt o~ combustion d~9. ma1 

min 
m•an 

Iqr.:tl'·•• d"'l11 do!-'3 1111 l 

min 
ml!>•n 

I·Jr11t1.:•n del•,· ms ••• 
min 

m••n 

H••· c1lindo!>r pr"'ssur~ b•r 
Mal. F·r•r.s•Jr• r 1s• b•r/d•g 

b•r- /•s 

Oi I t•mf·t'1· a' •Jr• 
I.Ii t .. c IN t.:mf·l!'r • t•Jl'w 
t.lat•r Ol.IT '.i-mr-•rature 

- E•~•l·i>t t.:mf··;•·a,·1r~ 

d•·] (: 
d~9 c 
df"CJ c 
d~'J c 

lNIJ IN[ l!: ST f.;E.;:.IJl r~. 

FUEL 
(•lSl !LLATE · 
DENSITY K'J/l : 
CAL VAL.UC:: MJ /~;g 

llOO 

0.35 
.:: •. '3 

~.2s 

.2 

:i.:?.O 
1o~i.3 

0. '.:l81> 
2,.9 

.2 

.1.:3.7 
7:":.?'50 
0 • .1.'3 

~l'·2"-.4 
3.0 

:~2.0 

J.O.-:'! 
~.1 

10.0 
8 .2: 
'3 • .I. 
~=.a 
2.0 
2.9 
S.3 
S.2 .., -~ " ... 
.1..274 
l.241 
1.25? 

5i?.3 
s.:;: 

31.3 

79.0 
'52.0 
7'5. 0 
';'14.0 

.l4 dto<J 0TCH:. 

DISr J.00 
0.849 

4Z. 7:5 

PAGf:: :~t=: 

[)ATE 10 0'5· .13'! 
TEZT IC1 l.INIC1(1.tz 

OVN(I rc1R(JLIE FACTOR 3'5. l).l 

N -'° 
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EN1:;:;:: ... 1E 
11At-:E 
,.,)[iEL 
N-:- CYL 
i:Ar>r.•:-rrv ·'.: 

F•:ir~r· 
:::ooo 

l-~t:O 

ENG IN..:: '.:'.PE::C::C• ( 1-1•:•M tNAl l 

(•t:- st-,. , ot ;j I~·• :I 

•)b '""'" ~·•d t c.r ·1•,.: 
•)t•s:. ·1t-d Sf· .. ot·:l 

•)b ~;,r V ,• d f••:•111•1· 

Al' t ..... mr· tor ai t 1.&r .:

~.r~mot tr 1 c trots1~r• 
( ·:.r r •-: r \ ~· n f ~ ·: t ~·r 
1~ -.r :· -:· .,: t: "~ lj '·:·r ·l •.1 .:-

( -~·rr t" ·: ti-1 r· ... , .. ,., 

F•1.: l ·:.··r.S•Jll'"~<j 
11;.il;.ur+m•r.t t' 1mi" 

F·1•l m.us fl•:•w 
:•. ·;. F .(. 
T1 .. ~r111•l •rf1·:: ;r .. :, 
r··J• I t•lllP •r • t •:r to 

N 
Ml'1 

r-:Pl1 
~:w 

d•CJ c 
mElar 

Nl'I 
~:w 

'3"" 
'••:•'.•rod' 
ims/s•c 

~l"'~ /l·:1.1;t.r 
>~ 

P•Jmf· dot l ivotr, _/str <·•• 
df.oCI ( 

mm+'3 
m':lml 

StArt of ir.:•~tior. d•i· m11 
min 

m••n 
StA•t ~f comb~~tior. d•9· m11 

min ,... .... 
I'3••:t1•:·r. d•l~_. d•i m11 

"'i r. 
m•an 

I ·Fol t 1 ~· r. d • I • 1 ms m;a1 

mi r1 
m••n 

M•1. c1lir.d•r pr•s,Yr• bir 
Ma1. r•~~sur• rl'• ~1r/d•9 

bir/ms 

Oil t•mr-t-•·••·1r• 
~l.Jt~r IN t•!>.:111~ .... ,.,. 1t•.&f~ 

w ~ t ~ • •••J T t • mr •,. • tiJr '1' 
~- • 1' • .,i., ,,. f.lotnf:··••· J r.u ...... ~ 

ojf.o~ c 
d•'3 i: 
df.'~1 c 
d ... ~~ 1: 

::ooo 

n11:; un::: rr.;. T 1;:i::·;l11. 1'S 

FUEL 
C.11UL SIC•N 
[•E::NS!TY K-3/1 
C Al.. '/ALI.If. MJ /K 'l 

J i'DO 

TEGtlN3. 'Et 
0.849 

38.l.:;2 

HOO 

t:;;- ~-;LOAD <Nc-min1l) 1'\ d•i 8TDC 

lO.e.:: -~ 1.~~ 11. '5:: 
%.~ '30,'3 ·:.·2.?. 

:::0,,2 .L744 J.440 
J..~. 'S lt>.13 111.·:.:i 

::s. (.) 2l\.O 28. <· 
10:-:.::. '3 l0-.?2.~ 10:.?2.'5 

0. o;.e.;· 0.98i" 0.987 

·''5. '5 s·:i •. g 91..1 
l 8. ::< .LS. 4 J3.7 

4·;..5 4·.;.. 0 4'3,0 
::-:.. 7';40 :;:4. i~tO 44:, l)l){J 

1. t:.t:: 1 • ., .L J. .. L7 
:::;· • .l :::o'E4.4 30'5. fl 
:'?..-: 30,1 30.'5 
::::-:.o n.o ;:~.o 

3-:i.o :3a,s ~s.·~ 
:<2. '5 32.3 32.4 

9,·:i u. 1. 12.1 
S.5 .LO• :J J.J.. 4: 
':1.0 10.'3 u .e 
- . ;· 2.0 4.0 

-1.4 z.o ). 7 
-.9 2.0 3.8 

10.0 ·:i. 2 8.4 
':t.i 8.3 7.5 
·:i .. '3 8.·:i s.o 
0.81i' 0,8?8 0.970 
0.7'.'52 0.194 o.sss 
0.803 0.848 0.930 

SJ.,:) S'.'5 • t> S'3. 13 
s. I> ;·· .3 l\. 3 

-'!-0. 4 7S. 13 71.13 

.~ ... , .o $7,0 Bt:;.O 
-=·~.o 47.0 4:?,.0 
;-.~ .o iS.O 71 ... o 

~i"t.O ~""4.C~ .o 2~·:..o 

'\ 

l;Hi:;E :.s 

DATE .1.0 o:5 ~.'! 
TE'.!".T IC• 1.tl'IIrn:il.!: 

C•'iNI) TCtR•)l.E FAC T1:1R ;:~. "·i 

l 100 800 

.LL.5l 1 L. \!. L 
·,;z. z '· ,·;. 

l.I.,, '5 "'·l'.': 
.l.I.. 0 :- . ·:. 
=·~"4.0 ::e.o 

.1.00::.'":.:'5 10::.~. "I 
o.:1e.~-1 0.987 

'!fl.~~ '-'•L, 7 
l.O • ~ .. :>' .8 

4·~. 4 ~.~. ;'? 

'5::. 7':l0 i 4 •. LI! . .; 
0 ... ~4 ", :·o 

::o~. 4 :::::4.,, 
?.O. ~ ze.. 1 
~:::. 0 :.ci.o N 
~3.~ 41.5 N 

32.7 '?.4.6 

1'3.13 1" .. 
~·· .12. 'El J.2 .1 

.I..).:) .l.~.4 

~.5 i". 4 
I). 4 ? • '3 
i;; • '5 7.3 
i" • .l '5. 3 
t:;.4 4.8 
~ .. '3 ~ • .L 
l. 03:< 1.088 
o.·n~ 0.9•37 
o.~•89 1.040 

7'3. 7 7.'!.S 
'!I. 3 J.0.5 

s~.; '51. 2 

~''5. 0 s:1.o 
41.0 40.0 
?7,0 ;·7 .o 

:·o·:i.o .l'Jl7 .o 



ENGINE 
11At;F. 
~[IEL 

Ne- CYL 
CAPACITY •: ·: 

r·oRc• 
?-000 
:< 
.::.,o:.o 

ENGINE Sf"EEI) <NOMINAL.• 

oi:. .... , .• :1 le.ad 
l)b,.>r v•d t•>r ·llJ~ 
Ob~.-. votd 'f'+•d 
l)b\"r v+d p,~wl!-1· 

Air tto111pc-r 1t1Jr+ 
B•r,·m~tr 1•: t1·.ios1•.ir~ 

( ~·r,. •· •: t l ~· l'I f I .: t ·:•r 
(·:·1· r ~·= t ... 1td t(•r ·~u..: 
C ~·r r to-: t + ~ f' ~·w• r 

F•J\: l ..::or.,•Jftl,..1 
M~~~yr~m~~t ttm~ 

F•J•l Illa\\ fl·:·w 
E•.$.F .C. 

