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PREFACE

This report presents the work undertaken by APACE RESEARCH LTD.,
to evaluate the performance of a Diesel Engine when fuelled 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 for Ethanol can be

achieved with minimum engine modification.

The report describes a test programm= 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 resulis are described. The signific ance
of the results are discussed and recommendations for further
dctivities involving vehicle trials and fleet tests in Developing

Countries are presented.




Explanatory Notes

Besides the common abbreviations, symbols and terms, the following

have been used in this report:

ARL
BTDC
deg
ION
kPa
1bf
NM
rpm
SFC
TEGDN

Apace Resesrch 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 commercial products does not imply

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

ALCOHOLS AS FUELS FOR UNMODIFIED DISSEL ENGINES

* The use of alcohols as extenders of gasoline fuels has 1led to
significant implementation of "gasohol™ in several countries
(e.g. Brazil).

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

* Distillate is an income producing fuel having a vital role to
play in the agricultural, goods and product transportation and
industrial sectors thus further strengthening the need for a
suitable extender.

* 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 o0il or refined distillate.

* Ethanol production for fuel 1is 1labour 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 economizal stable blend of hydrated
ethanol and distillate, i.e. "diesohol".

* Apace Research Ltd. has developed an effective distillate/
alcohol emulsifier technology that, for the first time, enables
the practical and economical blending 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:
152 ethanol - No engine modifications or ignition improver
required.
25% ethanol - No engine modification required, fuel and/or

timing re-adjustment may be desirable.
Ignition improver required.

307 ethanol - No ergine modification needed in majority of
cases, however some fuel injection equipment
may require modification. 1In some cases new
fuel injection equipment will be required
leading vv possible engine changes.

Etnanol substitution in 2xcess of 30% is not recommended for un-
modified existing diesel engines.




At the 15X substitution level rapid and flexible implementation
of a diesohol technology is possible and can be follewed by the
gradual introduction of higher substitution levels.

Patents have been granted for the technology in five countries,
including the United States and Australia, and futher patent
applications are pending in 30 other countries.

Agreements have been made with two ma jor international companies
- Albright & Wilson Limited and Shell Internationale Research
Maatschappij B.V. (Shell).

Albright & Wilson has besn granted a world-wide non-exclusive
licence to produce and market the Apace ecmulsifier and
diesohols.

Shell has been granted a world-wide 1licence to undertake a
research and development programme covering optimisation of
diesohols.

Shell has also been granted tha right of first refusal to the
second world-wide non-exclusive licence to commercially produce
and market the Apace emulsifier and diesohols.




ABSTRACT

= ====

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 1limited road test wusing a Toyota
Landcruiser was also performed.

It has been previously shown that increasing the alcohol content
of an alcohol/distillate blend (including emulsion) decreases
both the ignition quality (cetane number) and the calorific value
of such a blend. In a diesel engine th2 effect of the rformer
leads to knock or quench but can increase the thermal efficiency,
while the latter results in a ower drop.

Previous tests and subsequent discussions with major ergine
manufacturers have indicated that an ethanol/distillate emulsion
containing 20Z 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 157 v/v
ethanol without :gnition improving additives.

The purpose of this project was to evaluate 1ignition 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 optimum
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 757 of that recommended by the
supplier for use with ethanol as the sole fuel in diesel engines
and it may be beneficial to reduce this cuantity 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 characteristics,
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 sacrifice some performance for smoke free
exhaust., The timing using the emulsion cculd therefore be set to
the optimum and ome of the loss of performance due to the lower
calorific value regained.




ETHANOL/DISTILLATE EMULSIFIED BLENDS IN DIESEL ENGINES.
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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
private sector and in addition has a capacity for internally
funded research in these and other 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 of 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 1limitations 1imposed by the

transport c¢f large quantities of biomass feedstock, alcohol
for fuel production 1is effectively a 1labour intensive
industry and provides real opportunity for effective
decentralisation in developed nations and a strong base for
third world countries.

* Compared to coal and o0il shale conversion to synthetic
hydrocarbon fractions, alcohol production is not capital
intensive. Furthermore, in the case of methanol produced
from ron-renewable resources, 1i.e. natural gas or coal,
it's cost is already competitive with petroleum based
fuels. Methanol is also availabtle as a by-product from coal
or natural gas to synthetic gasoline processes, for example
Sasnl 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 resuvlt in
cumulative increase of atmospheric carbon dioxide.

* In order to avoid competition for land for food production,
more effective land wutilisation 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 industyvy generally.
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In the applied sense, the research effort of A.R.L. has been
directed towards resolving thre2 major criticisms of the fuel
alcohol industry. These are :

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

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

* The lack of a 1iow cost and effective waste treatment
process for fermented biomass.

While patent applications have resulted from work in all three
areas the main marketing effort to date has concerned the A.R.L.
technology for extension of distillate with alcohols. That
technology also constitutes the subject of the UNIDO funded
proiect reported here.

2. EXTENSION OF DIESEL FUELS WITH ALCOHOLS

2.1 Background.

Since even hydreted methanol or ethanol are eacsily made miscible
with gasoline, such blends received world-wide attention and in
several countries significant "gasohol" programmes are under way.

However, because of a nunter of hitherto technical difficulties,
the widespread use of alcohols in diesel engines has not been
realised. This has created impediments to future fuel alcohol
industries in a number of ways

Studies on the economic feasibility of alcohol fuels have
been 1limited to considering the wuse of alcohols in the
gasoline market only.

Because of increasing demand for distillate world-wide, and
because of the relatively inflexible ratio of gasoline to
distillate in the refining operation, cracking to satisfy
digstillate demand results in gasoline surplus or lower
quality distillate. If alcohol substitution occurs only in
the gasoline market the refinery balance 1is further
aggravated.

Since the great bulk of fuel consumed by income producing
activity 1is distillate, alcohols have, by default given
added importance to other alternatives exclusively for
distillate, such as esterified vegetable/ animal oils/fats.

However it should be recognised and stressed that for the
gasoline and distillate markets a common extender for either
market as the situation demands is highly desirable.
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A.R.L. has developed a technology whiclk enables the practical and
economic blending 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 :

At a national level, the direct substi-ution of
domestically produced alcohols, from whatever source, for
imported 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 1increasing 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 market 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 term, 1indications are that <critical problams of
refinery balance and efficiency of operation will be
encountered d71e to a rapidly increasing market demand for
distillates and lead 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 1is 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 produce more aviation turbine fuel
without greatly wupsetting 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.

2.2 Technology Description and Research and Development
Rationale.

Opportunities to use methanol or ethanol directly as distillate
extenders, as opposed to their 1iandirect wuse in esterified
vegetable o0ils, continue to arise on both 1local 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, snch opportunities , and the optimum level of alcohol
substitution are often the subject of particular sets of
circumstances «#hich in themselves are subject to change.
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Thus, maximum flexibility in the level of alcohol substitution is
an important consideration 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 wused 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 extended
transport fuels into the estabiished infrastructure, blends to
about 15Z by volume of alcohol are usually of prime interest. As
to the available <choices 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 combusticn chamber wunder those
conditions where extended ignition delay would otherwise occur.
Such svstems have been shown to work, but the costs to retrofit
existirg engines are considerable, and there 1is 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 1is that the successful use in engines of
blends containing in excess of 157 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 of
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 1is 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 0.05Z(vZ)
water in the mixture causes phase separation. Since even so
called "anhydrous alcohol" often contains at least 0.5 (vZ)
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 1is also economical in wuse and
environmentally acceptable. It also exhibits compatibility with
distillate only operation and high tolerance to water ingress.

The precise composition of the surfactant 1is still ©proprietary
but it essentially consists of a mixture of a poly
{ethyleneglycol-styrene) copolymer and a poly(butadiene -styrene)
copolymer. Thus only the elements carbon,hydrogen and oxygen are
present.

In terms of physical chemistry of the emulsions, there are two
types:

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

Distillate as the dispersed phace 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. CONPARISON OF CURRENTLY AVAILABLE METHODS FOR ACHIEVING SUBSTITUTION IN EXISTING DIESEL ENGINES

Z ALCOHOL SUBSTITUTION

0] 10 20 30 40 50 60 70 80 90 100
D TUEL CHEMTCne EMULSION DALCO CHEMICAL EMULSION PLUS IGNITION/CETANE IMPROVER
(Modification of Low cost, ! Increasing engine modification required
alcohof f9EI to suit Uandlﬁled enginest Dezreasing compatibility vith diesel only operation
the.ex1st1ng diesel CQmpat1b1e wlth. | Increasing engine development costs
engines) dlesel.only engine Water tolerant over whole range
operation. !
Water tolerant !
g anicAL MECHANICAL EMULSION PLUS IGNITION/CETANE IMPROVER
DUAL FUEL AND
) MECHANICAL ;
MODIFICATION Installation needs
APPROACH comprehensive mods: As for chemical emulsion plus ignition/cetane improver !
- to fuel system, . Complication of fuelling with two different fuels I~
High installation
(Modification of costs. ! :
existing diesel :
engines to suit
alcochol fuel) ASPIRATION

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

DUAL INJECTION

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

SPARK IGNITION SYSTEMS

Not compatible with diesel only engine operation. Fuel may require
lubricant additive. High engine development costs.
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2.3 Commercial suitability criteria: -

-

- To enable the use of lower cost hydrated alcohols containing to
at least 107 by volume water.

- The contribution 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 1low pressure ultrasonic
homogeniser to achieve a dispersion of hydrated alcohol in
distillate.

- Total surfactant concentration to be less than 17 (w/v) (i.e.
less than 10 grams per litre of blend).

- The raw materials for the manufacture of the compounds
comprisiag the surfacrant to be common, widelv available and
low cost.,

2.4 Physical suitability criteria:

- On storage, which ensures minimum loss of ethanol by evapo-
ration, stability towards phase separation tn be in excess of
12 months,.

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

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

- To be physically stable at high pressure and temperature. This
is particularly relevant to the 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 surfactant not to adversely affect any mechanical
components, lubricating oil, etc.

The surfactant not to release unacceptable pollutants wupon
combustion.




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 wuse of ignition
improvers. It was concluded that, on the engines then tested,
202 substitution was the limit. Since then, however, further
testing with different engines reduced this level +to approx.
15%. This lowver figure is more acceptable to engine
manufacturers.

The objective of this project was to establish the maxiuum level
of ethanol substitution possible, by the addition of siitable
ignition improvers to emulsions to reduce the degree of knock anc
quench resulting from the use of ethanol in excess of 157 ,
without incurring high fuel or engine modification costs.

3.2 Project Work Program

* Establish the effect of different types of 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 substitution
possible for existing unmodified diesel engines.

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

3.3 Main Findings and Main Conclusions

Two commercially available ignition improvers were tested, one
(Isooctyl nitrate (ION)) 1is already widely used to improve the
ignition quality of distillate, and the other (Triethylene-
glycoldinitrate (TEGDN)) 1is specifically formulated for use in
diesel engines modified for 1007 ethanol.

It was found that ION did not reduce ignition delay and knock to
any great extent when wused in the recommended quantities (0.2
-0.4% of the emulsion) but projections show that somewhere around
0.8- 1.07%7 could give acceptable results in a 20%7 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 3.12Z of the alcohol content of the emulsion.
Therefore the percentage needed for, say, a 252 emulsion would
constitute 0.78% of the total emulsion volume.

3.4 Dies2l 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 dcegrees 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 maximur 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 1in cylinder pressure between the two
extreme fuels (these being emulsion + 0.627 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 1in excess of 6 bar. The effect of the different fuel
type on engine cylinder pressure is more significant at 1lower
applied 1loads but of course the pressures are also much lower.
An example of "tailoring” the maximum cylinder pressures of an
alcohol emulsion 1is also shown where almost identical cylinder
pressures are achieved throughout the load range for distillate
at 20 degrees and 25%7 ethanol emulsion containing 0.78% of TEGDN
at 18 degrees static timing.

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 1in 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 farctors. The
inter-relationship 1is quite complex. 1In the exampie selected a
12 degree change in timing changes the rate from 19.1 ¢to 11
bar/deg vnder full 1load conditions on distillate which |is
equivalent to a reduction of 42.6%Z. A load change from full load
to 1/3 1load at 20 deg using the same fuel reduces the rate by
47%2. The highest rates of pressure rise are obtained wusing the
E20 emulsion with no ignition improvers. The addition of TEGDN
to the 207 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/TEGDN at 138 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|D(ST|TEGDN|E25/TEGDN
Full 89.8/88.6 196.2(97.1/95.9 [103 | 1C2 96.9
2/3 66.8|69.6 |75.4178.8{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 207 v/v hydrated ethanol and
no igniticn improvers.

TEGDN= Emulsion containing 20% v/v hydrated ethanol where
the alcohol contains 3.1%Z TEGDN.

E25/TEGDN= Emulsion containing 257 v/v hydrated ethanol where
the alcohol contains 3.1%7 TEGDN.

LOAD = These are nominal loads only_,and FULL,2/3 and 1/3
are for identification only, hdéwever 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 rpnm.

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

STATIC TIMING[ 14 deg 20 deg 26 deg i8 deg
LOAD DIST|TEGDN|DIST|E20 |TEGDN|DIST|TEGDN|E25/TEGDN
Full 11 |10.8 |15.7|22.2] 15 119.1}|20.2 14.2
2/3 8.2] 8.3 [10.7]13.7] 9.9 ,14.1|14.5 11
1/3 6.8] 4.5 | 8.3]10.21 6.9 | 9.6| 8.9 7.2

Notes: As per Table 2.




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 commencement of injection (as
determined by needle lift diagrems) and commencement of
combustion (determined by the inflection of the cylinder pressure
curve). Although the Apace equipuent has the ability to
determine these times, we 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 shows the ignition delay 1is mainly affected by
injection timing (over the 12 degree range). The load has very
little effect at more retarded timings, but has a gsignificant
effect a2t 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 3 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 37.66MJ/kg from 42.75MJ/kg for
distillate ( an 11.9% drop) the torque is actually decreased by
only 3.22 (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%Z of TEGDN) and 14 deg
timing where the reduction is even less.

It should 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 torque (NM)

STATIC TIMING[ 14 deg 20 deg 26 deg 18 deg
LOAD DIST|TEGDN|{DIST|E20 |TEGDN|DIST|TEGDN|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 constant volume
cycle and the «closer the approch to this ideal the higher the
thermal efficiency. That an emulsion containing no ignition
improvers ( such as the listed E20) should exhkibit higher thermal
efficiency can be readily explained by the first two factors i.e.
later start of combustion and higher rate of pressure rise. The
same cannot be stated for the E20 emulsion containing TEGDN and
thus any efficiency improvement must be attributed to improved
combustion.