N 
Nl'I 

Hl'11 
KW 

d+9 c 
m~ar 

Nl"I 
KW 

'3"'" 
!.+ c·:·r• :1., 
'}ftl\/,•r. 

<I"'" /KW/tit" 
% 

::I•~ c 
m111•'3 .,.,, .. 

T~l!-rmal •fflCl•hO.::• 
F•Jt-1 frlllf'f'rar•Jr+ 

P•Jlllf' d•liv•r.-/\tl"<:.h!• 

Start of inJ•Ct\Oh d*i• n111 
111in 

m•an 
St a• t «f c.:0111b1J' ti c-r1 d•g. lllil l 

"'i" 
n1+ar1 

I'}l'l It 1-:·r• d• l a1 d•i m•• 
"'i" 

mvaro 

r,)l•l t i0ir1 de-lay m., llllll 

111 i r. 
lll+llro 

1"111. c1l1l'ld•r pr~''lJrv bar 
M~•. ~r~~.,~r• ~l~oi' b~r/d•~ 

bar/111\ 

01 ! t•mp+r .H•Jr,; 

~~?··• TN t~l'ftf·-:1·•t•.ar .. :. 
~.Itri (11Jf tW-11\F·~r AT 1ir ,. 

F" 1 ... ' , ,._ r t "·mr '-.. ,. tl t ·.a• ..:.· 

d•9 c 
d•<J r: 
d•<I ( 
::I·: ·J r: 

2000 

EMGINf:. TE'.!. T r,ESLIL. TS 

Fl.IEL 
EMIJl. SI (IN 
DENSITY K>J/ 1 
CAL VALUE MJ /I\' 

.1700 

TEGDNJ.~ 
0,84~ 

38.~2 

J.400 

H :-; LOAD <N·~ftlil'lll) 14 d•9 BTDC 

4.0';t 4.00 " . ::e. 
'3~.$ n.s :)4. ·~: 

2044 .L?Zi" 1432 
., • 0 '5.':' ,,1 

2s.o 2€:.0 ~7.0 

J.Ol.~ • "3 1022.:s 1022.5 
0.987 0.!184 0.91.\S 

")2. ·:-: 3:.?.l :)3,.! 

t:..':t ~.e ~.1 

)0.0 2e.2 27.4 
:i-:.. i·':fo 35 • .L~O 42. J. 90 

1.01 o.e.o O,t:;: 
~;:~. L~ 4~1>.5 41il.7 
17.~ 1e.a 20.~ 
:.:C:<.O 32.0 32.0 
2:).i 22.3 21. 8 
J.9.7 l8.6 18.1 

6,'5 ,,s ,,7 
.:; .. ... 4.8 5. e: 
~.4 '5. ~ !5. \) 

-5.2 -4 • .1 -2.!f 
··t.1.~ -4.7 -:), "5 
-"5.~ -4.3 -3.1 
J,:). J. 10,, 9.1 
J. .1 • ti ~.1 8. !5 
J.2. 3 9.'3 e. a 

J..OG7 1.014 J . • 057 
0.94S 0.879 0.981) 
1.oos 0,$1,3 1.020 

4S.7 !50. :3 'J.. t; 
~ .l~ 4 • J. ". !5 

44 .:~ 4..?.3 ~:·:i.o 

8'5.0 e.~>.o 84.0 
1'5.0 '34. 0 )9.0 
?t..O ;· '.; .• (j i't;; .o 

1·;.0.0 Lt: .. '?,. 0 J.'SO,O 

.\ 

F'AGE )'i< 

DATE · .LO 0-' 1'1'5 
TEST I Cr IJNIDI) I.~: 

C•VNI) Tr)RQIJE FACTOR 3~ .t'.J. 

JlU() .'?.CJ:: 

". 54 ". 7'5 
::~.3 i:e. J. 

U.35 g-.-, ..... 
4.:) 

'· 3 

;;·s.o 28.0 
.1022.!5 ... .• '5 

0, !!Si' 0.'!11.\7 
?.'5. '3 :l:'? • IJ 
4.3 3.~ 

N 
N 
N 

V! .• l .:..,.,0 
5?..l~O i"~:. ~~.~c 

o.~:'3 o .. <7 
447. Ii• 40':1. :. 
io • .9 .::~ .~ 
:-c3.0 =~::. 0 
.?'..?. 4 ~.I.. '5 
J.~.7 li' .!• 
11.1 J.L. 7 
10.4 J.1. l 
10.·:i .L1.) 
3.9 t:;,4 
.), 7 "i.~ 

:.::.& "5,8 
; ·~ ~ .. .... '•' 
t:: .t~ !5.:":I 
;.1 '5 • '5 
J, 'Ot:;::~ l .11:.0 
0,':liL I . 117.) 

J..040 J .• 1:::: 

131. 3 t::o.e 
i'. t=: w;.. :: 

'H.6 4 ':'i. ·~: 

e~:. o IJ.1.0 
44 .o '53,0 
;·i.: .. o i' ;·' {) 

J.?.7.0 J. ... ,,. () 



ElhHNE 
MAKE 
...:>DEL 
N<> C YL 
CAPACITY -:·: 

FORD 
3000 
:-: 
~Sl'O 

fN1; !Nf ·;PF.ED I NOMINAL I 

:)to~e-r v.:d l·:•Ad 
- t)bCJ.·~rv.Jo.:t t\)•'·~•JV 

•)b1..-r v.i-:1 'f·••:I 
•)b>.:,.v•d pow,;r 

Air t•mp•riltur f.o 

~.1r'm•tric ,r•''ur• ( ,.r , f" c: t l (I r1 f ii'= t ·:·r 
C01 ,.•~t,;d t~r~u• 
,- ,.,, r •ct• -.:I F" ·'.·•u t-" 

ICll.f: C •:iND:tTION 

N 
NM 

r-:r·11 
KW 

:1•'] ( 
mDu 

t"'1 
1·:w 

F•.a~ l •:•)f1'1•.UI\~ d 
l1••\•1rt-m•r.t t1mt
"°•1•l m.1'' fl~·w 
ri.ss .c. 

~"'' 
'• c c•r1d' 
'!Jm\ I\\! .. : 

'1'"' /l·:w;t.r 
Tt1,;rmi1l .ffi 0:1•'1\•:.1 
r- ... 1 t•lftF·•r ilt•Jr• 
Pump d.,,\1votr1/'trv•• 

;~ 

:1 • ., ( 
·mm+·) 

m11m' 

St~rt vf inJ•ction d•i· mi11 
llli" 

111.tilfl 
St1rt ~f co~~u\tiori d•g. mill 

mi" 
fth'• ·' ,, 

Iir•1tion delilf d•':J mill 
mil'I 

ltl\lill'I 
- I'gn-itl<•I\ d•l.llY ms 11111 

111 i r1 
lftf I (t 

11••· c1lind•r pr,;,sure bilr 
M11. pr"'~'ur• ri'• ~1r/d•g 

b.1r/~s 

QI 1 ~ ,: mf· •r ii t 'Jr f.o 

l..l.1~ :-r IN t"mf'••'&t•Jr• 
w .I t • • (11 IT t "'mr· .. r ii t "r '" 
~ c ~. -1. IJ 'i r r .:- mF· ~ r ~ t •u~ .a-

dt-9 ( 
d\!'i c 
d•CI C 
d .. -3 ( 

nu; tNE n:~. r Vi.::.u1. TS 

Fl.IEL 
E11Ul..SION 
Clf:NSITY Ki/l 
CAL VALUE l'IJ/K~ 

!-00 

0.37 
::.0 

~24 . ~ 
;::1.0 

1022.'5 
O.~SI,!; 

:! • ·~ 
.3 

14 .·3 
7~:. ::10 
o.zc 

;:-:<l '5. ~ 
).~ 

32.0 
11.·:i 
9.9 

10.0 
~.2 
9. 7' 
4.7 
;),S 

41 • () 
t). J. 
:5. 4 
'5. 7 
1.242 
1.083 
J • 'r,~· 

~:.?.1 

5.7 
ZS.3 

7'~.o 
';il.O 
:"'5 .f' 
'.:li".O 

.14 d• 9 Et roe 

Tl:.GDN:J4,9 
0.$4'!1 

~:S.t)2 

F"AOE 40 

[1ATE 10 D'S ~'5 
lEST ID ; UNID013 

CIYN1:i TCIRl"'>l.IE FACTOR : '?I'S, lt.l 

"\ 

N 
N ...., 



EN•HNf 
l'IA~:r: 

M•)[•EL 
N·:· ( YL 
( Af-'t\O: {TY •: ·: 

FOr<C• 
3000 
~= 
2-~80 

E~•'-' ! • .~· ;F-FE(• <NOMINAL > 

(!~. c • • . 1 l ,·,.I~ 
Ob'5·.4 ~ ,- ~j ,.:.;· ·l•J..:.· 
1:·tn•·• ... <:! sr·.,,,.d 
t)bs,,,_•r "··.:d f·~·w..:1· 

A10 t "mf·"'• ·1 T o.ir .. 
[t ,1 ;· :0 m..: tr l ·~ ;· r ..: s \•Jr ~ 
·~ :. r e ct 1 :. n f • •. tor 
( :·r .· "'•·: t,: :I C .-., ·l•J·.?-

,- "•'' .. c tf-1 r .. :·w•r 

N 
NM 

l'·:r:·11 

"'"' 
•Jt.~ ( 

mElu 

NM 
1-'.W 

r=\.1~ l ·>:0 r1'S. 1Jm,•d 
M••~~·•m~nT tim~ 
F'l.: I .11.'i'i 'l~·W 
[•.5.F . .- . 