Table 6. sets out the efficiencies cbtained wunder 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 807 of full load is also very much in
evidence under all conditions.

TABLE 6. Thermal efficiency (%)

STATIC TIMING[ 14 deg 20 deg 26 deg 13 deg
LOAD DIST|TEGDN|DIST|E20 |TEGDN|{DIST|TEGDN|E25/TEGDN
Full 27.4129.2 |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({20.1 [19.2]20.4 20.4

Notes: As per Table 2.

Specific fuel consumption.

The thermal efficiency of the cengine heat cycle and calorific
value of the fuel determine the specific fuel consumption.

Table 7. 1lists the values of the specific fuel <consumptions
obtained and the interaction of efficiency and calorific values
observed. Thus it can be seen that 10072 distillate because of
its high «calorific value tends to exhibit the lowest specific
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fuel consumption even when 1its efficiency is low compared to the
emulsions. Where the efficiencies between the fuels are s.milar
(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 deg 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| 317 301} 329 323
1/3 412} 462 410] 450] 464 439) 456 470

Notes: As per Table 2.

Toyota Landcruiser experience.

The Toyota vehicle fitted with a 6 cylinder H series 1indirect
injection engine was down on power when operated on a 20%
ethanol emulsion containing .62%Z 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.

Observations made of the cold starting ability indicated that
cold starting was much easier using the emulsion fuel with
ignition improver than with distillate. Apart from the fact that
the glow plugs needed to be used for 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 the road did not reveal any
necessity for re-establishing the power output, the engine
operated smoothly throughout the load aid speed range. At no time
was any black smoke emitted.

3.5 Conclusions on the results obtained

It would be inappropriate to make any firm recommendations based
on the results obtained. However it <can be stated with
reasonable confidence that 20%, probably 257 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 :

¥ 152 ethanol substitution- No engine modificatioas and no
ignition improver required.

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

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

* 307 ethanol substitution- No engine modifications required in
ma jority 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 307 would not be recommended
as fuel injection equipment modifications would be required in
virtually all cases. The ethanol/distillate emulsion may also
require 1lubricant in addition to ignition improver and
emulsifier.

4. POTENTIAL FOR INDUSTRIAL/COMMERCIAL APPLICATION.

The apparent stability and oversupply of crude o0il existing at
present would seem to indicate that the emulsion technology would
have 1limited 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 1is causing a serious glut of alcohol in
the market place. This situation will not be improved when the
Middie East mega-litre methanol plants come on stream in the necar
future.

Distillate can be considered as an income producing product
having a wvital role to play in the agricultural, industrial and
goods/product transportation sectors. This is especially true in
developing countries where the ratio of distillate 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.

Apace 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 Eelgium

Scuth Africa Mauritius France

Israel New Zealand Federal Republic of Germany
Japan Republic 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
Malzysia
Singapore
Fiji

Negotiations in relation to 1licensing the technology have
culminated in the granting of a world-wide non-exclusive licence
to Albright and Wilson Ltd.(UK), 8 major international chenical
company, to manufacture, use and sell the emulsifier and the
emulsions.

The right of first refusal for the second such licence has been
granted to Shell (Netherlands).

Governments and/or organisatiuns interested in implementing the
techno®ogy should contact either or both of these organisations.




5.

ENGINE PERFORMANCE TESTS.

TEST ENGINES.

All preliminary test work to establish the effec
the selected ignition improvers was conducted
Ford 3000 ergine located in the Engineering Depar
at Hawkesbury Agricultural College.

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

a. It was used on p - evious methanol projects and
proved itself tolerant to a corsiderable degr
abuse (i.e. knock).

b. A complete engine 1is available as a s
including Fuel Injection Pumps and Injectors.
parts are available locally at reasonable cost.

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

Table 8.

Specification for Ford 3000 Test Engine.

Make Ford

Model 3000

Type 4 stroke,direct injection,
naturally aspirated.

No. of cyl. 3

Bore 106.7 mm (4.2")

Stroke 106.7 mm (4.2")

Displacement 2860 cc (174.5 cis)

Comp. Ratio 16.5:1

Firing Order 123

Max. No Load Speed 2175-2225 r.p.m.

Idle Speed 600-700 r.p.m.

Compression pressur:

@ 1000 r.p.m. 38 bar (550 p.s.i.)

Injection Timing The injection timing was
arbitrarily set to 20 deg

Injection Pump D.P.A. 3233Fl161

Injector Yozzle BDLIL.150S6443

Opening Pressure 185 atm

t of
on a
tment

this
ones

has
ee of

pare,
Spare

art
fuel
and
Max
.p.m.
full
8.

B.T.D.C.




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 parameters 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 1ift 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 systeas.

The investigation of the effects of different fuels
having widely differing ignition characteristics is
hampered by the existing manual methods 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 offer 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 anplied load.
The dynamometer is still however manually
operated.




(2) Fuel consumption measurement 1is mass based and

(3)

(4)

(5)

(6)
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comprises a Mettler PE3600 electronic balance
equipped with a 2400 baud serial interface. Fuel
flow to the weighed fuel container is controlled
by a solenoid valve wunder instruction from the
computer. An electric pump delivers the fuel to
the engine.

A Kistler Type 6123 Piezo-electric pressure
transducer 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 1is to reduce <cylinder head
transmitted vibration to the pressure transducer.

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 measuring system produces a voltage propor-
tional to the needle 1lift,

leated air is supplied to the -eugine from an
airbox fitted with a thermostatically controlled
heater and recirculating fan. The sirbox has a
volume of approximately 2 cubic metres and 3ir s
drawn out of it at a rate dependant on engine
demand.

Thermocouples are used to measure :emperatures of:

a. Engine cooling water inlet

b. Engine cooling water outlet

c. Sump oil

d. Fuel o0il inlet

e. Air inlet 150mm prior to the inlet manifold

f. Air box

g. Exhaust gas approximately .5m downstream of
the manifold.

h. Cooling tower water in

i. Cooling tower water out.
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(7) The data aquisition and instrument system is under

(8)

the control of a Hewlett-Packard 86B 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 1limitations
imposed on us by the delays to complete the
project it was not considered worthwhile to

re-write the programme in machine language.

Equipment described above 1is conventional in
nature, however 1in order to make the best use of
it, it was necessary to design and build a special
interface. The interface is based on the S100 bus
and briefly consists of :

a. 16 bit address bus

b. 16 bit data bus

c. 4 1/2 digit A-D converter 1is used for the
measurement of all slow changing signals such
as thermocouples with a maximum conversion
speed of 330mS. A demultiplexer allows
differential signals to be 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 cignal., The conversion
rate is in the region of 25 micro-seconds.

e, An 8 bit A-D converte. 'sed to convert the
signals from the Ne 1ift amplifier to
unipolar binary code and 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 1is unipolar, an offset voltage is
applied at the input so that only positive
voltage 1is 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 1is 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 grads when

cylinder pressure and needle lift are to be
measured and stored 1in 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.

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

All the counters are preset to their initial
value (data in the 1latches for the down
counters, zero for the up counter) by a trigger
signal from the computer.

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 2f the
cylinder pressure, The memory address 1is
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 1initial wvalue
(zero) by the trigger signal from the computer.

Electronic switching is wused for the RS232
signals so that single serial interface cf 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-I0 interface to cater for a plotter
drive.
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(9) In order to synchronise the aquisition of the high

The

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 with
some counters can therefore determine the
crankshaft position within a combustion cycle to
within one grad. (0.9 deg = 1 grad)

measurement methods are fairly simple and operate

in a number of different modes. These are :

(1)

(2)

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.

Beginning of injection mode.
The purpose of this mode is to aquire needle 1ift
data during the 1latter part of the compression
stroke and early part of t“he 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.




(3)

(4)
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The programmed default parameters are :

a. One sample only

b. Grads delay set to 150 grads

c. Grads measured set to 100 grads. These can, af
course, be altered by entering the required
data into the computer. This allows the study
of either short term or long term changes in
engine parameters by varying the sampling
period.

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 wused to determine the start of
combustion from the cylinder pressure data. It is
then a simple matter to establish the iznition
delay from the time and number of revolutions both
in terms of time and crank angle.

The additional default parameter is the number of
revolutions and 1is sct 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 set
which enables, at the completion of the measuring
cycle, for needle lift and cylinder pressure Jdata
to be graphically displayed on the computer
monitor. Additionally the commencement of
injection and combustion are marked together with
grad marks and top dead centre.

Full run.

This mode is selected when the engine has reached
correct specified operating conditions such as

a. Water temperature

b. Oil temperature

c. Air inlet temperature

d. e.t.c

and the engine spced and load have been set and
stabilised.

The following sequence takes place when this mode
is entered :

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




ii.

iii.

iv.

vi.

vii.

viii.
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A calculation is made how many readings of
engine load and all temperatures (i.e. how
many idle loop equivalents) can be made within
100C revolutions at the speed obtained in (i.).
This determines how many readings of these
parameters will be taken during the full run.
This figure ic however deliberately limited to
five and if neccessary the computer will enter
into a wait state to achieve ~qually spaced
readings.

The fuel feed to the fuel measurement system is
switched off and a wait period of five seconds
initiated.

The counter latches are set wup with 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.

The memory address counters are set to zero.

The RS232 port conrected to the balance is
selected and the buffer registers in the serial
interface cleared. Twe consecutive readings
from the balance are read by the computer and
the first one rejected, the timer 1is 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) fuel line pressure at
every specified grad and storing the data in
the relevant memory locations.

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.

After the specified number of revolutions have
been completed an interrupt is generated by the
interface and the computer responds to this by
checking that the balance RS232 port is still
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 conmences
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 during
this series of tests as vast quantities of data
were collected and it was preferable to process
the data in a less hostile environment.

x.The conputer now re-initialises all setup
parameters back to the idle loop conditions
and restarts that loop.

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

¥ 3900 data points for needle lift

3900 data points for cylinder pressure

*¥ 3900 data points for fuel line pressure(when
available)

*

* 5 applied load readings

* 50 temperature readings (5 of each measured
temperature)

* 2 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 1includes
such items as Test 1ID, Fuel ID, Fuel density, Fuel
calorific value, Date, Record I[D, 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 different loads at S
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 1is 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).

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. Led. (UK). It 1is 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
(96Z) alcohol produces a fuel for use in specially
adapted diesel engines. Thus the TEGDN content
amounts to 327 of 137 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 prepared containing
different amounts c¢f ignitior improver and their
engine performance was compared with that of 190%
distillate.

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. ION | Density L.cv. T
)4 4 4 gm/cc MJ/Xg
DIST 100 100 .849 42.75
E20 30 20 .845 38.83
E20/.2I0N 79.8 20 .2 .845 38.33
E20/.4ION 79.6 20 4 .845 38.83
TEGDN
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| 30 19.22| 0.624 .849 | 3862
E25/3.9TEGDN| 75 24.03| 0.78 .8438 37.66
NOTES.

1. Distillate was supplied by Mobil
2. "Ethanol” was Industrial Methylated Spirit supplied by
CSR Ltd. and contains 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 quoted as 13.2 MJ/Kg and
the density 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 ION the identification is simply
expressed as the alcohol volume and [ON volume in the
emulsion. Thus E20/.2I0N = 20% hydrated ethanol+
0.2%2 ION +
79.87% distillate.(% by volume)
For emulsions with TEGDN the identification is expressed
as non-distillate volume and percentage of non-alcohol
constituents of the non-distillate volume. Thus
E25/3.9TEGDN= 257 non distillate components +
757% distillate
where the 25% non distillate component comprises
21.17 hydrated ethanol +
3.9%2 non alcohol components
and the 3.97 non alcohol components comprise
3.127 TEGDN +
0.78%2 stabilisers, lubricants and anti-
corrosive agents,




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 1load (nominal)
1/3 1load (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 recorded.

* Engine speed

* Dynamometer load (5 readings)

* Nett fuel consumption (1 reading over 1000 +

engine revolutions)

Air inlet temperature (5Sreadings)

Air box temperature (5 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 comnlete engine revolutions.

L B B B B BE BE BR NE BR BN

The method adopted for the aquisition cf 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 water temperature was
stabilised at about 80 deg C. outlet, 50 deg C inlet,
sump o0il 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 1load -2000 rpm
-1700 rpm
-1400 rpm ~
-1100 rpm
- 800 rpm
3. 1/3 1load -2000 rpm .
-1700 rpm
-1400 rpm
-1100 rpm
- 800 rpm
4, 1dle - 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%Z ethanol
emulsion containing first guess quantities of ignition
improvers to a 20% emulsion with no igrition improver,
and 100% distillate. First guess quantities were 0.2%
and 0.4% ION in the emulsion then 2.1% and 4.2% TEGDN
in the alcohol phase of the emulsion. All of these
fuels were tested at the static timing of 20 deg BINC
to establish the effect of the ignition improvers.
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
preferred ignition improver was then compared to 1003
distillate at various injection timing swings ranging
from 6 deg (engine) retarded to 6 deg (engine)
advanced in order to establish the optimum timing.
Once the ignition improver, its quantity and the
optimum timing were thus established an emulsion &
containing 257 ethanol plus ignition improver was
prepared and compared to 100% distillate.
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ENGINE MATRIX TEST RESULTS.

All engine test results are presented separately in:
Appendix 1.,"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 becn corrected for atmospheric
pressure only since the air inlet temperature was
maintained 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 und rate of pressure rise.

The emphasis in this report ( and indeed of the
specialised instrumentation ) is therefore directed to
these aspects rather than the more conventional ones
of torque, power, specific fuel <consumption and
thermal efficiency. These have not been igncred in
the analysis, but the weighting given to them is less
than would normally be tne case.

Definitions of some of the terms used

Three different loads have been used 1in the engine
performance and these have been arbitrarily called
Full load, 2/3 load and 1/3 load. The actual 1loads
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 1bf) or torque
of 89 NM. applied at any speed.

1/3 load-This is a load of 4.49 N (1.0 1bf) or torque
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.