':Jm'i 
S•C~hdS 

i~S/S•c 
~ms/~W/~r 

T~.~1·m~l •i'1~i~~~)· 

r-a l t •mr· •.•. ;<' ••r .. 
F·~mp <:!.; l 1v"'rf/Stl"~·•• 

:·: 
dt-9 c 

mmt) 
mg1111:. 

St.trt 0f lhJ•Ctioh d•i· m•• 
min 

me•n 
Start ~f combo.astion d•9· m1• 

min 
m•1n 

I·J••tt1 •r• d.tliT 

I 'Ir, 1 t 1 ·=· r. :h· I a, 

de9 

ms 

m•1 
mi r1 

m\1'ir1 
m•1 
min 

m•1r1 

N••· c1linder pr•sso.are b.tr 
i1.t1. r•·t-sso.art· r1,.,,. t-1r/dt-9 

01 1 ~€-mp,., ato.ar • 
war,.,- 41~ t .:·mp •r • t ur .:: 
W~! \:! 1)•.Jl t:""mf·irr •t •Jr t-

~ • " t r .,:. mF· •:,. ,, ~ • 11· Ii!' 

bu /ms 

d•·J c 
d"'-J ( 
df''I c 
d~~ ( 

• 

;·ooo 

EMGIN~. 1 E::. l' l~C·:.1.11_ 1·-;. 

Fl.IEl. 
EM•. II. SI ON 
[rENSITY K9/l 
C:Al. VALUI.'; MJ /l•:'.l 

li"OO 

T(00N3.9 
0.849 

~8.~2 

l.400 

J.00 :; Li:'IAO <N•:•miroal l ;:o d>i·~ 0TC•C 

l7.4f 1e .. r? 18.'!lS 
l ''" .. g 1'50. '?. J'52.0 

~o~~, 1.,.,.,.,. 
I ..... J.•n':i 

.::·:i. 7 .,,, .... .., _, ..... ~~ .. g 

;;-, • 0 30,0 30.0 
J 0.?2. '5 .1022.~ J.O:.::. '5 

0.9B'.:"• 0.9.,1 o.~.,1 
u.~ .. ~ 14·'·'3 .1'50. '5 

:':':'•. l :':\'). !• 2~.t~ 

.~.o. ~ .')'5. '3 '!.·:.. i 
::·:1. ~··~o ::~5.1':10 4::. i. '!in 
:.t:.7 ;? • 44 ~ • .L'~ 

~:;~s. l :::::e.4 ~::::S.4 
:.9. 4 ;.?.9,s 27.'5 
:;:;'!.O 32.0 32.0 
~3. 3 67. ·'3 71.1 
~~.s St,;.5 5~t. :~ 

J.'3.'3 l.1. 0 21 •. 9 
1.,.2 20.9 ?.1.S 
J'3. 2 20.·3 21 •. 9 
~·.1 11.1 12.7 
s.:3 J.O • '3 11,13 
8.1> 1,1.0 12 .1 

10. ·:i J.O • J. 10.0 
10.l 9. e. 9.l 
10 .13 10.0 '3. 7 
o. e.·z•e. 0.970 J .• 18J. 
0.833 0. '!14'3 1.0131 
o.s7::: o . .,s:~ 1.125 

-:io •. 9 9'5 • .-: ·:.:s. ') 
J.3. e. 14.5 J.5.0 

H-7.t> 14·,:i •. g 128. ,') 

8:~ .. o es.o B? .0 
4t: .• O '5•). 0 ~~:.O 
e.o.o .<;>.1.0 ~:'.!.(I 

3l.1. 0 ·::;2 .o ::; .. :·. 0 

r:·AiJr.: 4 l. 

·:~)~ lO OS :~.'5 
TEST ID UNI~)L4 

[1YN1) TC1ROl.IF.'. F'AO: f1JR ;l':'t, t;;l 

l.100 f!.00 

J •). o.:: 11!.. ~;4 
J.'5.::. ;: J.4'''.:: 

J. L~:t:. e.~:4 

.ll!· • .L l?..O 

:::t.o ~~.(.) 

JOZZ.'5 WU. ,'5 
O.': .. '}•:: o.~1e.~ 

1'5.t.1 147. I) 
J. e.. 0 J.:?. ~· N 

N 

·;11. :: .~·.:i.o 
I:'-

~·:;:. L ·-:.t:• 1·;:. '.;:f,10 I 
.l •••. . , .. I • ~~:3 

~:11~:. e. 343. '5 
!i" • .L ~; .J. 
:;:'J,.O :::::::.o 
7.'.? .t:; 70.7 
t:.o. 4 5~.o 

')') ... ... ~., 17.J 
:: L • 'Z• 16.8 
...... ~ "'t -- .... J.7 • .1 
J. ~: •. ,, J.J. .1 
1).G l.O.~ 
Vi:.7 1.1.0 
·:i.o ·~. ·3 e. •• . ~ '5. t:; 
·'L '3 13 .1 
J .• 31::< J. • :?t::5 
J.. ::c•.:. 1. 127 
J -~~o J .• 2:-:s 

':Ii • .g ·rio.s 
.14. ~· J.0.5 

L0.1 •• ~ '52. 3 

87.0 85,0 
t:.'5. 0 ~. ~.o 
.9::.0 l?.i..O 

')4'5. 0 ::C(J"!. 0 

. • 



F.N•:iIN( 
l'IA~;F 

M•)liEL 
N<• (. Vl 

C.APAC IT Y ·:.: 

f" OR[• 
::voo 
:..: 
.::.%0 

ENl,lNE SPl::.El• <NOMINAL l 

O~s•rv~d l~•J 

•)bs~·-~~~ t·~1··1~~ 

Ob~~rv<i-d SP••1 
ObswrveJ p~wer 

Air tw·mr·•r•tur• 
B•r0111etr1c pressure 

-Cc.rr..-ct1c-r. '·l•'.T~·r 

C .::tr r .: •: t • d t •:•r ·l •J.: 
C<>r r· t' c t • d f• C-W*' r 

Fuel ·>~r.sumed 
11,.•sur t'lllt-r•t t 1mt
F •J e I m • s s • I .; • .., 
E.1.5 .F .C. 
T~erm1l eff1c1er.c, 
Fu•I t,i,n1r·•r1tur• 

N 
Nl'I 

f\P11 
KW 

d•CJ c 
mEt1r 

Nf'1 
KW 

':Jm' 
s•c,~nds 

illlS/S•O: 

""'' /KW/t11· 
% 

d•~ (: 
mm+3 P•Jlllf' deliv•r1/stro:·•• 
m~•' 

St1rt of inj•ction d•9· m11 
min 

m•1n 
St1rt of combustior. d•g. m11 

· min 

I~nitior. d•l•t 

Ignition d•hy 

lftflln 
d•':J 11111 

min 
m••n 

... 11111 
min 

111•1n 

M••· c1linder pr•ssur• b1r 
M•i. pr•ssur• ris• b1r/d•9 

b•r/ms 

Oil t•111F·•r1ture-
W•ter IN t"'"'P•r•tur• 
Wltfor OUT t•mp•r•tur• 
E·~~IJSt r.~mr~··•t~r~ 

d•':J c 
dot9 c 
d•9 c 
1•'3 c 

~000 

L"N•~lNC: "fES I HESIJL.TS 

Fl,IEL 
EMUL'510N 
r•EN:;:l TV K9/ 1 :: 
C Al. VALUE" MJ /I•\'] 