- 38 -

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

FIG APl to AP24 show the necdle lift and cylinder
pressure diagrams obtained on the initial fuels
tested. These were:

* Distillate FIG APl -AP4
* E20 FIS APS  -APS *
*¥ E20/2.6TEGDN FI3 APY -AP12

* E20/5.2TEGDN FIG AP13 -AP16

* E20/.2I0N FIG AP17 -AP20 .
* E20/.41I0N FIG AP21 -AP24

These diagrams show the repeatability of the
needle 1lift and cylinder pressure taken evecy 3060
engine revolutions (Note that while five actual
readings were taken every 130 engine revolutions,
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 hizher
speeds and variable at the low speed, low delivery
(i.e. 1idle) conditions. Please note that only
the commencement of needle 1lift is taken into
consideration and not vertical separation (which
is to some extent influenced by the self tuning
characteristics of the transducer system used ).
Considerable changes in needle lift, for exampla
FIG AP8, 1indicate fuel celivery variations
resulting in significant changes in combustion
characteristics. This would be expected for the
CAV DPA pump which exhibits a variable
commencement of injection with load. This coupled
with metering being accomplished by throttling
leads to substantial changes in the amount of fuel
injected and dynamic timing, The effect is
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 1007 distillate and E20 at '

different speeds and loads.
At full load there is virtually no difference ina
max. pressure with any of the fuels. At part loads
the percentage difference 1is greater but the
actual pressures are reasonably close between the
fuels,
The start of injection at full and 2/3 1loads
within the 800 to 2000 rpm speed range i3 almost
’ completely independent of the emulsion used. 100;
distillate shows a departure from the other fuels
only at 800 rpm exhibiting 2 deg of retard.




- 39 _

At 1/3 load there is a considerable change in the
dynamic timing at 1400 rpm  for the two fuels
containing TEGDN ignition improver. Apart from
this point the behaviour of 100%Z 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
€an 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 1007 distillate and the two
emulsions containing TEGDN. The E20 enmulsion
shows a considerable change in the start of
combustion being much later than the other three
fuels. Although the 1/3 1load 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 certainly
affected by fuel type. The worst (i.e. one
exhibiting the highest rate) beirg the E20
emulsion and the best being the E20/5.2 TEGDN
emulsion. The difference is mnst obvious under
full load confitions at the higher speeds. At 2/3
and 1/3 1load the difference between 100%
distillate and the two emulsions containing TEGDN
is much reduced.

IG AP31 to AP33 show the effect of 1load at
various speeds when using emulsions containing
TEGDN compared with F20 emulsion and 1007
distillate.

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 1007 distillate at
various speeds and loads.
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ION emulsion fuels.

The max. cylinder pressure, max. Tate of
pressure, start of injection and combustion for
the emulsions containing ION are compared to E:0
emulsion and 100%Z distiliate 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. <c¢ylinder pressures are almost identical
at the full load conditions at all speeds for all
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 1is seen at the
higher speeds under full load conditions. Start
of injection for the full and 2/3 loads is almost
identical throughout the speed range for all the
emulsions, some deviation occuring when usiag 1007
distillate at 800 rpm. A similar phenomenonm takes
place at the 1400 rpm, 1/3 load condition to that
obtained with the em:. :ions containing TEGDN i.e
the start of injection vz similar for the 1007
distillate and E20 emulsicn while the ignition
improved emulsions are similar to each other but
are somewhat retarded with respect to the 1007
distillate and E20.

Fuel delivery, Torque and Specific fuel
consumptiorn (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 bz noted that the method of obtaining
the fuel delivery 1is indirect. The actual fuel
used is measured gravimetrically, then its volume
is calculated from its known density at 15 deg ¢
and the fuel pump inlet temperature. The volume 30
calculated 1is then divided by the number of
injection strokes during the measuring period.

The maximum torque is again very similar for each
of the fuels the maximum difference occurs at 2000
rpm amounting to 5%, while the difference for the
rest of the speed range is reduced to 2.5%. The
S.F.C. for the cmulsions containing TEGDN (FIlG
AP43) shows an apparent high variation, however
the effect of the figure scaling must be noted and
in fact, the greatest difference shown bhetween the
E20 emulsion and the 120/5.2 TEGDN enmulsion at.




(c)

_ 41 -

1400 rpm amounts to only 2.54. The emulsions
containing ION (FIG AP 44) show even lower
divergence in S.F.C. between the various fuels.

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

TEGDN emulsion fuels.
FIG AP45 to AP48 show the effect of applied 1load
(torque) on the above three parameters at three

different speeds with the wemulsion containing
TEGDN.

Typically it can be deduced that 1007 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 TEGDN emulsion.
Efficiency varies with the torque and the fuel
used e.g. at full and 2/3 1loads, (all speeds),
maximum efficiency 1is attained with the E20
emulsion while the 1007 distillate shows minimum
efficiency at full loads only.

Specific fuel consumption is dependant on the
efficiency and fuel calorific value and therefore
1007 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 1is more
evident at part loads than at full load.

FIG APS51 compares the fuel delivery, efficiency
and S.F.C, under full load conditions directly
for the four fuels, 1007 distillate, E20,
E20/2.6 TEGDN and E20/5.2 TEGDN, and the three
speeds.

ION emulsion fuels.

FIG AP48 to APS0 depict the variations 1in fuel
delivery, etfficiency and S.F.C. against applied
load (torque) at various speeds with the emulsions
containing ION,

Once again 1007 distillate 1is required 1in the
least amount compared to all the emulsions to
attain any given load although wunder full load
conditions the difference between any of the fuels
is negligible. The three emulsions E20, E20/.2I0N
and FR20/.4I0N have almost identical performance
throughout the load range at the three speeds
selected, the exception being 2/3 load at 800 rpm.
where greater delivery of K20/.4I0N is required to
attain the desired load.




- 42 -

The three emulsions (E200, E20/.2I0N and E20/.4I0N)
exhibit higher efficiency under wost loads and
speeds, the only exception being the 2/3 load, 800
rpm conditiva using E20/.41I0N.

Again the specific fuel consumption of all the
emulsions is higher than that of 1007 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, 1007 distillate, E20, E20/.21I0N,
and E20/.4I0N, and the three speeds.

Based on the results obtained it was projected that
the optimum ignition improver would be TEGDN in the
ratio of 3.12%7 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 1007 distillate. Although it
appeared that ION could be made to match at full 1load
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 1.07 of the
total emulsion., Note that these amounts would be

greater than those required for emulsions containing
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 1007
distillate datum and a full performance matrix test
was carried out at 14 deg, 20 deg and 26 deg BTDC
static injection timings for both fuels.

Opportunity was taken to evaluate the repeatability of
results over long term for the 1007 distillate used as
reference.

The results for this series of tests were as follows:

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

FIG AP53 to AP76 show the needle lift and cylinder
pressure diagrams for Lhe ¢two fuels and the
various static timings.
* 100%Z Distillate 20 deg BTDC FIG APS53 - APS¢

"

* 14 deg BTDC  FIG APS57 - APGO
* " 26 deg BTDC  FIG AP61 - APG4
* E20/3.9TEGDN 20 deg BTDC  FIG AP65 - AP6S
* " 14 deg BTDC  FIG AP69 - AP72

* " 26 deg BTDC FIG AP73 - AP70
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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, 1low
speed or idle condition.

100% Distillate fuel.

FIG AP77 to AP79 are 1included to observe the
repeatability with time using 100% distillate on
these parameters. Some difference is observed 1in
the max. pressure at full load this amounting to
5.5%Z at 2000 rpm where minor timing change
occurred and 872 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 1load 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 B0OO rpm condition both the max.
rate of pressure and 1ignition delay tend to be
proportional to the static timing and they
increase as the timing is advanced.

FIG AP86-AP88 are presented to show the variation
in mnax. 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 sensitive.

The ignition delay shows very 1little 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 (FIS APR3
-APS85S, APB9-AP91, APY6-API9S) are virtually
identical for those obtained on 1007 distillate
with the exception that the timing change from 268
deg to 20 deg has a greater effect on anax.
cvlinder pressure under full load coanditions.

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

100% Distillate.

The delivery at 2000 rpm varies by a max of 473
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 BTHC.
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 AP9Y3.

FIG AP100-AP102 show the delivery required to
attain a given part load condition at difterent
engine speeds. It can be noted that the aajor
effect of timing on all the paranmeters (delivery,
efficiency, specific fuel consumption) occurs at
full 1load conditions. This is shown more clearly
in FIG AP106 where the delivery, efficiency and
S.F.C. are plotted directly against the stati=z
timing for the various speeds.

E20/3.9 TEGON emulsion.

(FIG AP100) Delivery is practically identical to
that obtained on 190% distillate however the
torque does not increase at the same rate with
change 1in the timing. At 26 deg BTDC the torque
for both the 1007 distillate and E20/3.9 TEG)Y
emulsion are very similar but at 14 deg BTDC the
torque at 1100 rpm is 5.7% lower on the emulsion
than on the distillate. Specific fuel consumption
follows suit being 5.7% higher on the emulsion ar
1100 rpm at the retarded timing.

FIG AP103-105., Typically the thermal efficiency of
the F20/3.9 TEGDN emulsion is higher than that for
1007 distillate at all specds and loads in excess
of approx. S50%, at comparable timing secttings.
Below the 50% load the therwal efficiencies for
both the distillate and emulsion are identical,
Although the thermal efficiency using the enulsion
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is at no time lower than that for distillate under
identical conditions, the emulsion specific fuel
consumption 1is higher than that for distillate
under almost all conditions with the exception of
full 1load 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 100X distillate
and E20/3.9TEGDN emulsion is highly desirable to
obtain best torque, efficiency and S.F.C. Excessive
smoke 1limits the static timing to 18 deg BTDC when
using 100Z 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 1lift and cylinder pressure diagrams
are shown in FIG AP108-APl111 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 147 (FIG AP116-
AP118).

FIG AP119-AP121 show the variation in ignition
delay, max. rate of pressure and max. pressure
with torque at different speeds. The ignition
delay is identical for 1007 distillate and E25/3.9
TEGDN emulsion and the max. cylinder pressures
are very similar. The maximum difference between




5.6

_ 46 -

the two fuels occurs in the max. rate of
pressure, however, as already pointed out in the
previous paragraph this increase with the emulsion
amounts to a maximum of only 147.

(b) Fuel delivery, Torque and Specific Fuel
Consumption (S.F.C.). FIG APl122

The fuel delivery using E25/3.9 TEGDN emulsion is
marginally higher than with 1007 distillate
throughout the speed range wunder full load
conditions with the exception of 1700 rpm 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 rpn
using the E25/3.9 TEGDN emulsion and amounts to
6.92. From consideration of <calorific value and
actual fuel deliveries, the reduction 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 5.47.

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 delivery of
the E25/3.9TEGDN emulsion 1is required to attain
the same torque as that obtained with 1007
distillate.

The efficiency at loads exceeding 50%Z 1is almost
always higher with the emulsion the only exception
being the 2/3 load condition at 800 rpm. BeloV the
502 1load the efficiencies of the two fuels are
very similar.

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 also
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 ({actors, either
physical or economic.
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The FORD 3000 engine used in these tests exhibited, on
100Z 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 1is suspected that
with more developed engines, the extent of performance
improvement will be reduced over that obtained with
the FORD 3000 engine.

It is to be expected that performance in terms of
torque (power) will be reduced in some proportion to
the calorific value of the fuel and hence, in the case
of emulsions, to the amount of alcohol present. 1In
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-
ad justment 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%Z. 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 77 power drop when changing from 100%
distillate to the E25/3.9 TEGDN emulsion with the
static timing optimised.

Should the application demand that full power be
restored then the fuel delivery would have to 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 1is to
increase the injection rate.

[t would seem that increasing the injection period 1is
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 1injection
period could cause late cycle burn to occur in some
engines. This would result 1in 1loss of thermal
efficiency and high exhaust gas temperatures.

Engines fitted with in-line fuel 1injection 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 407.
There may however be rare applications where the
additional fuel is 1injected over 3 sensitive cam
radius with resultant high cam stresses.

Increasing the injectinn period on a DPA distributor
type pump results in a chanpe of injection timing and
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this timing change would 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 sone
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 1lead to high can
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 would affect the
torque curve shape of the engine.
Increasing the fuel pump delivery by increasing the
fuel 1injection 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 pumnp
would be required. This method, even in its simplest
implementation could be considered as economically
unsuitable.

5.7 CONCLUSIONS ON ENGINE PERFORHMANCE.

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

* The amount of TEGDN required 1is determined by the
ethanol content of the emulsion. The optimum amount
of TEGDN is considered to be 3.127 of the hydrated
(95%2 v/v) ethanol. Please note that for a 157 ethanol
emulsion there is no requirement for an ignition
improver.

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

¥ Although not commented upon elsewhere, noise levels
using the emulsion centaining TEGDN were comparable Lo
those using 100% distillate.

6. TOYOTA LANDCRUISER.
A Toyota Landcruiser Model HJ 45RV-KCQ fitted with an Il
series engine (indirect injection) has been used by Apace
Research Ltd. for the evaluation of a nuaber 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 problens
have been experienced during this period and average road
operating fuel consumption was virtually identical for
both 100% distillate and 15% ethanol emulsion (12.5
km/litre). Cold starting, althoupgh always satisfactory
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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%
jistillate and 15% ethanol emulsion. The warm wup 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, a road performance test was carried
out.

The fuel selected for this test was E20/3.9 TEGDN where
the 207 ethanol content of the emulsion ccntained 3.12%
TEGDN. It was considered that this would probably be the
most widely used fuel where 1little 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 tne 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 acceleration 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
example the time for the 60 to 80 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) 1is not reflected 1in 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 km/hr 30-60 60-80 30-90 60-90
DIST 100 3.22 11.65 6.39 18.04
E20/3.9TEGDN 3.50 12.175 7.445 19.62
E20/3.9TEGDN 8.23 11.4 6.9 18.3
(0.25 mm rack

ad justment) |

o > > ot t am e . > > . - - " D —” - - - ot an = > = e " - ———— - > i > " - o —— — — — -

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 as much that glow
plugs needed to be us.d for shorter periods (approx 507)
at any given ambieut temperature and there was an almost
total absence of the cold start knock,
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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
mninor 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 =9andertaken in developing

countries to:

- Make potential users aware of the availability of
emulsion technology.

- Deronstrate 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 50 units. These
units should be based within a limited area of 20 km
radius =z.d have an operating range of 50 km. A furcher
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 manufacturer 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 a4 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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8. APPENDICES
- 8.1. Engine Results Curves

FIG Title
APl Repeatability of Needle Lift and Cyl. Pressure DIST 100 2000 rpm
APZ 11 " 11‘00 ”n
AP3 ” ” 800 "
AP4 " " IDLE
APS " E20 2000 rpm
AP6 " ” 1400 "
AP7 ”" " 800 "
AP8 " " IDLE
AP9 " E20/2.6TEGDN 2000 rpm
AP10 " " 1400 "
API 1 ” " Sm "
AP12 " " IDLE
AP13 " E20/5.2TEGDN 2000 rpm
AP14 " " 1400 "
APl 5 ” " 800 "
AP16 " " IDLE
AP17 " E20/0.2I0N 2000 rpm
AP18 " " 1400 "
AP19 " " 800 "
AP20 " " IDLE
AP21 " E20/0.4I0N 2000 rpm
AP22 " " 1400 "
AP23 ”" " 800 "
AP24 " " IDLE

Effect of TEGDN on Start of Injection, Combustion,

Max. Pressure and Pressure Rate v rpm
AP25 DIST 100, E20, E20/2.6TEGDN, E20/5.2TEGDN Full load
AP26 " 2/3 load
AP27 " 1/3 load

Effect of ION on Start of Injection, Combustion,

Max. Pressure and Pressure Rate v rpm
AP28  DIST 100, E20, E20/0.2I0ON, E20/0.41I0N Full load
AP29 " 2/3 load
AP30 " 1/3 load

Effect of TEGDN on Start of Injection, Combustion,

Max. Pressure and Pressure Rate v Torque
AP31  DIST 100, E20, E20/2.6TEGDN, E20/5.2TEGDN Full load
AP32 " 2/3 load

AP33 " 1/3 load
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. FIG Title

Effect of ION on Start of Injection, Combustion,
Max. Pressure and Pressure Rate v Torque

AP34  DIST 100, E20, E20/0.210N, E20/0.410N Full load
AP35 " 2/3 load
AP36 " 1/3 load

Effect of TEGDN on Start of Injection, Combustion,
Max. Pressure and Pressure Rate v Fuel Blend

AP37  Full load, 2/3 load, 1/3 load 2000 rpm
AP38 " 1600 "
AP39 " 800 "
Effect of ION on Start of Injection, Combustion,
Max. Pressure and Pressure Rate v Fuel Blend
AP40  Fuli load, 2/3 load, 1/3 load 2000 rpm
AP41 " 1400 "
AP42 " 800 "
Effect of TEGDN on Injection Pump Delivery,
Torque and S.F.C. v rpm
AP43  DIST 100, E20, E20/2.6TEGDN, E20/5.2TEGDN Full load
Effect of ION on Injection Pump Delivery,
Torque and S.F.C. v rpm
AP44  DIST 100, E20, E20/0.2I0N, E20/0.4ION Full load
Effect of TEGDN on Injection Pump Delivery,
Efficiency and S.F.C. v Torque
AP45  DIST 100, E20, E20/2.6TEGDN, E20/5.2TEGDN 2000 rpm
AP46 " 1400 "
AP47 " 800 "
, Effect of ION on Injection Pump Delivery,
Efficiency and S.F:C. v Torque
AP48  DIST 100, E20, E20/0.2ION, E20/0.4ION 2000 rpm
AP49 " 1400 "
AP50 " 800 "
Effect of TEGDN on Injection Pump Delivery,
Efficiency and S.F.C. v Fuel Blend
APS5S1 2000 rpm, 1400 rpm, 800rpm Full load

Effect of ION .+ T~iection Pump Delivery,
LEfficiency and *. v Fuel Blend
AP52 2000 rpm, 1400 . . ") rpm Full load
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Repeatability of Needle Lift and Cyl. Pressure

20 deg BTDC DIST 100 2000 rpm
"

" "

" 1"
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1"

26 deg BTDC "

1&00 "
800 "
IDLE

2000 rpm

1400 "
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800 "
IDLE

20 deg BTDC F20/3.9TEGDN 2C_0 rpm

"

" "

14 deg BTDC "
"

Long Term DIST 100 Repeatability of Start of
Injection, Combustion, Max. Pressure and
Pressure Rate v rpm

Effect of Static Timing on Ignition Delay,
Max. Pressure and Pressure Rate v rpm
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" "
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AP98
AP99

AP100
AP101
AP102

AP10O3
AP10O4
AP105

AP106
AP10O7

- 55 -

Title

Effect of Static Timing on Ignition Delay,
Max. Pressure and Pressure Rate v Torque
14 deg, 20 deg, 26 deg BTDC

"

Effect of Static Timing on Start of:
Injection, Combustion,

Max. Pressure and Pressure Rate

Full load, 2/3 load, 1/3 load

Effect of Static Timing on Injection Pump
Delivery, Torque and S.F.C. v rpm
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Effect of Static Timing on Injection Pump
Delivery, Efficiency and S.¥.C. v Torque
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D
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Delivery, Efficiency and S.F.(.
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”
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”
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"
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"
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"
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AP108
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Title

Repeatability of Needle Iift and Cyl. Pressure

18 deg BTDC DIST 100
" E25/3.9TEGDN

Effect of TEGDN on Start of Inject icn, Combustion,

Max. Pressure and Pressure Rate v rpm
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” "
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Effect of E25/3.9TEGDN Emulsion on Injection
Pump Delivery, Torque and S.F.(.
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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 20 UNIDO_O

11} 2/3 " ” 11"

" 1/3 1" ”n "

" IDLE 800 " "
E20 FULL ALL " UNIDO 1
" 2/3 " " [T

" 1/3 " " "

" IDLE 800 " "
E20/2 .6TEGDN FULL ALL " UNIDO 2
" 2/3 " " " -

" 1/3 " " "

" IDLE 800 " "
E20/5.2TEGDN FULL ALL " UNIDO &

11} 2/3 1" " 1"

1" 1/3 " " 1"

" IDLE 800 " "
E20/0.210N FULL ALL " UNIDO 5
" 2/3 " " "o

1" 1/3 " " "

" IDLE 800 " "
E20/0.4I0N FULL ALL " (INIDO 6
" 2/3 " 1] " -

1" 1/3 " 1" "

" IDLE 800 " !
DIST 100 FULL ALL " UNTDOTO

” 2/3 1" 1 1"

" 1 /3 " " "

" IDLE 800 " "
" FULL ALL 26 UNIDOTT

” 2/3 1 " "

1" ]/"; ” 1" "

" IDLE 800 " "
" FULL ALL 14 UNTDOTZ

1" z/" " 1 1!

" 1/3 " " "

" IDLE K00 " "
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Fuel Load Speed Timing Test ID
(nominal) rpm deg. BDTC
E20/3.9TEGDN FULL ALl 14 UNIDO13
" 2/3 " ” "
" 1/3 " " ”
" IDLE 800 1" "
" FULL ALL 20 UNIDOl4
" 2/3 ” " "
" 1/3 " " "
" IDLE 800 " "
" FULL ALL 26 UNIDO15
" 2/3 " " "
” 1/3 ” ” "
" IDLE 800 1" "
DIST 100 FULL ALL 18 UNIDOl16
" 2/3 " " "
" 1/3 " ” "
" IDLE 800 " "
E25/3.9TEGDN FULL ALL " UNIDO17
" 2/3 " " 1"
" 1/3 " 1" "

" IDLE 800 " "
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FAGE &

ENGINE TE=ZT REZULTE

ENINE
MAKE [ ORIEY &)
MOOEL 2000
No ZYL =
CAFACITY oo Z2c0

EMGINE SFEED (MOMIN

AL

Lz cwe3 load N
b serwved Tor que NM
Ty served speed FFM
My gerved power KW
Alr temperature deq
far ometr1c pressure mBar
Varr2crlon factor

Caorselted torgue NM
Corrected power FW
Fuel consumed gms
Measurement vUime secoands
Fuel mass Flow gms /sec

B.S.FLL.
Thermal ef+r1crency

qms /KW/hr

3
.

Fuel temperature deqg O
Pump delavery/stroke mmas
mqms

Start of injection deg. max
min

mean

Start of combustion deg. max
min

mean

Ignition delay deyg max
min

mean

Igniticon delay ms max
min

mean

Max. cylinder pressure bar
Max. pressure rise bar/deg
bar/ms

011 remperature deq ©
Water 1IN temperature devy L
Water QUT temperature deq i
Exhayst temparagmr-e deqg

FUEL DATE 2Z/5/89
DISTILLATE DIST 100 TE=T ID LINTITIO O
DENSITY Kg/l 0.943
CAL VALUE MY /Kq aAZ.7S
DYND TORQE FACTOR 35,61
2000 1700 1400 1100 200
&7 ¥ LDAD (Neminal) 20 deg ETDEC
11.0¢€ 10.85 11.092 11.20 L1.17
e2.8 86, 88.7 o3, 7 23.4
2029 1754 14359 11733 a0
8.8 1€.0 17.6 10.7 7.6
31.0 1.0 1.0 1.0 1.0
1020.3 1020.3 1020.3 1020.1 1020.1
0.994 0.394 0.994 0.334 0.394
28.0 Q6. 2 ee.2 2%.1 ae .8
ie.7 1%.8 13.5 10.¢ 7.5
4.8 44 .2 45.0 4¢..5 45.4
29.990 34.590 41.590 SR.1%0 74.580
1.55 1.30 1.08 0.87 0.6l |
299.2 za4 .0 89,2 29,0 <%1.1
28.1 28. . 29.1 22.4 28.9 s
41.0 42.0 a4z.0 4z.0 42.0 w
37.1 35.¢ 36.0 .2 3€.9 |
30.8 &9.5 9.7 30.7 20.1
15.8 l&.6 17.3 19,1 16.3
1S.S5 16.5 17.3 18.5 16.3
15.7 1e.S 17 .4 13,0 16.3
S.9 €.6 9.0 11.1 10.1
4.8 €.4 8.3 10.3 0.0
5.1 €.95 a.5 11.0 10.1
11.2 1.2 9.1 e.2 6.3
10.2 10.0 8.3 7.8 6.2
10.¢6 10.0 8.9 a.0 6.2
0.920 0.3¢e5 1.044 1.19¢ 1.300
0.838 0.94¢ 0.9353 1.107 1,273
0.887 0.951 1.02¢ 1.165 1.287
70.4 73.9 75.4 73.3 73.4
10.3 10.3 10.5 Le.7 9.1
12S5.¢€ 108.7 32.0 87 .1 44.3
95.0 «5.0 32.0 9.0 86.0
55.0 50.0 48.0 5¢.0 56.0
73.0 T7T.0 77.0 81.0 8z.0
Z25.0 243.,0 2x%.0 220.0 138,0
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3.1 27.4
29,790 34.9%0
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- ENGINE TEST REIULTS FABE 4
ENGINE FLIEL DATE . &2/%5/99
MARE CORD DISTIILLATE 0IST 100 TEZT 1D UNIDGD O
h MSOEL 000 DENSITY Kg/l 0.24%
N YL K CAL VALLIE MJ/Kg 4z2.7%
CARFACITY o 2210 DYND TORGIE FACTOR S .64
SIoFINE SFEED (NOMINALD 200
IDLE CONDITION 20 dew EBTOC
s v d load N [
adbser ved o aue NM 2.5
b served speed RFM azo
I zerved pows KW 2
Alr temperature deq T =8.0
Gar >matr 1o pressure mBar - 1013.9
Correction sactor 0.99%
Viorrelted rorque NM &.9
Corcented paower KW . <
Fuel Cornsuymed qms 14.7
Mzasurement time seconds TR.ET
Fuce! mass §laow gms /se: 0.2 |
B.SFC. gms /KW/ hre 2348.5
Thermal effrorency z 2.5 s
Fuel temperature deg C 40.0 ~
Pump delivery/stroke mm+3 11.8 |
mgms .7
Start of 1njection deg. max 15.4
min 13.8
mean 14.¢6
Start «f Combusticon deg. max 2.z
min 7.3
mean 7.l
Ignition dela, deg max 7.2
min &.5
mean 6.8
Igniticn dela, ms max 1.469
min 1.317
mean L3793
Max. c¢yliuder proassure bar 55.9
Max. pressure rise bar/deg 7.0
- bar /ms 4.7
U111 temperature deqg C T&.0
hater IN temperature deq I 54.0
dater QUT temfperature deq C 7.0
Tthausr tomperatares deg 34 .0




N
ENGINE TESI RESULTS FAGE S
ENGINE FLIEL DATE 2875799
I {3 1o Cl R0 CHMULZION k20 TEST LD LINTOn L
MODE, 2000 DENSITY Kg/l 0.343
No LY = VAL VALUE MT /g 28,82

CAFACITY o ‘i‘L’-GO OYND TORGIIE FACTOR @ 35.6€1

ENGINE SMHEED  NOMINAL D 2000 1700 1400 1100 noo

100 X LOAD (Meninal) S deg BTDNT

abesrved load N 17.0% 18,09 Le.Se LS S0
Dbhserved Torquy NM L3e.s 144.° 142, > 14¢. 1 14¢,4
heerved speed M S0l 1742 11450 1153 Laq
IR sarved power KW 28.7 26.4 22.9 L. 6 13.0
Al temperature dea © 1.0 .0 A Xl.0 L.0
Barometr iv pressurs mEar 1013.2 L0139.8 104%.2 Loy, 2@ 1041%.2
Carrection factor . 0.994 QISR Q.9%c 0. 93¢ 0.974
| Cocrected tor que NM 1385.7 147 .¢ 145.4 145,95 |
Varrected power KW 2%2.6 BRI 17.¢ 1z2.% —
(=]
Fuel consumad gms 79.0 17.4 AT ®
Magsur ement f o m: ceconds 20.400 41,790 TL.180 |
Fuel mazs Flow Mms /5l R Z.O 1.1
SRR ame FR/hre N ] I3R7.S
Thzrmal esfF1C1enas - Y K 27 .6 27.95
Fuel temperature deq I Q F .0 40.0
Fame deliver sTr.okss mm4 X 8 LR €3,9
mqms ¢ ST 57.1
Ftart oF 1nyestron deg. max 20.1 22.0 K 23.€ 10,1
min 20.0 1.1 Z1.9 2.8 17.4
‘ mean 20.0 2.6 2.4 2.3 17 .2
Ztart of combusticon deg. mar 7.z 4 10.9 1z.0 10.1
‘ min 7.2 9.0 10.1 11.48 10.0
mean .3 9.1 10.7 1.9 10.1
Igniticn delar d=y max 1z2.8 12.9 LL.2 Li.8 2.1
min 12.7 12.0 11.1 10.9 el
Mme an 12.2 17,5 11.¢ 11.4 7.7
b Iarnivion dela, mse max 1.0€0 1.2338 1.361 L.701 1.584
- - - min 1.05: 1.14% 1L.a75 1.S793 1.4192
mean 1.0%7 | M 1. 3Er 1,145 L.520
Mar. szlinder pressure bar 92,7 A% .3 AT LL 23,8
Mlar., pre<ssure ri1se bar/deg 19.5 19.7% Pt 1%.4
- bar/ms g P Z0s. L3z .o £3,4
1t remperatur v dea € e1.0 LrLo s
darer IM tempsrature dey v 43,0 eS.0 0,0
Wirer MM Temperavnr s dz=q R S By L SN e ]
PN S JON P | T 193 i EETS o Ial [