1700 

1EG~N8.~ 
0.849 

3B.~2 

J400 

G7 X LOAD CNomin1l> ZO dot '3 Ee TCIC 

J0.9';• J..L. 32 J 0. t.;:: 
e.,.o ·:-o. s l?.'5. 0 

?O::e J.745 l 4'1~ 
J.., •. 9 .LS.S J.2.'3 

:?'3, 0 29.0 ;'!':1.0 
10:?'.?. -s 1022.5 J.022.!5 

O.'E!S<) 0.98~ o.~B'.:'I 

-'!.7'. 0 8'3,6 r.?.4 • L 
1.,.1:. 1~.4 12. 7 

"50 •. , 49.0 46.8 
.~:·;.. i'.:•O 34.i"90 4.1. 790 

.L. 7 J. 1. 41 1. 1,;:: 
:.::o. 7 :•09.6 :<J.t;. 8 

~.').::. 30.1 ;::•), 4 
32.0 33.0 :.:2.0 
40.l. 38.S :)'/ • 2 
::::::.5 32.3 :•.L.0 

14.9 16.~ 17.) 
l4.7 15.5 lll:.5 
J.4.8 16.0 .17.1 
4.7 ., • 3 8.3 
:3. 7 s. 4 8,2 
4.1 6.6 8.3 

u.o 10.0 9.1 
l.0.2 9.1 8.3 
J.0.7 9.3 8.S 
0.900 0.953 l • 0<\7 
0.835 0,868 o.·35i" 
0.872 0.889 J .• '1.1.8 

7.1. 2 75.4 i'G. 7 
9.8 9.3 9.9 

1.1.9.S 97.4 8'5.S 

87.0 88.0 87.0 
'5'5. 0 49.0 4!5.0 
£.10.0 ;~a .. o 78.0 

~i'"S.O 244.0 222.0 

F'Al'.H'. 11;,; 

C1ATE : .LO 0'5 -~-5 

lL~'!> l Ill UNH•O L4 

[IVN1) TOR1jl.IE FAC Tt:1R -~~ ,.,;1 

J.J.00 800 

1.1.2~ J.0.~li: 

s·.:i.·.:i 137.8 
JJ.32 8.L~• 

.1.0.7 i'. !5 

4:8.0 ;:e..o 
J.O::,'? • '5 10~2.'5 

0. ':!Si' o.~e1 
M •. '3 ·'?·8 ''I 
10.5 7.4 

4P.·. 0 ~2.0 
53.3'.:10 7:•. 580 
o.·;.o 0. i' J. 

307.f' :•42. ~ 
:)() •. !: ::.1 .z 
n.o ~2.0 
"la, l. 41. 4 
3.l .• 8 34.5 

18. '3 18.2 
J.8.4: 17.2 
J.8. 4 J.i",6 
J.1 • .1 J.1. 0 
.LO.') 10.9 
J.1.0 J..L .o 
? .·3 7.3 
7 • .1. 6.2 
7.4 t3 .6 
1 • .1.i"O J..476 
l.047 .L.270 
J..08~ 1.35.l 

79.2 ;e.9 
J.0.8 10.4 
73.?. 5.1..3 

as.o M.O 
4:3.0 42.0 
77.0 ?ILO 

200.0 .L'!t2.0 

'\ 

N 
N 
VI 



.N13INE 
l'lt'.\~;( 

l'IOOK 
N·;· (YL 
CAf'i\( I TY ·:.: 

n:ar<C• 
:.ooo 
;: 
:~-t":O 

(:~•~INf : ... f'fTLI \ NC•l'IIl~l'll. I 

Ot•'>r• v.rd ).;.;ad 
l)bs.;r v•;d t•:•r ·1u·~· 
o~~ .. , v•d sr·•;·d 
Obsoi'r v"'°i f":·w~r 

A i r t e-111r· t- r " t u r .r 
B;ar .:·m~tr 1·: f·r ~"Ssur + 
Corre-ctlOh fact~r 
C •.:-r ,. ~ 1: t • d t ,~r ·1 1.a ,:-

C ·:·r re- c r •"' r.·.: . ..,,.,. 

N 
NM 

RPl'I 
KW 

11-(\ C' 
ml'l•r 

Ul'I 
l':W 

F•J~ 1 -:'-'h'l•Jm~ 1 
1'1••~ •1r "'"'otr1t '1111• 
F IJ ...?" l 1111 .i -, :; .~ l . '"' 
l•.$.F J. 

9m"S 
\t-CC0 r1d\ 

'3111'5/'S".: 
\1111\/KW/tir 

T~~r111;a) ~rr1.:1•~~, 

~ 1 1~ ! tPnt.F· .: rl t 'ir"~ 

P•1m;· 1" l 1v·~r, .'str .:·•.r 

., 

dy9 c 
111mt'3 
m~m!I. 

St~·t of in,•ct1oh d~9. m•1 
mil'I 

me•n 
St•rt ~' co111bu\tioh d~,. ••• 

I") r, 1 t l •)r1 d,; l • ,. d"i 

Iqr.1t1c.r, d•l•1 lllS 

taih 
n14 .,r. 

m•1 
mil'I 

m•an 
m•1 
mi r. 

m••n 

M11 • .:?lindtor pr.r\sur,; bar 
M••· ~r•~sur,; ri~~ bar/d•g 

bar/m\ 

CF! i- !i·m~t:r a.t•Jr-:-
L"'l"-2-r IN t~lftF·,lor Ii f•JI" ~ 

l.·llt•" OIJT t«-mr·,.r•t•1rl" 
E ' "· ~ .• ~- " t ·~· "'F ·~· ,. " t IJ , • ..: 

1oq ( 
~~g ~ 

~~" ( 
d•i c 

-

;:.ooo 

lNGlN~ TEST RESULTS 

FLIEL 
E 11LIL s. I CIN 
C•EN'.HTV Kg/l 
tAl. Vi\LllE MJ /l<\'I 

1700 

1EGDN3.~ 
0.84'3 

3e..i;;2 

1400 

33 ~LOAD INomin1ll 20 dot') IHCic 

4. 5~: 4.43 4.41 
1t:.. ;: 3'5.::S 3!5. ,) 

:.·o·n 1744 1440 
·~ -:-I•' \). '5 '5.:) 

:;~. () 28.0 2i".O 
102~.'5 1022.'5 10<?2. '5 

0.9S'!l 0.9l'7 0. 9S€ 
'3'5."' 3:5.0 :i4.a 

7 .. t:. 6.4 .., •. 
.J. ~ 

31. I> 29.1 z,13. 4 
2'!1 • .,.i'O 34.7'!10 '1.1. ·:1-;10 

1.0'5 0.84 0.\! .. '3 
.,~;-. ;: '1?0.7 11\l.4. I\ 

1-'l. i 19.8 W • .L 
: :· .c 33.0 ~::.o 
:4 .·) 23.0 22.'3 
~0.8 l'.!t.2 18 •. ~ 

.12.i 11.2 
1.1 ""' lZ.3 l.l.J .U.1 

.12. 4 .11. 2 U.7 
.1..2 2 • .1. ::i. t' 
.l.0 2.0 :),0 

l.1 2. l. 3.t. 
11.5 9.2 .'3 . ., 

11.2 9.0 B.J. 
.11. :) 9 • .L A.1 
0.943 0.881 0.94'!1 
0.9J') o. a::rn o,·):::2! 
0.9~:1 0.870 0.940 

t>0.1 t>0.2 t:;0.'.'5 
7 .t-~ S.l ..:: • 'El 

9:;1.0 t>ll. 0 '5'3. 3 

a~.o 8t:.O ~'5.0 

.:::.~.o 37.0 1\0,0 
;·i·' .. 0 71:~.o i'? .o 

1-'3~. 0 11.::;. 0 11\'.'l. 0 

l''Al'.iE 4:-C 

DATE 10 05 ~'5 

TEST ID UNlD01'1 

DVM•) TC•R•lUE FA1:TOR .)::) ... ~1 

l.100 P..00 

., . .,~ ., .::: .... 
3'5.G ;:4 •. ) 

.112~ 807 
4.2 2 '·:1 

28.0 =:7.0 
1022.'5 lO~?Z. '5 

o. ~·m· o. ~e·~· 
:::'5 • .I. ?.3 • .'3 
4.~ :: • ':1 

N 

30. 7 ~J..?. 
N 
O' 

!S?.. ~'30 :"'1 ."IF:.O 
o.~7 0, II~ 

4':•t>.t• !i:::7. t· 
1.'3. ,13 l.?.7 
;?~.o ;:z .o 
24.'I Z4 ,·!1 
::o.3 ::o. i' 

.17 .2 17.Z 
lt>.5 16.3 
lt>. '3 J.$. 15 

'!t.3 1.0.~ 
·:i • .l 10.0 
9.2 J.0.3 
.9. 0 t:~. '5 ..... 
I •• c; 2 .... . ·' 1,::, 1 
.L.18t> 1.344 
1.0b7 .1 • . ·!V!· 
l.141 J..309 

t:~.'3. t:: t>l> • 'S 
'.:l.8 ~.4 

t:~t> • t) 'l"Lt> 

P,.4 • 0 .~2.0 

4'3.0 '5.~. 0 
78.0 ~·:.,o 

I!<'.''· 0 J ':1. 0 

• 



O•> IN!. 
M·"\!-".C: 
H•-•(1r::L 
M:· (YL 

•:C1f··ric r n ·: ·= 

r (1FL 1 

::occ• 

.'.-~\:~O 

E~ilNE SfEED \NOMIN~L> 

:.1~ , •· r v t <I I :·ii d 
1)bs 0.:r· v·J.:t t·:·r ·1 1.1-.:-

1)~~i·r" ... t·d ~(·(·~1 

<l~s-~,·-v·:--1 f-·:·We,. 