- LA ENE TEST REZUL T P 3l R
EMGINE FUEL OATE © 22/%/35
MAQKE FORD EMULIION [l TEZT ID . UNIDD _J
MOCEL 2000 DENSITY Kg/1 0.245
No CYL 3 CAL VALLUE MJ/Mq Za.en
_ _CAFACITY oo 2880 OYND TORQUE FACTOR | 33,81
ENGINE SFEED (NUMINAL) 2000 L7700 1400 1100 00
87 ¥ LOAD (‘Nominal) &0 deg BTOC
Ohezrvel load N L1.6G% LL.07 11.07 11.1: 11..54
Cheirved Cor e NM agq. 2 Q0.7 29, 6 23,1 He.4
Ubserved <peed RFM 204z 1754 1444 1122 8azs
Observed power KW 13.0 L€, = 1%.4 10.¢& 2.0
ALr tempAratur deaq 31.0 2.0 SzZ.0 31.0 2%.0
Baroemetr 1o pivssSur e mBar 1019.8 LoL3.8 1013,.8 1013.9 101%.8
Carcectron Factor 0.994 Q.93 0 .9%6 ’ 0.9%51
Corrected torque NN a’.,2 29, 3 QL. 3 91,9
Vorrected power KW 18.9 16,2 1.3 7.9
Fael consumed Qs 51.4 43,8 q49.3 5.3 50.8
MLazarement time seconds SA.TA0 24,590 az.000 3L N0 73.180 !
-fuei mass flow gns /sec L.72 1.4.% L.47 0Q.%5¢ 0.9 5‘;
| SR SN ams /EW/hr 9.2 21805 e L ZE9.T Hle L. @ ve)
Thermal efficiency pd 28.2 29.1 29.2 2e.1 23.3 |
“uel temperature deq 8.0 4z.0 41.0 40.0
Pums delivery/stroke mma2 41.0 3.2 41. 40.79
mqms 33,8 woLT a0 3.7
Atart of injection deg. max ¢ 15.8 17,2 18.3 20.0 18.1
min 15.5 le.6 17.3 13.0 17 .4
mean 15.¢ 17.0 17.7 Lo,z 17.7
Start ¢i combustion deq. max z.8 5.5 7.3 10.4 10.1
min : 2.7 4.8 7.3 3.1 10.0
mean 2. 5.0 7.3 4.5 10.0
-Ignition delay deg max 12.0 12.% 11.0 l0.1 8.0
min 12.7 11.7 10.1 F.L 7.4
mean 2.2 Lz2.0 10.4 w, 8 7.6
Igrnation delay ms max 1.057 1.16% l.z6& 1.483 1.621
min 1.032 1.110 1.161 1.3z Le.483
mean 1.042 L.13& 1.706 1.445 1.542
Mai. crlinaer pressure bar R 3.3 78.8 /1.2 773
Ma:. pressure rise bar /deq 10.¢ £4.4 13.7 16,2 1z2.0
bar/ms 129.9 151.¢ 113.0 LOa.3 53,3
Ll remporater e deq U 91.0 B0 1.0 “41.0 Qe L0
Wates IN tempuiature deg 55.0 S1.0 52.0 5.0 36.0
Water 1T temperature  deq O TR.O R0 7.0 T.0 0.0
Sxriisr semparar e deg € TR0 a0 ST0.L0 I L) 193.0
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ENGINE
MAKE £ ORD
MODEL ?000
N> CYL @
CAPACITY co ZQ.O

CHMGINE ZFEED (NOMINAL)

NM

Midbserved load N

Nhser ved tor que N

bevrved speed (B3 8 ]

1bserved powesr KW

NLr temperatrure deg U

Haraometraic prassur @ mBar
Varrection facrtor
Cearected torque

Lorrecrted power KW

T Fuel censumed gms

Mracur #ment time e Conds

Fuel mass flow Jms/sec

| U R gms /XH/hr

Thermal effr1ci1ency “

Fuel temperature deq C

Pump deliverz/stroke mme

mgms

“rart of injection deg.  max

min

mean

Start of combustrion deg. Mmax

min

mean

lgnition delay B ] max

min

mean

Ignition delay ms max

min

mean

Max, crlinder pressure bar

Max. pressure rise bar /deq

bar/ms

Ml rtemperature deq [

Wat: IN temgeratuyre deyg T

i e OHT temper Ature  deq U

AR O ST O B D VAR deg 7

LNGINE TEST RESULTES

FLIEL

EMULZINN H20/8 . 6TEGDN

DENSITY Kyg/1
CAL VALLIE 1M.J/KKq

2000 1700

100 ' LDAD (Nomanal)

16.¢0 12.01
132,93 144, 2
096 | it el
22.¢ 2e.4
za.¢ 4.0
1020.4 1020.9%
0.909 0.998
L2, 142,79
SR ‘6.4
L2 Q?.a
N8990 4,35%0
2.€3 2.1
340.¢ EPa Y
_27.2 28,2
4.0 3I6.0
82.7 €6.9
5.1 55.1
20.3 2.7
20.1 *1.1
20.2 21.2
a.x 11.0
Q.2 10.2
Q.2 10.9
12.0 10.8
11.9 10.1
11.3 10.2
Q.475 1.031
0.36% Q.32
0.9¢% 0.,98%
29,8 W7
16.4 L7.5
20:.7 1030y
a0 [AR L)
19,0 €0
0 80,0
EL RS

DYNID TORVIE FACTOR

1400 Li1o0
BTN
Q.0 18,
144 .4 Las., =
1445 1144
21.2 L7 .4
9.0 Bz.0
LO20 .9 1020.5
0.9%0 0.5
1432,0 144 . ¢
1.6 17.3
ne.z on.3
41,970 [APURC]
2.10 L.7
150.0 2.8
2€.¢€ 26,4
6.0 "N, 0
70.¢& 71.8
s&, & iR
22.8 P N A
21.2 2.7
22.4% 23.0
Z.9 1.2.8
11.8 i
12 13.7
10 ? 10.0
9.1 KL
10.0 .
1.260Q 1.
1.0%50 1.
L1532 1.3
5.9 as,
17.8 15.
154.1 10,
Y] 0,0
&2.0 6,0
a0 L0, 0
L A

a

o
o

FAGE
22/3/85

LINIDG 2

1&.1¢
14%.4
oo

12,7

1.0

1020.5

0.99%
144 .4

1z2.¢

0.4
vZ.180
1.2
AT .4
2€.8
9.0
70.6
2.4

- 61 -

18.2
18.1
138.1
11.%
11.0
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1
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ENGINE
MAKE FORD
MODEL W00
No CYL S
CAFACITY o 2360

ENGINF ZPEED (NOMINAL)

b cerved load N
nbserved torque NM
(bhser ved sp. »d RFM
Qb sarved power KW
ALr temperatare deg C
Bacruvmetr\c pressure mBar
Correction facreor
Yorrested torque NN
1“orrected power KW
Fuel consumed gms
Measurement ' ime seconds
Fuel mass fFlow yms/sac
B.SFLC. gms /KW /hr
The~mal esf1cr1ency b4
Fuel temperature deqg C
Pump delivery/stroke ome3
mqins

Start of injection dey. max

min

mean

Start of combustion deg. max
min

mean

Ignition delay deg nax
min

mean

Ignition delay ms mazx
ain

mean

Max. cylinder pressure bar
Max. pressure rise bar/deq
bar /mns

rnil temperature deq C
Warter IN temperature deg
Water QLT temperavt:ire deq C
[y

Erhanst tamperarturs dey

ENGINE TEST REZLILYSE

FUtL
EMULSTON &0/ & TEGDN
DENSITY Kg/l 0.242
AL VALLE MT/Kaq 8.6
2000 1700 14
€7 X LOAD (Neminal) 20 dey BTD
11.0¢ 11.80 1
s3.8 3.6 a
z0¢€4 1734 144
19.1 1€.73 1
0.0 1.0 3
1020.53 1020.53 102
0.937 0.9%%
ar. 2 a3, 1 4
19.0 16.2 1
S0.5 43.0 4
oL, 590 34,990 4
1.71 1.40
TII.E 11.8 L
28.4 23.9 2
40.0 39.0 q
40.1 39.1 3
33.1 32.3 i
1.0 17.% L
14.7 16.9 3
15.3 17.2 1
4.8 7.4
4.5 7.2
4.¢ 7.3
11.2 10.3
10.0 “.2
10.9 3.9
0.%02 0.987
0.203 0.213¢
0.8a77 0.949
71.1 75.8 7
10.4 Q.9 1
129.4 102.¢8 10
420 S4.0 5
S:.0 30.0 4
?9.0 7.0 a
STV.0 247 .0 22

00
2

0.9%
7.9
X
2.2

0.0
0.3

=0 QWL K=~

LI AG DL

FWOU®YOOE Do

DYND

J

14

TOROLIE FACTOR

100

11.41
a9l.4
29

10.3

0.0

LO20. 9%

13

£ DL
W~ OO O

.99

90. €

-
(o]
o

e & o & ¢ o
LRSS

~] g

<

PE-On T

I
. .

= NRT
Wi 000

* = o & s &

NBHWONONDOYWQOOR

0won
N o

SO D%
.

[ N
OVQY RO

—~ G Ui
T Wi

AGE 10

22/%/8S

UNID 2

35.€1

£00

11.22
83.8
a3
7.7

0.0

1020.3
0.992

a9,1

~
~

A

HBdLNGHOOWD
LR -]
Q

0
2 A

1.

BOOMD YD
= €61 -
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ENGINE
MAKE 7V ORD
MODEL 2000
Ne CYL 3

TAPACITY <o @ 2880

ENSINE SFEED (NOMINAL)

Otscrved lcad N
Abserved taorque N

Chesrved peedn RPM -
NMdser ved power KW
Air tenccrature deq T
Qarometr1: pressure mBar

T Correction factor :
Vorrected torque NM
forrected power W
Fuel consumed gmse
Measurement tims sesonds
Fuel mass flow yms/sec
.2 F.C. gms JKW/ hr
~Thermal =2FffFicienas, “
Fiel temperatrure deg C
Puymp dalivery/stroke mme3
mams

Start of injection deg. max

min

mean

3tary of combusticon deg. max
min

mean

Igmitaron delay decg max
min

mean

-lqnition delay ms max
min

mean

Maz. ~rylinder fressure bar
Max. pressure rase bar /deq
bar/ms

Q1) temperaznure deg C
Warer IN remperature deg
Warer (AT t ~mperature deg C
Ethausr temporarere dey 17

FNGINE TESI REMALTEH [*AGE. 11

FUEL DATE © 22/%/8%
EMULSION L 20/8 . 6TEGDN TESY IO : UNIDO_Z
DENZITY Kg/1 0.242
CAL VALLJE MJ /iKq X

DYNQD TORQUE FACTOR 35.64

2000 1700 1400 1100 200
X3 ¥ LOAD (Nominal) 20 deg BT
q.11 a.28 4.41 q4,6% q4.€4
3S.2 33,1 5.2 7€ 37.2
2009 1742 1138 112X 849
7.5 G.2 5.3 4,4 3.2
3.0 Z%.0 z8.0 30 #0.0
1020.5S 1020.% 1020.5 102¢.2 1020.9
0.920 0.920 0.98% 0.9%% 0.992
35.0 *3.9 34.9 7.2 36.8
7.4 6.2 S5.% 1.4 .3
I
b 2.3 29,9 7.2 33.8 -
29,090 “4 70 A2, 190 53.7%0 71.180 L
1.07 0.84 0.71 0.%1 0.47
$20.% 491 .% ana.n 41%.% S22.0 |
17.2 193 13,2 22,4 i17.8
3.0 9.0 9.0 49,0 39,0
25.% 2.4 22.8 21.8 27.1
21.2 19.% 19.7 1£.0 2z.4
13.2 12.2 13.7 17.3 17.4
1z.8 12.1 12.8 A7.% 17.2
13.1 12.1 13.4 17.3 17.3
1.1 z.1 4.8 9.2 11.0
1.0 1.9 4.7 D4 10.1
1.1 z.0 4.7 .01 10.8
12,1 10.2 %.0 8.2 7.2
LL.8 10.0 e.1 2.1 6.2
12.0 10.1 8.7 e.2 6.8
0.991 0.977 1.049 1.220 1.419
2.369 0.3 0.741 1.155 1.22¢
N .83 0.96% 1.007 1.211 1.290
59.3 59.3 6l.1 65.8 e8,:3
7.7 8.9 7.5 a.9 10.7
93.9 72.5 §5.0 53,7 54.4
28,0 2n.0 e8.0 84.0 24,0
a40.0 an.o 44.0 s4.0 $3.0
TELO 7.0 9.0 P60 1.0
191.0 162,02 152.0 135.0 122.0



TN

FIORD

<. 2000
YL *

LAPAYTTY - 2260

(SRR CEEDL (NCGMINALY

IDLE
Oob v ver load M
[ ST I S Ue NM
Uhgeryet cpead M
b ge s f oWt KW
N1 Temperdture deq C
KRNI FEE WM S E S 1) mBar
R RS S Y R I T S 4
v Tted roeran NM
Ver-ecred powsr N
Pl coraume 3 ms
Meacur pmant Time seconds
Fual mass: flow yms /se
G.7.5 0. ams /KW/
fhermal =6s1o1eny by
Cuvl tenperature deqg C
Pumg deliver//stroxe mme2
mgms

Ttart of 1njection dey.  max
min

mean

Start of combustion deg. max
min

mean

Ignrtron delay dey max
min

mean

Ignictran delas ms maxy
min

- men

Mav, <-lander pressur = Lar
Mas., grensurs rise bar /deq
dar/ms

']

Nl remperarise dey
~MWat e [N oteaper ature dey
water QUT temperature deqg
L ahasist TempEraTiar e dey