•'ll·· t ro11f· •r ii t 1.1r .. 
~ar·~m~tri~ pr~,s~,-~ 

C~rr•ctlo~ f1Ct~r 

( <· ,. r '1' ·: t .r- d t ..:.r -~pJ ~ 
r_ -:·r r <· ·: ~ t d f· (·•~t-r 

.mu: ( l)U[ll TION 

H ,.,.... 
r-:H1 

~:1.1 

d"'l ( 
mfl ~r 

NH 
l·\.I 

Fu.: l •: :·•1'>1.1m.iod 
M•i1s1.1rtom•nt t1mt 
F 'l"' l moil <; \ i l ~·W 
E•.S.F .C. 

')RI\ 

'*"c-: 0 r1d'! 
•)Ill\/;.,..: 

""',. ,~;w ;t .. · 
Th,,.rm•l "'ff1~1•~~, 

F•1tl t"'mf'•r1rurt
P•Jmp d"'l ivtr.'/\tr.:·•"' 

:ltq ( 
mm•·) 
111')•11\ 

St~rt of inj.ioction de'3. m11 
ml~ 

m~~n 

St•rt o' co~bu\tio~ d•'l· m11 
mi~ 

Rlfll'l 
I"Jl'lltl~'n del•y d"''3 m11 

min 
mot&!'\ 

I 'Ir. 1 t l :·fl d t l 1 y "'' m11 
min 

mtlr• 

M~1. C/lird"'r pr"'~~ur.io b1r 
M11. prt\\urt ris• b1r/d•g 

b1r/~' 

'h l t emf· tr 1t1.1rt 
1.h t.;r IN tol'lllf".ior1t•Jr ~ 
Wit~·- OUT ttmf·tr1t1.1rt 
E 1 to. a'" 'Iii t t .;.mr ~,.at •Jr~ 

dt<J c 
d.:-") c 
<1•~1 (' 
1~g c 

UIO:iitlf:" l[';.T l·:t·;,-.1.JLT';. 

Fl_lfL 
EM~.SlON 

DC~iITV K'3/l 
CAL VALUE M~/K~ 

0.00 

0. :<4 
::. .7 

~it\ 

i;-. (I 
.LO~·:::. '5 

o.~·~\:. .... ~ 

.... ·' . ;: 
1 'S. '5 
73.810 
0.2.L 

::::::.Lt~. (I 

2.8 
~:2.c 

J.2. ~ 
10.::: 

J.'5. 5 
.14 .~ 
.L '5. 0 
~.:? 
s.z 
8.5 
7.l 
~ .. "' ... 
1.),5 

l.~58 
J. • :1>3 
.1 • 3::7 

5tLJ. 
i·' .1 

34. 7' 

e.o.o 
'.H.O 
7c .• O 
·:•.'?,. 0 

::o d.i-'3 BTOC 

TEGDN~.~ 

o.e49 
~B.~Z 

F'AGI.. 1\4 

t•ATF. 
TES r lC• 

C•VMO l1)F:l"1Uf.: FA1:.T1)R 

.LO~.~.".) 

IJNilJ(l L4 

;:'5.t·l 

., 

N 
N 
~ 



ENGINE 
M~E 

MVCiEL 
N:· CYL 
CAPACITY .::.:: 

FORD 
3000 
3 
28-~0 

ENGINE SPEED INOt'IINnL> 

Q~1•rv+d lo•d N 
~bs~rv•d torquo NM 
,-,i-~+r v+d sr·••d h:Pl1 
-0~s~rv•d power KW 

(I ir t Nllf" e-r at •Jr • d •'I C 
e"r.··m..,tri•: tr~S,•Jri,!' m9ar 
Corc•ct1on factor 
·~ :·r ,. -:- .:: t • d tor ·1 •J .:- Nt1 
C ~·r· ;·•:tfod f'Col.ic-r KW 

F·,~l ~·:·~,~~·~ im\ 
M•11ur•m•~t t1m• ~•conds 

-J:,,~t m~s~ fl~·w 

~.:.~.(. 
gm'!'•~ 

l)mS/KW/hr 
Thermal •ffi.::1en.::1 
Fu•! temperatur• 
Pum~ deliver7/stroke 
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~:s, e2 

1400 
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31.0 :<LO 31.0 
63.3 .:::., .,. , •' 70.9 
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24.7 2S.4 27. :3 
24.5 :"!~.3 27.1 
24.S 2S. 4 27.'Z 
12.0 14.7 15.4 
1.1. •. '3 .1:) • t) 11.5 
11.~ 14.1 .1'5.2 
12.·:1 12.7 1·') ... ... , 
12.6 11.E- 1.1. • i' 
12.7 12.3 12.0 

J. • OG'S J. .226 1.4'57 
.1.044 l.. l.20 1.348 
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Z?.2 21.'i' 
27.7 2.1,'3 
1€-. 4 111.S 
.LS• '3 l.4.5 
1~. 4 14.t:. 
lJ .• ~ s.o 
10.s 7.1 
1.1. :::: 7.4 

J.. 7~~: 1.640 
J • E-15 1.462 
.1,\i.B7 J..~08 

.10.1. 7 -:t~5 .o 
~~l. i l""" ... ,, .. ·~ 

14'5 "" 
':'i'."l,4 

e .. c:i.o .~.'l. 0 
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.~·::.o -~·"-'·o 
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N· (Yl 
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;: 
:'.~SO 

ENG[N( ~rr.cc• <NOMINAL> 

•)t> \f'r ·. · 1 I :.a~ 
•"tb~t!>r v-:(! t~·r·t•.itiao 

Ot>~E-rvt-1 sr-••ll 
l)b~c-·· \l•~d r•>w.a-r 

Au \ ,;-mp•r at •!r f' 

~~r~m~ti·1·: rr~'~yr~ 

.: <•r r ,. ·: t 1 <• r. fa c tor 
C0rr•cted t0r1ue 
C c•r r r ·: t to d F· -:•w • r 

-~~~l ·~~~~~m~d 

M•a~ur~m~nt tim• 
F 11@! ~l~~ r)ow 
8.S.~.(. 

Thermal eff 1c1enc1 
Fuf'I ~•mpf'rilture 

N 
Nl1 

RPl"I 
KW 

dt-9 c 
mll•r 

NM 
KW 

gm,. 
s•c~·nds 
9m,./sei:: 

')m' /l·:W/hr •.. ... 
p.,,.,.F' aeliver1/str.:>te 

d•9 c 
mm•3 
mgms 

-·.:;tart-->• ir1jection deg. m•1 
min 

mf·iln 
Start 0f comt-ustion d•9· mill 

min 
m•iln 

Iq,..1t1·'" delay 

I·H•l t 1.:•r1 de-l ilY 

deq m•1 
min 

me•n 
ms m11 

min 
mt.in 

Max. c1i1nder pressure b1r 
Ma<. rr•ssur• rise b1r/d•9 

bar/ms 

:• 1 I t tomr· t'I" at ur t' 
.... •~,- (N temf·erat•Jre 
Wat<t-r- (11_1f t.:-n1f-erat 1J,.-• 
~- 'r-. ~ 11 ~ t t t!!mf' ,,,,.. at 'Jr~ 

de9 C 
d~q (' 
d<''] i: 
d.;o'J ( 

::.ooo 

C::NGl NI:" TEST r<f:Sl.IL TS 

FUEL 
EMULSION 
DENSITY K9/l : 
CAL VAl.UE MJ/K~ 

l.700 

TEl3DN:~.9 

O.S4'!i 
38.E:z 

HOO 

S7 % LOAD <Nomln1l> <"?~ dto9 EtfCIC 

l l. 37 l.0.41:; 11.41 
'-"1.0 ·'3:3. 8 ·::.1. ·3 

;-;rn::: J.?38 J. 4::7 
J.'3. 4 15.3 1·3. ti 

;::<:i .o 29.0 ~~s.o 

lO.~.::. '5 1022.:5 102·2. !j 
0.9~.9 0,989 0.98? 