Ly R N

El0/ VG0N
LENZITY Kg/1

AL VALLE MJ/Ka
DYNO TORQLIE

VONDTTION 20 dey BYLOC
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EiMINE

MAKE FLep
MODEL 02
Ne CYL 3

CAPACITY oo 2800

CNGINE SFEED (HOMINAL)

Obser ved lcad N
Observed torques NM
(tdser ved sread RPM
Qb szrved power KW
filr temperature deg C
Bar oMetr e presinre mBar
Correction factor
Corrected torque N
COorrected power KW
Fuel consumed Ims
Measurezcnt time seconds
Fuel mass flow gms /sec
B.S.IN.C. ams /KW/hir
Tharmal e¢fficrency b
Fuel temperature deq C
Fump delivery/stroke mme3
mgms

Start of injection deg. Mmax
- nin
mean

Start o¢ Tomdbustion deg. max
min

mean

Igyotiorn delay deg mazx
min

mean

Igqniticn delay ms max
min

mean

Ma_., crlinde- o =rryrs [
Py, pressuyre rise bar/degq

bar /my
iyl
Warer TN (empesatare dey
Wxter BT tempsrratury dey

Yemper atar e deqg €
1
[
TRNAKY UMper AT deeay 0

UNGTNE TEST

FLUEL

EMULSION
DENSITY Kg/1

CAL VALUE MJ/Kg

S000

1700

100 ¥ LOAD (NMoeminal)

i7.01
L136.¢

P
N

[ Y-
« s e

£

NG ity

WS D NDIO =
NANO &~ 2a

- [y oy
S
DG NN D G N

(2]
=)
3
0
3
o)
(2]
0
o
(2]
(2]
0

o
QD
fa fy

MNDIDNOMaU U DO =

N g
W o

LRI

- -

[

1,
prely- | Na

NGt o
~H0A0 L LS

=t Ny

AN
&0, 0
.0
EL LAY

RESULTS

E20/S.2TEGDN

D J

rrg

1400

BTON

18,19
L4%.7

1AZR

2L.9

1.0

1021.1

0.993
144.7
21.8

90.1
42,190
2.14
el
26,9
5.0
71l.4
59%.4

22.7
22.0
2.4
12.8
12.7
12.7
10.0
9.2
9.6
1.165
1.06l
1.118

244
13.7
118.2

aa.n
£5.0
20.0

TTL0

PR}
TN A FE

DYNQ TORQUE FACTOIR

1100

18,2
l4¢.¢€

1129

17.5

2.0

10241.1
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FPAGE 13

UNI

35.61

£.00
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EMNGINE
“TAKE FORD
MODEL 2000
No CYL K]
CAPACITY -« 28¢.0

ENCINF ZPEED TNOMINAL )

_Mpp=rved load N
Libsuerved torque NM
abgserved speed WM
Odserved power H
Mr tomperature d=g C
Rarometr 1o pressurs mBar
Lorrecrion facror
Loerrected torque NM
Cor-~ected power KW
Fuel consumeq qms
Measurement taime seconis
Fru21l mass fiow .ms/sec
R, S.F.C. qins /KW/hr
Thermal esficiency “
Fuel temperature dey C
Pump delivery/stroke mme3

mqgns

Start of injection Jeg. max

min

mean

Start ¢ combustion deg. max
min

mean

Ignition delay deg max
min

mean

Igniticn delay [ 13 max
min

mean

"Mix. crlinder pressure bar
Max. pressure rise bar/degq
bar/ms

Q11 temperature deg C
vizts: IN temporature deq O
War-r 0UT remperature dey C
-

Crhansr tempeEratare dey

ILMINME TESY

FLIEL.

CHMULSTION
DENSITY Kg/1l
CAL VALLE MJ

RESULTS

E20/5 . TEGDN

0.350
/lq 38,45

1700

37 X LOAD (Nemanal?

Al

Do ity D
Fowiodio
.

[odN Y IR~}

FERY Y
NP o1

e Y
VOO0V LWNNMITL AN

@ﬂﬂaidFtouéw.b\lu(d QO Qip Lk
h

~
T i) &

1l

e
F
-5

Lr i
h

-
<

[ ]

w S e

LW Wy

400

20 deyg BTOW

-
>

|5

-
WOk

o

NG DS G il
.
DM D

- -
SN RND S~

QO OO PG PIYD

DR
DLODO N
0 bN
Ao

® N
a3
P
oW

L’ e A~
oCcocC

LyMl TORGIIE FACTOR
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50.0
B
0.23

FAGE L4
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UNIDC 4
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ENGINE TEST RESULTH PAGE 15
ENGINE FUEL DATE : 22/3/8%
MAKE FORD EMULSTON E.20/5.2YEGDN YOCST ID : UNIDO_A
MAnEL 3000 DENSITY Kg/1 0.9%50
No YL R CAL VALUE FJI/Kgq ZR.5%
CAPACITY < @ 2280 DYNMO TORQUE FACTOR @ 3%5.81
ENGTNE SFEED (NOMINAL) z000 1700 1400 1100 800
X3 X LDAD (Nominal) 20 degq ETDC
ithserved load N a.21 4.4% 4,32 q.3% 4.60
b served toraue NH 3.7 33.9% 34,6 34.¢ 356.8
Nhcer ved speed iXPM 20c& 1734 )LAZS LL3% 8z6
Db 3erved power KW 7. 6,4 3.2 4.1 3,2
Alr remperature deg C 27.0 c8L0 AH,0 8.0 28.0
Rarometric pressure mBar 1021.2 1024.3 Lo21.2 Lo21.9% 1021.3
Correcrion factor 0.98e c.9a882 Q.%0 9 .5%08 0.%88
Corcected torque NM 3.2 35.0 34,2 34.2 36.4
Caorrected power RW .1 6.4 5.2 4.1 3.1 |
Fuel consumed gms - 20.93 0.3 28.7 3.4 31.4 o
Measurement time seconds 0.000 4,990 41,990 5,190 73.160 0
Fuel mass §low gms /sec 1.02 0.20 0.8 0.1 0.43 i
B.Z.F.C. qms /KW/hr 518.4 49% .8 a477.3 SH7.7 490 .8
Thermal efficiency b 14,0 12.7 13,6 17 .4 19.0
Fuel temperature deg C 9.0 8.0 2.0 x8.¢ 2%.0
Famp delaivery/strote mmsd 24.2 24.3 P 23.98 2%.0
mqms 20.1 0.4 19.0 1.4 20.8
Irart of injection deg. max 12,1 12.1 13.0 18.4 18.9
min 1.8 1z.0 12.0 17.4 18.2
mean 12.3 12.0 12.2 17.6 18.4
Start of combustion deq. mazx <.4 .8 4.8 10.1 11.9
min 1.9 2.9 3.8 9.9 11.8
mean Z.4 Z.4 4.0 10.0 11.9
Ignition delay deyg max 11.1 2.2 3.4 3.1 7.1
min 10.6 a,2 &.0 .8 6.3
mean 10.3 8.6 8,2 7.8 8.%
Tqriatacrn delay ms max 0.9%1Z2 0.88S 0.970 1.178 ) .42%
min 0.370 0.789 0.334 1,076 1.273
mean 0.enr 0.825 0.951 1.105 1.347
Max. crlinder pressure bar sa.l 50 .2 58.1 €d.7 €3.0
Max. pressure rise bar/deq : 5.9 E.6 6.3 S.4 4.4
bar/ms 71.4 3,8 54.8 €4.0 4s.7
G1) temperature deq U =X /) La.w 9.0 a8s.0 81.0
Wate: IN temper ature deg 7 a7 .0 42.0 $1.0 33.0 z4,0
Ware- DUT temperature 4deq U nn .0 eQ.¢ €0 7¢.0 73.0
Ee™a iy taompeer atar e Aoy 120 .0 171.0 1%c.0 144,0 L%3,0



ENGINE
MAKE FORD
MODEL 200
No CYL ]
CAPACITY < : 2860

ENGINE SFEED (NOMINAL.)

TOLE CONDITION

Observed load N
nbserved torque NM
Qbser ved speed RPM
QObserved power KW
Alr temperature deg C
-Barometric pressure mBar
Correction factor
Corrected torque NH
Corrected power KW
Fuel consumed Ims
Measurement time seconds
Fuel mass flow qms /sec
R.S.F.C. qms /INW/hr
Thermal efficiency b
Fuel temperature deg C
Pump delivery/strore mme3
mgms

Srart of injection deg. max
- - - - min
- mean

Start «f combustion deg. max

min

ool mean
"Ignition delay deg maz
min

mean

-Ignitaicn delay ms max
min
mean

Mazx:. cylinder pressure bar
Max. pressure raise bar/dey

“2rl remperature dea C
Wate: [N temperature deg C
Water WIT vemper ature deg C
Cehiagst temperarure deg

ENGINE TEST RESLLTS

FUEL
EMULSION - E70/% . 2TEGDN
DENSITY Kg/1 0.850

CAL VALUE MJ/Ikg @ =8.55

8oo

20 deg BRI

oD
A W
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=
©

[

O DU
(W

»

[~}

u
(ST
FiobuRNONG

10.1

e NN
e s s e
LaADU
-9
AD

Sz

[

Y

- T
.

T b

DYND TORQUE FACTOR

- 661




ENGINE
MAKE - FonRn
MODEL - 000
Noe YL =

CAPACITY <o @ 23G0

ENGIMNE SFEED (NOMINAL)

nbserved load N
Observed torque NM
bserved specd RFM
Qbservad power KW
Alr temperature deqg C
Barometric pressule mBar
Correcrion factor
Corrected torgue NM
Corrected power KW
Fuel consumed gms
Mezsur ement time seconds
Fuel mass flow gyms /sec
R.S.F.C. gms /KW/hr
Thermal efficirency b
Fuel temperature deq C :
Fump delivery/stroke ane
mgms

Start of injection deg. max

min

mean

Start of combustion deg. max
min

mean

Ignition delay dey max
min

mean

Igniticen delay my max
min

mean

Max. crlinder pressure bar
Max. pressure rise bar /deq
bar/ms

Ml temperature deq U
Wates IN temperature deg ©
Water OUT temperature deq C

Ethaisr temperature deeq 1

ENGINE TEST RESULTS

FUEL
SMUL STON K20/ .2I0N
DENSITY Kg/t 0.845
CAL. VALUE MJ /KKq 28,83
2000 17720
100 7 LOJAD (Noeminal) 20 deg
17 .3 18.v8e
L3¥9.0 144.2
S0 17861
23.4 6.9
4.0 0.0
102L.5 1021.9%
0.398 0.991
138.¢6 1432.3
9.z 6.3
78.7 83.5
3I0.130 34.790
2.81 2.40
220.4 328.5
28.3 8.2
4.0 7.0
62.4 68.9
51.7 54.8
20.3 21.8
20.0 21.0
20.1 21.2
e, 10.0
8.1 3.9
8.2 10.0
2.2 1i1.9
11.7 11.0
11.9 11.2
1.007 1.121
0.7 1.043
0.980 1.064
2.4 5.1
19.% 17.8
237.4 197.4
Le.0 92,0
8x.0 66.0
8I.0 220
¥I0.0 20,0

FAGE 17

DATE
TEST ID

DYND TORQUE FACTOR -

1400 1100
BTOC
18.41 18.57
147.4 148.7
1453 1140
22.5 17.7
2.0 0.0
1021.5 1021.5%
0.9%4 0.931
146.6 147 .3
2.4 17.6
g .9 20.2
41.5%0 52.9%0
2.14 1.70
1A%, 8 %48.3
2w.0 26.6
8.0 8.0
7..1 72.4
852.6 59.7
22.7 23.4
1.8 2.7
22.73 23.0
11.8 1z.8
10.% 12.7
11.% 1z.8
11.8 10.8
10.0 9.9
11.0 10.2
1.343 1.554
1.142 1,446
1.261 1.4%S
96.3 38.0
zz.0 18.7
1392.4 L27.3
9z.0 92.0
66.0 €6 .0
23,0 23,0
e 0 350.0

22/5/8%5

UNIDD, S

33.61
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ENGIME
MARE FiORD
MODEL 3000
No CYL =
LAPALITY <o - 2260

ENGINE FFEED (NOMINAL)

bserved load N
Dbsaerved torque NM
Observed spevcd FiPm
Nbserved power KW
Air temperature qeq 1
Barometric pressure mRar
Lorrection factor
Terrected torque NM
Corrected power Ku
Fuel consumed gms
Measurement time seconds
Fuel mass Flow gms /sed
R.S.F.C. gms /KW/ b
Thermal efficiency “
Fuel temperature deg
Pump delivery/strole mme3
mqms

Start of injection deg. max
min

mean

Start ¢f combustion deg. max
min

mean

Ignition delay deyg max

mirn

mean

"Ignition delay ms max
min

mean

Mar. cylinder pressure bar
Max. pressure rise bar/deq
bar /ms

Myl temperature deq C
“Water IN temperature deg T
Water T temperature deq U
Tahaaust temperature deq

ENGINE TEZT1 RESULITS AGE LA
FLIEL DATE @ 22/5/85
EMUILSTON 20/ . 2I0ON TEST IO : UNIDOS
DENIITY Kg/1) 0.843%
CAL VALUE mMJ/INg w8 L83R
DYND TORQUE FACTOR 33,61
2000 1700 1400 1100 200
67 ¥ LOAD (Neminal) 20 deq BT
10.82 10.94 11.13 11.41 11.6€1
3.6 a7.s 3.1 31.3 93.0
P 3 ¥ig 1744 1436 1132 a3z
18,3 1€.0 13.4 10.39 8.1
&9.0 oT.0 8.0 28.0 2%.0
1021.5 1021.5 1021.% 102L.% 1021.7
0,990 0 .98¢ 0,988 0.988 0.%98%9
5.7 .4 88.0 90.2 ‘32.0
18.1 1%.8 12.2 10.7 a.0
43.5 47 .2 43.1 43.2 54i.6
30.190 34.790 A2.190 53.3%0 72.%80
1.61 1.37 1.14 0.92 0.71
319.4 *1ZE.S 309.9 310.3 319.1 I
23.0 29.6 29.9 23.3 29.1 o
39.0 xR.0 9.0 8.0 39.0 o
38.6 aa,2 38.6 39.9 41,5 =
1.9 1.8 IL.7 32.6 34.2 ]
15.9 17 .1 18.2 19.8 19.1
14.7 16.4 17.% 19.4 18.1
15.2 16.7 17 .8 19.4 18.7
x.8 5.6 e.3 11.0 11.9
1.6 5.5 8.1 10.1 10.9
.7 5.5 a.z 10.8 1t.2
12.2 11.6 9.9 8.9 8,1
10.9 10.8 9.1 8.1 7.1
11.5 11.1 9.2 8.6 7
1.007 1.107 1.147 1.318 1.618
0.301 1.034 1.057 1.193 1,430
0.951 1.063 1..083 1.263 1.303
72.73 75.7 738.8 20.7 73.%8
11.S5 10.8 12.0 14.4 1L.95
129,2 110.7 103.1 7.3 37.2
F%.0 e .0 [z, &7.0 &8.0
52.0 a7 .0 44.0 s5z.0 56.0
$I.0 7.0 79.0 78.0 a83.0
267.0 222.0 224,0 09,0 201.0