')0.0 82.8 '30.:Z 
19.2 15.1 l:<. 5 

s.::.·3 48.9 '.'5"" •') ......... 
.:;t. ~·90 34. 7~•0 42.390 
1.7~ 1.41 l. 2.3 

:;::<1. :;: 335.'5 ::::'!~.l 
,?.'3. 1 2"" • .'J 2.s. 3 
:;:2.0 32.0 :;:3.0 
41.6 38,8 41.5 
34.7 32.3 :::4.5 

21.0 .Z2.0 Z-3. '.'5 
20.9 2l..O 22.? 
:Zl.O 21.1 23.0 
9.1 10.l 12.8 
·'3. 3 9.9 12.0 
t\. 9 l.0,0 12:.S 

12.;- 12 • .i. 10.8 
l.l.. e. l.0.8 9.9 
12.0 11.7 10.4 

J .• 042 1.1'5'5 J..263 
0.969 1.038 l.159 
0.966 1.120 J .• 219 

8''> •") ...... 8:l.2 85.4 
.1.2.G J.2.S 14.5 

154.0 131.4 12::::. 9 

·:.o.o 90.0 '.:)0.0 
'54. 0 4!3, 0 4'5. 0 
P.O.O ;~;..o ;-·~·.o 

27.t.O 237.0 2'$;":. 0 
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DATE 10·0'.'5.8'.'5 
TEST I~ : UNI0015 
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0. ·if.'3 0,6'3 
3:?,'5. 6 '.;:3'5. :-1 
~7. ·'3 27,S 
':<:<.O 33.0 
41 • .l. 40.7 
34.3 :<3.9 

24.'5 'Z?.. ~ 
23.8 ~1.8 
:.?4.3 22.3 
14.? 14.6 
13. \) J.3. 7 
l.4.4 ...... 1 
10.? e.s 
~.2 7.5 
·;, .. ~ 8.2 
l.571 .1..819 
.l..344 1.542 
J .• 438 1.698 

85. :) 81.:3 
J.5.5 J.1.1 

105.7 53.9 

~\.!.\,O e.1.0 
4'5. 0 46.0 
e.o.o P.-0.0 
:~n.o .L'!l'S. 0 

., 
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i- t:(" ! t E-mf' '"r- flt •Jr.;.. 
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NM 
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KW 

~fo'I c 
ml.'lat 
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t·:w 

~ms 

~~(~·n1~ 

qm~/se~ 

1rus/~W/hr 

•~~~= ~~11~~1-1/itr·0k~ 

de-~, ( 
mmi'2' 
mc_l:"'S 
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mi r. 
meai1 

.; t a~ t ·=· f ·: -:•m h 'J s t l v r, d \?CJ • ma 1 
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me;in 

I 'l"l t 1·:·n 1~1 a1 dcq max 
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~-.0 
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16.5 
l.6.9 
6.6 
S.4 
6.5 
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e.oo 
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.3 
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3.0 
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J.O.S 

20.9 
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NN 
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KW 
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1·:w 
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F•i-•l m•ss fl .. ~w 
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2000 

ENGINE 1 f.S I l~ESUL 1 S 

FLIEL 
DISTILLATE . 
DENSITY K9/l : 
CAI.. VALUE 11.T /l•:g 

J.700 

DIST J.00 
o .. 949 

42.7~ 

J.1100 

lOO % LOAD <Nominal> .\ .. 'J. d~'3 DTC•C' 

18.89 20.H 19.~1:;: 

1'51. ~"! .tGl.O 15'3.G 
203i:.'o 1?14 14:1;: 

3'> .... ....... Z-'3. ·3 2'1. 3 

n.o 32.0 ::::::.0 
1021.5 1021.'5 10::?1.5 

0.994 0.'.394 0.99t: 
1'50." 1.::0.1 .1'59.0 
32.l 28.I' 24.:! 

s:z.13 86. t) ·'3'3. 1 
30.000 3'5.390 1\1.790 

2.iS 2.45 l .1:::: 

30~.t> 306.'5 3J.i1 • i' 
27.2 Z7.'5 :ZS.5 
30.0 32.0 ~3.0 

t>4.S 68.'5 70.!'5 
54.2 57.l '5.9. g 

18.2 19.1 19. '3 
.1.7.4 1-:..0 .1.9.2 
17.7 19.1 19.1?0 

S.2 10.l .1.0.9 
7.3 9 • .1 10. ·'3 
7.7 9.t:> .10.8 

10.9 10.0 9.1 
~.3 ~·.o e.. 4 

10.0 ·~. 4 13.9 
o.~.ae 0. ~1)8 1.047 
0.758 0.877 0.9G4 
0.818 0.91G .1 .025 

90.8 95.5 '3€:. •J 
13.S J.4. 3 .12.4 

16t~ •. g 147.1 10.~!.. 0 

.e,3.0 94.0 '!14.0 

5'5.0 t:~I? .• 0 .;;·.;t.O 
w~.o ~.7.0 !Yi" .0 

4.!0.0 4i.:: .o 400.0 

~ 
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PAGE 4'::1 

DATE 14/S/$S 
TEST ID : UNID016 

DYNI) T1)RQl.fE FAC-rt)R :::is .i=;1 

J.lOO e.oo 

l'!l.42 19.1\0 
1S5.'5 J.5!j. :3 

l142 i"\3';1 
11.'·. 1;; 13.t:; 

·:::o.o 30.0 
10::?1. '5 1021.5 

0.991 o.~J. 

.I '54 .1 1!'5:),•,:i 
.LS, I\ 13.'!5 N 

""" N 

'!f.-?.~ ')1.5 
•j::. ~ ... ~ .. o ?.L.71!00 
J.,'?~ 1.:27 

'.;:40.9 3::-:9.2 
24. 7 24.8 
3:::.o :.2.0 
i':3. :3 i'2. g 
€'1.1 i::o.e. 

20,'3 14.S 
~~0.8 13.9 
20.13 14.4 
.1.2.8 '.:•.2 
11.'3 9.1 
.12. !) '!•.1 
s. ') !5. 5 
e. .l 4.8 
8.:3 !5 .3 
l .• 30.1 J..091 
1.1713 0. •3!5!5 
l.:WS .1. .0'52 

913.G 8'3.0 
.1•1.1 '.;1.4 
·;.s. s 1\7.!'5 

~·=! .o ·'Vil.O 
e.g. o E:7.0 
ei;;;.O e.s.o 

;:i::o.o ·:::~:·,?. 0 

• • 



EM•HNE 
MAl·:t:: 
l"IOOEL 
Ne- ( YL 
CAPA("lTY c•: 

FOR rt 
3000 
~. _, 

~-~~o 

01r.~·1( Sf'(E.[1 !NOMINA•_ > 

Ob~~rvt-d lo•d 
0b~~r·v~d tor·tu~ 

Obst-rv~d ~P••d 

Ot~~·v•d pow~r 

Air t••r·•r·•ture 
~Jr0m~tr1c pressurv 
Cc.rr•'Ctl<•n 6"•ctc•r 
·~ <:>r r ~-= t• d tc-r ·~•J ~ 
( vi" r ;. •: t t- d p C•lolt' r· 

N 
N"I 

Rl'·M 
KW 

d•~ c 
111e•r 

Nl'I 
KW 

F·J~ l •:c-ns•u••d 
M••~•Jr•mt-r•t titnt
F•J•I tnJS~ fl~~·~ 

tl.S.F .C. 

9111s 
s•cQnds 
<:i•S/S•C 

CJlll\/KW/hr 
Therm•l ~r.-1cienc, 
Fu•I t•mpt-r•tur• 
Pump dotliver1/str-o•• 

d•9 c 
nuu·) 

lllCJlllS 

Stirt of injection d•'J· m11 
,.in 

meiln 
St1rt of coNbustion d•9· ••1 

min 

I9n1tion d•l11 

J9,..1ti<>n d•'•1 

de9 

•• 

m••n 
mill 
min 

m••n 
mil1 
min 

m•iln 

M•1. c1linder pr•ssur• b1r 
M•z. prt-ssvr• ris• b1r/dt-9 

b•r/ms 

01 l t•111r•r1tur• 
W~t•H It.. t~"'f'•rat•u"• 

·w•t•r OUT te•p•riltur• 
Ezt'.~·H•t t•"'f'•r•ture 

dc:o9 c 
d•i c 
ll•CJ c 
d•<:i c 

2000 

EMGTNE TESl f.:E~-UL l~: 

FIJE"L 
PISTILLATE : 
DENSITY K9/l : 
CAL VALUE l'IJ'/K9 

1700 

OIST J.00 
O.M·:i 

42.75 

1400 

67 ~-; LOAD I Nomi n• l l l!?. dv':i BTOC 

J.(). 82 J.O. St' J.l. 4'!1 
86.7 SS. '3 ·:r.?. 0 

:-:044 J.732 .1438 ,L.,. 6 15.S 1:3,., 

30.0 30.0 2:'!•. \.., 
1021.0 lOZl.O 10:.?l.O 

0.992 0.992 0.990 
85.'3 86.2 '31.0 
J..,.4 15.S l:<.7 

45.l 44.0 4'5. 5 
2'3.790 34.990 42.190 

l.5J. 1.2s J..08 
Z96.3 289.G :·s~:.2 
28.4 z-:-.1 2·.:i.7 
3:!.0 33.0 ~:2.0 

35.5 :34. 9 3S.O 
29.6 29.0 30.0 

12.9 13.S 1'5.5 
12.S .1.3.7 J.5.4 
12.8 13.7 15.5 
2.8 4.7 S.6 
2.s 4. I) 6.5 
2.8 ".s S.5 