ENG INE
MAKE FORD
MODEL 3000
Ne CyYL . K
CAPACITY <o . 2360

ENGINE SPEED (NOMINAL)

Observed load N
QObserved rarque N
Qbser ved speed RPM
Abserved power KW
R1r temperature deq U
Bar cmetric pressure mBar
Correction factor
Lorrected torque NM
Corrected power KW
Fuel consumed gms
Measurement time seconds
Fuel mass flom qms /se:
R.S.F.C. qgms /KW/hr
Thermal efficiency e
Fvel temperature deq C
Puwp delivery/stroke mme
mqms

Start of injection dey. max
min

mean

Start of combustion degq. max
min

mean

Igrition delay dey K}
min

mean

Ignition delay ms max
min

mean

Max. cylinder pressure bar
Max. pressure rise bar/deg
dbar/ms

011 vemperature deq C
Warer IN temperature deg C
Water QUYT temperature deq U
Exla.st temperature deg v

ENGINE TEST RESULTE

E20/.ZXI0N
DENSITY Kyg/1l
CAL VALUE MJ/kg
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4.35 4.6
34.8 ar.3
1423 1132
S.2 4.4
8.0 8.0
1021.5 1021.5%
0.928 0.9
34.4 38.8
5.1 4.4
23.1 28.3
42,590 53.%
0.63 0.5
479.5 437 . %
12.3 2L.2
8.0 arv.o
23.3 22.7
19.2 18.7
13.1 17.S
12.0 7.2
17.6 17 .4
Hoo ©9.2
2.9 8.3
.4 a.s
3.5 9.2
& 8.z
=N 2,9
..164 1.3
0.951 1.2
1.068 1.3
61.0 66.3
8.5 10.1
72.7 68.4
88.0 83.0
51.0 35,0
€2.0 75.0
151.0 13¢.0
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ENGINE C~T RESULTS FAGE. 20
- ENGINE FuUEL DATE : 22/3/8%
MAKE - FORD EMULSION - EZ0/ . 210N TEZT ID . UNIDOG 5
MODEL . 2000 DENSITY KRg/1 - 0.34S
No UYL - = CAL VALUE MJI/Hq - Q. 8%
CAPACITY ¢ -~ 2860 DYND TORGQUE FACTOR @ 3%.61
ENGINE SFEED (NOMINAL) a00
~ TOLE CONDITION 20 deg BTDC
Nhserved load N 0.32
Qb served torque NM 2.9
Uhserved speed RFH azi
Db served power KW .
Air temperature degy 27.0
Rarcometric pressure mBar 1021.5
Correction ¥actor : 0.93¢
Torrected torque N 2.5
Corrccted power W .2
s asumed 9gms 15.4
—a.irement time tecands TR.520
Funel mass flow gms/sec 0.21
B.3.F.C. gms /KW/hr IS13.9 !
Thermal efficiency o 2.6 N
Fuel temperature deg C - BT S
Pump delivery/stroke mme3 12.4
mgas 10.2 '
Start of injection deg. max 17.1
min 15.8
mean 16.5
Start of combustion deg. mar 2.2
min 8.3
mean e.8
Ignition delay dey mazx Q.1
min 7.2
mean 7.7
Ignition delay [ 19 max 1.852
rin 1.4¢68
mean 1.554
Max. cylinder pressure bar $55.¢6
Max. pressure rise bar/dey 7.2
bar/ms 5.7
Q0:1 temperature deq C 81.0
Water IN temperature deyg 2 S2.0
Water OUT temperature deg C 74.0
Exhaust temperature dey C 4.0




ENGINE
MAKE FORD
MODEL 2000
Ne CYL - 3

CAPACITY <o . 2860

ENGINE SFEED (NOMINAL)

KW

Observed load N
Qbserved torqaue NM
Observed speed RFM
Dbserved power
ALlr temperature degq O
Barometric pressure mBar
Correction factor
Corrected torgue NM
Corrected power KW
“Fuel consumed - gms
Measurcment time seconds
Funel mass flow 9ms /se
B.S.F.C. qms /KW/hr
Thermal esficiency -
Fuel temperature deq C
Pump delivery/strokxe mme+3
mgms
Start of injection deg. Max
min
mean
Starv of combustion deg. max
min
mean
Ignition delay deg max
min
mean
Ignirvion delay me max
mih
- mean
Max. crlinder pressure bar
Max, pressure rise bar/deg
bar/ms
Q11 temperaturs deg
Wat:r IN temperatury deg ©
Water M remprerature deg U
£ et 3 v rompee. atur e deg U

ENG INE. TESY RESUILTS
FLIEL
EMULSION .
DENZITY Kg/1
TAL VALLE MI/Ky 38.83
2000 1700
100 % LDALD (Nominal)
17.z20 1811
137.7 145.0
2015 1714
29.1 2¢.0
&7 .0 0.0
1021.5 1021.5
.38 0.991
135.2 143.7
8.7 cS.8
7.9 4.0
20130 35,3290
Z.62 2.37
x320.92 L. S
2a.0 28.0
2.0 3.0
t3.1 6.3
5&.3 53.4
20.3 22.0
20.0 2.8
20.1 21.9
2.z 10.8
2.2 10.0
Q.2 0.2
12.1 11.9
11.6 11.0
1.9 11.7
1.001 1.1%58
0.9¢62 1,072
0.3982 1.13S
AL .S 95.9
L&, 3 8.7
220.48 171.9
Lz.0 Q8.0
49 .0 62 .3
TR0 2.0
(SIS 4.0

EZ0/.AI0N
0.245

1400
20 deg BTINC

1e.50

149,

laza

1

DATE
TEST ID

DYNOQ TORQUE FACTOR

1100

BrENNR
Piiuibati sl A

W00 DN D
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wr
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22/3/85
UNTDO €
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200
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143.1
276

Lzl

FSE I

Q0

1074,

0
S
<9590
147.9%

12,9

27.2
TZ.180
L.22
E9.0
27.3
.0
70.%3
s8.7

5]

18.1
17.3
18.0
11.0
10.9
11.0
7.2
6.3
7.0
L.42¢
1,297
1.300
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12,8
£4.4
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ENGINE TEST REZULTS I"AGE

o ENSINE rUEL DATE - 22/3/8%
MAKE FORD EMULSTON EX0/.410N TEET LD LINTDO &
MODEL . 2000 DENSITY Kg/1 0.8495
No CYL - 3 CAL. VALUE MJI/Kqg X8.83
CAPACITY o« 2260 DYNZ TORDWE FAZTOR 38,61
ENGINE SFEED (NOMINAL. ) 000 1700 1400 110C 0o
87 ¥ LDAD (Nominal) 20 degq BTDC
Observed load N 11.13 11.42 11.27 11..1?7 11.3%
Obdserved torgque NM 83.1 91.5 30.2 29,4 0.7
Observed speed UeFM xo0az2 1731 1443 1140 &r
Observed power KW - 19.1 i8.86 13.€ 10.7 7.9
Air temperature deq C z28.0 8.0 7.0 z8.0 ~27.0
Rarometric pressure mBar - 1021.5 1021.93 1021.3 1021.3 1021.9
Correction factror ’ 0,988 0.988 0 .98 0.%8e8 0,986
Corrected torquec NM 88.0 0.4 89.0 88.3 3.5
Corrected power W 18.8 168.4 13.5 10.5 a4
Fuel consumed 9gms 50.2 43,0 43.2 49,9 5%.1
Measurement time seconds 29.800 3%.000 41,990 852.9%0 73,280
Fuel ®mais flow gms /se 1.€82 1.40 1.19 0.94 0.7%
B.S.F.C. qms /KW/hr x2z.2 307 .¢ %07.2 x21.4 *50.4
Thermal efsiciency b 29.8 30.1 30.2 28.8 25.9 !
Fuel temperature deg C : 8.0 8.0 X7 .0 8.0 7.0 '5’
Pump delivery/stroke maed 40.0 39.2 38.¢€ 40.1 44,2 vy
mgms 2.0 2.3 1.8 3.0 6.5 |
. Start of injection deqg. max : 16.2 17.4 18.2 20.0 18.4
min 14.¢ 1€.7 17.3 19.1 18.4
o T T mean 15.4 17.0 17.8 19.4 18.2
Start of combustion deqg. max 4.7 7.4 8.% 11.0 11.8
min 2.7 6.3 8.2 10.9 1L.0
- - - mean 4.0 6.6 8.3 10.9 11.2
Ignition delay deg max 12.0 10.9 9.8 3.0 7.3
min 10.7 10.0 9.1 8.2 €.3
mean 11.9 10.4 9.3 8.9 7.0
Ignition delay [ 13 max 0.979 1.054 1.4368 1.312 L.47¢
- min 0.87¢6 0.984 1.048 1.203 1.274
mean 0.93% 1.00% 1.101 1.24¢ 1.421
Max. cylinder pressure bar 74.3 76.6 78.7 81.4 20.9
Max. pressure rise bar/deq : 11.0 11.3 12.1 13.6 10.4
bar/ms 134.4 117.0 103.0 32.7 49,9
Cil temperature deg C €).0 Q1.0 87.0 88.0 RZ.0
Water IN temperature deg © $2.0 47 .0 47.0 sl.o0 45.0
Water OUT temperature deq C 7a.0 79.0 7.0 79,0 ez.0o
Exhaust vemperature deg 269.0 242.0 227 .0 203.0 20,0




ENGINE
MAKE FORD
MODEL 2000
No CYL - 3
CAPACITY <o 2280

ENGINE SPEED (NOMINAL)

abserved lcad
ndserved torque
Qbserved speed
Qbserved power

Air temperature
Bacvmetric pressure
Correction factor
Lorrected torame
Corrected power

Fuel consumed
Measurement time se
Fuel mass flow gm
R.=Z.F.C. qms /
Thermal efficiency

Fuel temperature

Pump delivery/stroke

Start of injection deyg,

Start ¢of combustion deg

Ignition delay dey

Igniticn Jdelay ms

Max. <ylinder pressure
_iMaxr . prassure rise ba
b

Q11 temperature

Wat.r IN temperature
Water OUT romperature
Cahas T pemper At

N
NM
1M
FW

drg ¥
wBar

NM
W

gms
sands
s/sea
KW/ hr
deq U
mm#3
mqms

max
min
MeaAn
. mazx
min
mean
max
min
mean
max
min
mean

bar
r/deg
ar /ms

dvg U
deg €
deqg (
.1.4.’ '

ENGINE TEST KESWULTE

FLEL

EMULSTON £20/.8T0N
DENSITY Kg/1 0.34S
CAL VALUE MI/Kg x8.0%

2000 1700
X M LOAD (Naminal)
q4.25 A, 38
24.0 3S.0
048z 1744
7.3 6.4
8.0 =8.0
1021.93 1021.9
0.988 0.908
33.¢ 34.6
7.2 G
20.2 23.4
29.7%0 4,790
1.01 0.82
S08.1 qe4 .8
18.2 19.49
7.0 7.0
24.1 22.7
19.9 18,7
13.3 Le.
13.1 11.9
13.2 12.1
1.4 2.9
1.0 2.0
1.1 2.2
12.2 10.5
11.8 9.0
12.0 3.9
0.992 1.008
0.3¢4 0.3673
0.982 0.94%
€0.5 €0.7
©.5 7.8
2.1 32.1
Ra.0 &7.0
47 .0 $1.0
Pl /] TR0
1ev.n tes , 0
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ENGINE
MAKE F ORD
MODEL 000
Neo CYL k]

CLAPACITY <o - 28960

SENGINE SEEEDR (NGMINAL )

Nbserved load
Observed torque
Nbserved speed
Ndserved power

Alr temperature
Barcmetric pressure
Correction factor
Corrected torque
Corrected power

Fuel consumed

Measurement time se
Fuel mass flow qm
-BSRFLC. gms /

Thermal efficrency
Fuel temperature
Pump delivery/strolte

-Start of injection degq.
Start of combusticon deg
Ignition delay dey

7Ignitxon delay ms

Max., cylinder pressure
Max. gpressure rise ba
b

Ml tempesature

Wataer IN temper ature
Rater OUT tempoerature
FeManst remperature

IDLE CONDITION

N
NM
FPM
KW

deg C
mBar
NM
KW
gms
conds
s/%ecC

RH/P.r

b4

deq C
mmel3
mqms

may
min
mean
« max
min
mean
max
min
mean
max
min
mean

bar
r/deq
ar/ms

deq €
deg C
deq C
LES N

ENGINE TESYT RESULTE

FUEL
EMULSICN E20/.810N
CENSITY K9/l : 0.84%
CAL VALUE MJ/Kg :@ 38,85

200

20 dey BTDC
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Obse-ved luad N
Observed torgue N
Obser ved s, eed RFM
Ndserved power KW
Arr temperature d¢q C
_Barometric pressure mRar
Cerrection factor
Corrected torque N
Corrected power KW .
Fuel consumed gms
Measurement Yime seconds
Fucl mass flow Jms /se
p.=.F.C. gms /KW/hr
Thermal effrciency -
Fue! temperature deg C
Pump delivery/stroke mmed
T mgms

ENGTINE
MAKE F ORI
MODEL 3000
Ne CYL kS
CAPACITY o« o’e0

ENGINE SFEED (N MINAL)