10.1 9.2 9.0 
9.8 9.0 8.8 

10.0 9 • .1. 8.9 
0.820 0.881 1.043 
0.798 0.8S7 1.02:3 
0.8.1.4 0.876 1.035 

69.?. 7i.'3 75.0 
8.S 9.2 J.0.6 

10'5 • ., 95.3 91.8 

90.0 <:11,0 ~·o.o 
52.0 4'5.0 40.0 
e.::~. 0 82.0 £1.L.O 

269.0 2:~9. 0 226.0 

r:·AGE '50 

DATE · 14/8/8~ 
TEST ID : UNIDOJ.6 

DVNO TORQUE FA1'.:TOR ::i'5 • 1!;1 

J.100 e.oo 

10.3'!1 11 .• !59 
.~) .. ~ ·:.z .13 

J.127 e.35 
9.e 8.1 

::~· .o 28.0 
10;.?1.0 1021.0 

0.990 0.988 
82. 4 '!11.7 
~·. 7 e.o 

41. ') 4:!l. '5 
•n.~90 7::: .180 

O.?.'!. o.~o 

~B9.5 270.7 
z·:- • .1 :::1.1 
'32.0 ~:1.0 
:3:3. :3 34.6 
27.7 28.9 

16.4 12.7 
1$.4 .12.0 
16.4 12.6 
~.1 s.~ 
8.4 6,S 
9.0 6.S 
7. ') 6.2 
7.2 5.5 
7.4 6.0 
l.175 .1..23'i" 
1.070 .L .103 
.1.099 1.203 

?'6. 5 70.4 
10.2 9.2 
6'3,0 46.0 

ee.o 86.0 
40.0 39.0 
81.0 81.0 

191>. 0 1·9'.0 

'\ 

N 

""" """ 



ENGINE 
MA~~F 

MODEL 
N~ ( Yl. 
CAPA(ITY •:•: 

FOR[I 
3000 
::: 
;::.<3i;:o 

ENfJINE sr:·EEC• I NOMINAL> 

O~s~rvtd loAd 
•)b~~rv~~ t~r1~~ 

Ob~••vtd \f'tP~ 

0bs•rv~d ~ow~r 

AH ttlllP•H 1tur-e 
~~r~metr1~ pr~,s~1~~ 

C~rr~CtlOl'I flCtOr
C'or-r-~cttd tor-1~• 

Cor rPO::Tt'd p·:•"'Pr-

N 
Nl'I 

Rf·M 
l\W 

d<-~ c 
mEt•r-

NM 
1·:W 

F 'h' l 0:-:>l'ls•Jllh~d 
11tl5~r~mtl'lt Tim~ 

F•1•l 11\I\\ f}<:•W 
E•.S.F .t:. 

illl\ 
\tCOl\d\ 

-Jm\/\tc 
9m\/l•.W/r1r 

Th•r1111l err10:1~1'10:1 
Futl ttmptr1tur-e 
Pump d~ltver-1/stroae 

:~ 

d•'l C' 
mmt3 
m9ms 

St1rt •H lF•j~·:tion d•CJ· m11 
min 

ftltll'I 
St1rt or combustiol'I d•!J· m11 

mil'I 
m•1n 

Iqr.1ti~'" d•l•T dt9 

Iqr 1 t1c•l'I d•lll' lft\ 

m11 
111in 

111~11'1 

lllil I 

min 
m•ll'I 

l1J1. c1lind•r pr~s\ure b1r 
M11. ,,...,,ur• ri\• bar/de') 

b1r/m' 

01 l t•mr-t-r-1t11re 
W J ,. .... !~I r "'-.mr• .,.r- ~ t" •n· ~ 

WA t e .' 0:••.11 t fo lllJ' <- r 1 t u r <" 
"=-' t', ~ 111. f t , .. l'Tlf· ~,... • t •Jr~ 

dt-!j ( ,, ...... 
dt-9 c 
l'.l.ao'J ,. 

zooo 

EMGINf£ lf.ST r~ESl.ll. TS 

FLIEI. 
DISTILLATE 
DENSITY Kg/l : 
CAL. VALUE l'IJ /l·:c:i 

1700 

DIST 100 
0.849 

'\2. 75 

l.400 

33 X LOAD <N~mil'l1ll 113 d·~'3 IH[I( 

4.44 4.55 4 ... .,. 
·'' 

3'5.'5 :313. '5 ·~a. z 
::o:.::-: 17::4 l'l::i' 

7.S 11;,t:; '5. 7 

~9.0 :;:~1.0 :::s.o 
l021.0 1021.0 1021.0 

0.990 0.990 0.988 
~-~ 3t).l ';li".i" 
7.S S.5 "J.~ 

27 .13 27.0 ·2~.o 

::9.990 35 •. l~•O 1\2.390 
0. 9:3 0.7'? o • .;1 

1\45.9 423.9 :::~11.s 

lS.9 19.9 21.'5 
~2.0 32.0 :.:'!. 0 
21.9 21.4 20.1) 
1~.2 11.8 1·· " ' ... 

·:i.5 10.1 12.1 
9.3 ~·.5 12.0 
~.4 10.0 12.1 

-1.0 .4 3.9 
-1.S .1 :) • 0 
-J..4 .3 3.4 
lJ.,1 9.9 9 .. t 
10.4 9.1 a.t: 
10 •. g 9 .1 8.7 

0.901' o.~I)~ J. • 062 
0.8'5'5 0,S!H 0. ·~'55 
0.887 0.940 L .OlS 

5'5. '5 S7.9 t)O.S 
5.S t:;.5 7 .~· 

~-9. "I 13:7, I) t)i" • ,9 

e.s.o B'.'.i.O e.r.o 
"'.<. 0 ::~ .o ?,t;! •• () 

e.l.O i".'•. 0 ,..~,I() 

J.~'I .O lt:.;•. t) 1 'H. 0 

• 

r~nGE '5l 

CIATE 14/S/8'5 
TEST ID UNIDOl~ 

OVN•) TC1RQLIE FACTOR : 3'5 • ll:l 

J.100 e.oo 

., • '51~; 4.'51 
'3$. 'S :<i; • l 

.UOI> t\1~ 
4 .-. :3 • .L 

28.0 27.0 
1021.0 10~~1.o 

o. -,e.8 o.~e1 
3$.l :~.i" 

1'.1.2 ::oe.O 

2-9. ·~ .::.;., ·~ 
54 .':i':tO ;·4.1e.o 

O.'.S;? 0. :;t'5 
444,S 41~1. 0 

l·'·'.ll .'.!0.1 
31.0 :•1. 0 
Z2.4 Z0 • .9 
J.B.? 17.4 

1'5. 4 1.l.'3 
.13. I' .u .o 
14.t:: u.:? 
7.4 5,'5 
s. !5 '5.' 
t:i.~ S.5 
s.o I)' 4 
i'. 2 '.5 .5 
?.? .,,? 
.L. 2.LO .L. 3.L :-~ 
.L. 0'3.1 J. .1·2:3 
I.. Lt:;O .L. l~I' 

~'5.4 !5'3. '3 
C) • 8 l:),'i' 

154.?' :n.s 

l?-1\.0 s:• .o 
?.4. 0 ,,~.o , .. , ... () i'.~ .o 

l ~.;;. 0 l.:. ;· ,0 

• ' 

., 

N ..... 
~ 
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..J ... 
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~ ~·-· ~ 
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c 
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t/1 

w z ..... 
·~ 

i' 
1..: 

z 
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H 
I
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'!' 'O ~ 

'O t" • 11 
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El'~3INE 

11AKE 
MODEL 
N(' C'YL 
CAPACITY 0:0: 

I _ORD 
$000 
:< 
;.?.~t>O 

ENr>INE SPEED IN(IMINALl 

Obs•rv•d load N 
Obs•rv•d tor·1•1~ Nl'1 
Obs•rv•d tP••d kPM 
Ob,erv•d pow•r KW 

Air t•mp•ratur• d•'l C 
~1ro111etric pr~s1ur• 111~ar 

Corr•cti~n 'actor 
Cc:-rr•ct•d t.:-ri•1v Nl'1 
Corr•ct•d p~w•r KW 

F~•l con,um•d 9m1 
l"l•11ur•m•nt tim• svcc•nds 
F~el 111111 'low ~1111/t~c 
~.S.F.C. qms/KW/hr 
Th~rmal ~''ici~hC/ 

Fu•I t•mp•r1tur~ 

P•Jmp d~l iv•r;r/,tro•• 

:-; 
d•!I c 
IMlt3 
mgm1 

Start o' inj•ction d•'J· m11 
mi r1 

mean 
Start o' combustion d•9· m11 

Iqr1ition d•ll:>" 

I9n1tion d•l17' 

min 
m•1n 

de9 ma1 
min 

m•1n 

"'' mil1 
min 

m•an 

Mai. c1lihd•r pr•t,ur• bar 
Mu. tr•stur• ,. i'• b1r/de9 

bar/mt 

Oi I t•mpf'r•ture 
Wat·~r IN t•lllf'~rat•Jre 

Wlto!'r 0Uf t•111p•r1tur• 
E1~1•11t te111F·er1t•1"• 

d•'I c: 
deq i: 
de9 C 
d-!o"I ·~ 

ENt3Hll~ TESl 1;:ESl.IL 1::. 

FLIEL 
El1l.ll..SION 
DENSITY K9/l 

E25/3.~TEQDN 
0.84d 

CAL VALUE l'IJ"/K' 37.t>S 

2000 .1.700 J.400 

t>7 X LOAD IN~mt~1ll 18 d•g F.1Tt1C 

.Ll..Z'.$ J..L.00 11. L3 
13•;:, • ') g,Cj. 1 8°:1.1 

.::025 17:<2 J.l\~S 

J.•:- • .L .11>. 0 1:).:) 

2·;1.0 28.0 28.0 
10:.?0.0 1020.0 1020.0 

0.990 0.989 0.9Bt;. 
~I';). 0 87. 1 ,Cjg, l 
.1.8.9 .1.5.8 1.:c.2 

5:.?. 4 50.:) '50 •. l 
2~.990 34 ,!•~O 42.3':t0 
1.75 1.44 1.18 

333.2 ~2?.~ 3Z:<.O 
l8.7 :.?·:i. z. 2'3 • t> 
29.0 30.0 :::o.o 
~.L.:) 3°3.8 ')•:;.. 7 
34.5 :<:<. 2 3:-c.1 

l3.7 13.8 l!'S.4 
13.0 1:-C.7 J.4 .8 
13.4 .1.3 •. Cj 1'5.1 
2.9 4.7 7.3 
~.8 4. s I). 4 
?. .8 4.S t~. i 

10.8 ·:-.2 ,Cj. ~j 

.1.0.2 'r•.O ~',6 

10.S '3.1 8. !5 
0.892 0.8811 1.043 
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ENGINE 
MKE FCIRl• 
HQ[EL : 3000 
N(\ C:VL : 3 
CAPACITY cc · 2860 

ENGINE SPEED INOMlNALl 

Obs •H' Yf'd lC>il d 
Obsotrvotd tN"'lu• 
Ot-s•rv•d sr-•~d 
Ob s.:r ved p, ... w.i-r 

Atr t•111P•r1tur• 
81ro••tric protssure 
Corr•ct1on f 1ctor 
Corr•cted tor·lu• 
Corr•ct•d pow•r 

N 
NM 

RPM 
KW 

d•9 c 
m1.'11r 

NM 
KW 

F•a l .::onsu111.iod 
M•1sur•111•nt t1•• 
F•Jel 1111ss flo:-w · 
3.S.F.C. 

'JlllS 

st-conds 
91111~/s••: 

9ms/~:W/hr 
% 

d•CJ (: 
111111+:3 
m9ms 

Th•r•1l •fr1c1•nc1 
Fu•l t•111P•r1ture 
Pu111p dotlivotry/stro•e 

St1rt ~r inj•cti<>n de9. 11111 
min 

me1n 
St1rt of combustion d•9· 11111 

min 
m•1n 

Iqnlt l('n dotl 11 d•g 11111 
min 

111e1n 
I-3n1t1on dotl11 ms 11111 

111in 
m•1n 

M•1. cylin~•r protssure b1r 
Hit. pres~ur• ris• b1r/d•9 

1>1r/111s 

01 I temp•r•turf' 
l.l~t~r I!ll te111per1t•Jre 
W~t•r OUT t•111per1ture 
E1h•1J~t t~mp~r•t~r~ 

de<J C 
de~ C 
d+g ( 
de~ 1: 

ENGINE l f.ST M~SUL. TS 

FUEL 
E11ULSION 
DENSITY Kq/l 
C:AL VALUE MJ /10:9 

E25/3.~TEGON 
0.848 
37.6~ 

2000 J.?00 .l400 

33 X LOAD <Nomin1ll 1., d• 9 l,'IT[ll~ 
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'i'.8 t:; • '5 ~.1 

31 •. 9 '30. 2 2.9 • .l 
29.~;10 34. ~·~o 42.590 

l.0.9 0 • . '31) o.-.>s 
496.~' llSO. t~ llb~I, b 
19.2 J.·,;, • .,, 20.4 
31.0 30.0 :::~o.o 

2,.2 23.'3 .,..~ ·~ ....... ,~ 
21.0 l'El,9 .18.5 

'),:) 10. 1 10.1 
9.2 9.3 J.0.1 
9.3 '3.8 10.l 

-.1.4 .3 2.0 
-l.7 .".? 1 •. t 
-.1.S ~, ... 1.8 
u.o 10.0 13. ·::i 
J.O.S ';1.0 a.o 
10.S ·:i. \) ,, . ) 
o.ae.7 0.91>0 1,01\~ 

(). 859 0,.9.,;;13 o.·:i·~r1 

0.875 0.9Z4' 0, 'E•l~S 

,7.1 '3!3. 2 !5·'!.. ·::· 
6.3 6.0 7.2 

78.0 S2.8 til. '3 
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Elll'HNE 
MKf. 
MODEL 
No CYL 
CAPACITY o:o: 

FORD 
3000 
3 
2860 

ENGINE SPEED INCIHINAL> 

Obs•r-v•d load 
Ob'O•r-v•d tc-r·lue 
Obu•rv•d spe•d 
Ob'Oer-v•d po111er 

Alr t••P•rature 
Bar<'metric pr•ssure 
Corr•cti-·• filCtc-r 
Corr•ct•d .vr<1•Je 
C<>rrect•d po111•r 

IDLE CONDI f!ON 

N 
Nt1 

RPM 
KW 

d••] (: 
1118ar 

Nt1 
~;w 

Fuel COllSU••d 
M•a'Our•111e11t ti111~ 
Fuel •1ss flc-111 
8.S.F.C. 

•}lllS 

sec<•nds 
<J•s/s•c 

CJ1115;t:W/tir 
Ther1111l effici~11c7 

Fuel t•.,•rature 
Pump dellvery/stro•• 

., .. 
d•CJ c 

111111+3 
lllCJlllS 

St1rt of i11j•ctio11 deg. 11111 
•ill 

111ea11 
St1rt <>f co•bustion d•CJ• 11111 

min 
mean 

_I9_11t_tion delay deg 111a1 
min 

me1n 
Ignition del•r .. , 11111 

111in 
me1n 

M11. cylinder pressur• bar 
M11. pres,ur• ris• b1r/d•CJ 

b1r/ms 

Oil t•111reratur• 
Wat•r IN t•111perature 
Water 01.JT t•111p•r1ture 
F:•h••Jst temper•C•Jre 

deg C 
de9 C 
deg C 
de'3 C 

ENGIN~ TFST R~SUL IS 

FLICL 
EMULSION 
DENSITY K9/l 
CAL VALUE MJ·;~:g 

e.oo 

0.34 
2.7 
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•') ... 

2o.O 
1020.0 
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.2 
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74.420 
0.21 
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:5 .o 
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:5 • ., 
'.5.7 
J .• :?66 
1.115 
1.171) 
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33.0 
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92.0 
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E25/3. ";tTE::GDN 
0 • . '34.9 
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Ph.G.l - An overall view of the diesel engine test bed 
and fuel evaluation test equipment RS used for this 
UNIDO project. Photograph shows the data aquisition 
and control computer and the other instrumentation 
sitting on the hot air box,at left, the dynomometer, 
centre and the diesel engine to the right . 

.. • • .. 

N 
~ 
0 



,,---~~ 
.-· 
Ph.G.2 - Close up view showing the Hewlett Packard 868 
computer and the Apace Research Ltd interface (black box) 
with the dynomometer partially visible on th~ 

right hand side. 
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Ph.G.3 - Fuel mass measurement system- showing a 
2 litre glass beaker containing emulsion 

> 

sitting on a Mettler electronic balance. Fuel 
feed pumps are visible to the left. 
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Ph.G.4 - This photograph shows the video screen of the 
computer displaying the many variables measured by the 
instrumentation as well as the selectable control 
functons along the bottom of the screen(inverse video). 
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Ph.G.~ - Another view of the video monitnr with the 
PLOT fun c t ion s e 1 cc t c tl , <lisp 1 a y i ·1 g the c y 1 ind er 
pressure an<l needle lift traces. 
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