Start of ihjection deg. max

min

mean

Start of combustion deg. max
min

mean

Ignition delay dey max
min

mean

Igniticn delay ms max
min

o mean
Max1. <rlinder pressure bar
_Max. pressure rise bar /deg
bar/ms

2l remperature deq C
Witz TN remperature deyg LU
War - (11 vemperature deg

Ear i it temperature deq U

ENGTIME TEST REIULTS

FUEL
DIZTILLATE DIST 100
DENSITY g/1 ¢ 0.849
CAL VALUE MY/KKg @ 42.73
co000 1700 1400

10C ¥ LIOAD (Neminal) 20 dey BYDC

18.0% 19.13 L9.24
144 .2 153.2 134.1
0S4 1750 1432
3.3 22.1 23.1
31.0 1.0 0.0
1022.2 1023.7 L023.2
0,992 Q.99 0.%990
143.7 1S1.3 152.3
0.9 7.8 2Z.9
2.9 5.9 9.7
SHLS0 4,530 42.190
2.82 2.43 2.13
J28.8 F21.1 T34.¢€
25.¢ 26.2 25.2
0.0 2.0 2.0
65.2 8.1 71.2
55.0 56.8 5.4
21.2 21.3 22.8
0.3 1.8 2z2.7
20.9 21.9 22.7
10.0 11.0 12.8
9.1 10.9 12.7
.3 10.9 1z.8
12.0 11.0 10.0
10.9 10.G 9.9
11.4 10.9 10.0
0.97% 1.048 1.470
0.282 1.032 1.151
0.924 i.040 1.13%
35.4 9%.0 93.3
15.5 1€.3 15.7
131.5 171.1 134.5
Re&.0 ©92.0 ©9%.0
€x.0 €7.0 &9.0
£5.0 as5.0 84 .0
A0 415.0 a05.0

FAGE &

DATE . 10/%5/8%
TEST ID . LINIDOLO
DYND TORGUE FACTOR 395,61
1100 800
15,47 19.48
155.9 15,9
1149 eas
18.8 13.8
30.0 29.0
1023.1 1023.1
0.9%90 0.989
154.4 154.2
18.6 1%.6 !
N
91.3 50,1 &
%2.9%0 71.580 |
1.74 1.26
%36.5 332,
25.0 5.3
31.0 1.0
72.4 71.5
60.4 89.6
23.6 13.9
23.9 19.3
23.5 19.8
14.6 12.8
13.8 12.7
14.4 12.7
3.8 7.2
a.9 6.6
9,2 7.1
1.41% 1.431
L.237 238
1.329 1.397
101.0 98,7
14.€ 12.1
101.0 €14
@7.0 %0.0
¢2.0 £4.0
84,0 %4,0
REE .0 neT .0




ENG INE
MAKE FORND
MODEL *000
MNe CYI =
CAPACITY oo o0

ENGINE TFEED (NIMINAL

Observed lcad N
Obser ved Tor Que NM
Observed specd P
Qb served power KW
Alr temperature deg C
“Barometric pressure mRar
Correction factor
-Corrected toeryue NM
_Corrected power
-Fuel consumed DLTY
Measureinent Tiaw seconds
Fuel mass flow gms/sec
B.S.F.LC. qms /KW/hr ¢
Thermal eff1o130) b
Fuel temperature deg C
Pump deliverys/stroke nme3
- - mgms
Start of injection dey. max
min
mean
Start of combustion deg. max
ain
mean
_Ignition delay, deyg max
min
mean
Ignition delay ms max
- - min
mean
Max. <zlinder pressure bar
Mai. pressure rise bar/deq
- - T T T T T bar/ms
011 temperature deg
Water IN temperature dey
Witer OUT temperature degq
Ethaust temperatire deyg

)

KW .

o090

FENGIYNE TEST RESUL TS Py e

FUEL DATE © 10/5/83
DISTILLATE DIST 100 TESTr LD LINIDOLO
DEN:SITY Kg/1l 0.34%

At VALUE MJ/Kq . .73

DYNO TORQLE FACTOR 33.68

z000 1700 1400 1100 %00
e X LOAD (Nominal)d 20 deg BTDC
|\
1.0 11.10 11.13 11.27 119
83.8 a3, 9 99.1 90.2 89.6
7050 1747 1447 1136 B3
13,32 16.3 13.5 10.7 7.8
0.0 29.0 9.0 30.0 z8.0
1022.1 1022.2 1022.2 1022.2 2.2
0.9%1 0.989 0.98% 0.991 0.987
83.0 87.9 A3.1 89.4 °8.4
19.1 16.1 13.4 10.8 7.7
4s.3 44.86 43.% 46.6 43,1
9,590 34.790 41.790 $3.190 70,00
L.35% 1.249 1.04 0.83 0.€8
2.7 296.9 280.3 296.8 HLE.'S |
29.% 22.4 30.0 28.4 6.8
2.0 32.0 3.0 33.0 1%.0 S
3.2 as.2 34.53 37.0 33,1 o
0.2 29.4 8.8 30.9 32.6 )
15.8 18,5 18.1 20.0 18.1
15.8 16.4 17.3 19.2 17.3
15.7 16.4 17.s 19.7 17.7
5.5 7.4 S.1 11.8 11.0
4.6 6.3 8.2 .o 10.9
4.9 6.9 8.¢ 11.9 11.0
11.2 9.9 3.2 8.9 7.2
10.1 2.0 a.3 7.5 6.4
10.3 9.6 8.9 8.2 €.7
0.%08 0.949 1.054 1.30% 1.434
0.818 0.854 0.958 1.099 1,283
0.881 0.914 1.025 1.201 1.344
73.4 76.0 78.0 53.5 73.8
10.1 10.4 10.7 12.7 “.4
124.9 102.9 92.9 86.9 a5.8
29.0 83.0 89.0 az.0 as.o
$1.0 44.0 432.0 42.c 44,0
80.0 78.0 79.0 80.0 79.0
273.0 242.0 22%.0 211.0 200.0




ENGJNE YEZT RESULLIYS HABE 27
ENG INE FUEL DATE 10/%/85
B MARE - F Rt DISTILLATE - DNIST 100 TEST 1D : UNIDOLO
MIDEL 000 DENSITY Kg/1 0.34%
No CYL ks CAHL- vaL.UE MI/Kaq AZ.7S
CAPACITY .o 2260 DYND TORGLIE FACTOR @ 3%,61
ENGINE SPEED (NOMINAL) <000 1700 1400 1.100 200
¥ X LOAD (Nominal) 20 dey BTDC
Observed load N 4.35 4.1¢6 4 .4¢ 4.61 4,58
Dbserved torquwe NM 4.8 3.3 35.7 3.9 36,6
Observed speed [R{c o I 044 1732 43¢ 1127 R43
Ndserved power KW 7.5 6.0 S.9 4,4 2,2
Alr temperature deg C 3.0 8.0 8.0 8.0 “R,0
Barometric preusare mBar 1022.2 1r22.2 1022.2 1022.2 1022.2
" Correction facror 0.987 0.9987 0.987 0.987 0.%87
-Corrected torque NM 4.4 3z.3 35.3 3.4 3.2 ]
Corvected power KW 7.4 €.0 $.3 4.3 3.2 ~
—
Fuel cansumed BLEY 27T.7 9.7 25.3 28.3 2,4 ©
Mescar L nanmT LAmE seavnds 9T 34,990 42.190 $%.5%0 71,580 !
_Fuel mass flow gms /sei 0.3 0.7z 0.0 0.353 0.41
BR.S.F.C. qms  FW/hr 454.5 AQz & 410.3 447 .4 a58.0
Thermal effrcienc, b 18.5S 3.0 20.S 13.0 18.4
_Fuel temperature deg O xe.0 1%.0 33.0 3.0 2.0
Pump delivery/stroke mme3 21.8 20.4 20.2 22.% Z3.1
mgms 18.2 17.0 16.8 18.7 19.%
_Start of injection deyg. max 13,2 12.9 14.8 i8.,2 L7.2
min 11.2 12.2 14.¢ 17 .2 16.4
- mean 12.4 12.6 14.7 17.8 18.7
Start of combusticn deqg. mar z.0 .0 S.7 10.0 J0.0
min 1.4 2.1 5.5 9.1 10.0
_ mean 1.4 Z.¢ 5.6 9.3 10.0
Ignition delay dey max 1l.3 10.¢ 9.2 8.3 7.2
min 10.0 9.3 8.9 8.2 6.3
mean 11.0 10.0 2.0 a,2 e.7
Igniticn delay ms max 0.96% 1.0z4 1.062 1.230 1.4%1
min 0.818 0.700 1.032 L.207 1.2%93
mean 0.8%8 0.9¢6¢ 1.049 1.214 L.H3L
Mai. crlinder pressure bar 60.1 59.4 3.2 68,2 [
Max. pressure rise bar /deq €.l 8.9 a.3 10.1 .4
bar/ms 74.% 7L.7 71.3 68.3 47.4
01l temperature deq I 6.0 8c.0 8C.0 £4.0 &£2.0
Warer [N temperature deg L IN.0 2.0 52.0 5.0 $7.0
Water 0T temperature deq 7T TT0 78.0 8z.0 o ¢
Exhaus® remger Ature dey v Lar.n 1es.o 151.0 14,0 1.7,0




ENGTINE TEST RS T FAGE 28
ENG INE FLEL DATE 10/%5 /8%
MAKE FOORD DISTILLATE D15T 100 TEST ID UNTDOL10
MOIDEL 000 DENSITY Kg/1 0.843
Noo i 3 TAL VALLE MJ/Kg 42.79%
CAPA ITY o SR80 DYND TORCUTC FACTOR 25,61
TENGINE SFETD  (NGMINAL) 00
TM.E CONDITTON 20 deg wTOO
Observeyd load N 0.%8
Observed tTor que NM - *.0
abser 4¢3 vpeed 1% 2t ] a1
Db served power KW - ]
Alr temperature deqg I 22,0
Rarcometr i pressure mBar 1022.2
Carcecticon Factor 0.987
Corrested torque N 2.0
Corrected gower (%] ]
Fuel <onsumed Jms 14.9
Measurement time secands 73.580 .
Fuel mass §low gms/se 0.20
B.S.F.i. gns KW/ hr 17R8.2 ~
Thermal effaciency “ 3.0 —
Fuel tenperature deg 32.0 I
Fumg delivery/strore mme 3 11.9
magms S.6
start ¢f i1hjection dey. max 17.2
min 14.9
mean 16,1
Start of combustion degqg. max Q.2
min 7.5
T mean 8.6
I3nition delay deg max 2.1
man 7.0
mean 7.4
Ignitien delay ms max 1.£47
min 1.421
mean 1.510
Max. cylind2r pressure bar 8.9
Mar., pressure raise bar /deq 7.7
bar /ms 7.8
M1l temperature deg C 21.0
Water IN temperature deg C &e7.0
_ Water. OUT temperature deg C €5.0
Erhaust temparatare Ay ¥ L0




EMG INE
MAKE FORD
MODEL. 2000
No CYL 2

CAPACITY <o @ 28¢0

ENGINE SPEED (NOMINAL)

Observed load N
Observed torque NM
Observed spced (2 I
Qbserved power KW
Air temperature deg C
Bar amatris pressure mBar
Correcticon vactor
Corrested torque NM
Torrected power KW
Fuel consumed gms
Measur ement taime secongs
Fuel mass flow gms/sec
BR.S.F.l. qmns /KW/hr
Thermal effroiency b
fFuel tremperature deg C
Pump delivery/sirote ome3
mgms

Start of injection deg. max
min

mean

Start of combustion deqg. max
min

mean

Ignition delay dea max
min

mean

Ignition delay ms max
min

mean

" Max. cylinder pressure bar
Max. pressure risev bar /deq
bar/ms

011 temperavrure deg C
Wit~ IN tempuorature dey
-Warter QUT temperature deq O
Fabaislr Tempor arare deq

ENGI... TEST KESIN
FLEL
DISTILLATE ¥
DENSITY Kg/1
CAL VALUE MI/Kq @ 4
2000 1700

100 % LOAD (Neminal)

1€.30 A7 .77
130.5 142,73
z0S0 1744
8.0 28.0
0.0 1.0
1oz2.2 1022.2
0.991 0.99z
129.3 141.2
@r.9 5.6
20.4 a8,
£9.590 34,790
2.72 2.47
“5¢.5 %45.5
23.9 24.4
32.0 %2.0
63.€ 84.1
53.0 S&.8
25.6 27.%
25.5 zr.z
25.¢6 27.3
.7 14.5
1.9 13.6
12.5 13,
13.7 13.2
12.8 1e.7
13.1 13.9%
1.11€ L322
1.044 1.215
1.063 1.z88
93,98 102.0
2z.0 0.
270.0 211.%
a4.0 a9.0
€4.0 YL
e3.0 4.0
410.0 aLz. o

1=

1IST 100
0.84%

2.7%

1400
2€ deg BTDC

17.75
142.1
1435
21.4

30.0
1022.2
0.991
140.3
21.z2

89.2
A4%.190
2.11
359.8
23.4
33.0
70.8
58.9

28.1
27.3
27.7
15.4
15.3
15.4
12.7
12.0
12.4
1.470
1.330
1.437

102.7
19.1
164.3

Q0.0
74.0
4.0
337 .0
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EN TNE
MARE - ORD
MODEL 2000
Nce CYL K
CAPACITY o« 22¢0

ENGINE SPEEDL (NOMINAL D

Observed lcad M
Qbserved torgue NM
Observed spved RFM
npserved power KW
Alr temperature dJeq C
Rarometr1c pressure mBar
Correcrion facror
Corrected toraue NM
Carrected power W
Fuel consumed qms
Measiurement time seconds
Fuel mass flow yms/sec
r.s.F.C. qms /KW /hr
Thermal effrzrenly b
Fuel temperatrure deq C
Pump delivery /stroxe mmeI
mgms

Start of 1njection deq., maxy

min

mean

Start of combusticn deq. mar
min

mean

Igynition delay dey max
min

mean

Igniticen delay ms max
min

mean

Max. cslinder pressure bar
Max. pressure r1se bar/deq
bar/ms

Q11 remper ature deg C
Wate:s I temperature deg T
Water T temperatuce deq €
-

Fehas?r Temprrature dayg

ENGINE TEST RESWULTS FAGE 30

FUEL
LYSTTLLATE
DENSLTY K/l
CAL VALUE MJ/Kg

2000 1700

&7 ¥ LDAD (Nomisal)

LDATE : L0 0%5.85
DIST 100 TEST 1D UNIDGLL
0.843
az.75

DYNO TORQUE FAIZTOR 33.61

1400 1100 #00

2¢ degqg BTDC

11.46 10.84 11.38 11.45 11.27
31.8 86.8 4.1 91.6 30,2
050 1738 1432 1152 815
19.7 15.8 13.7 11.1 7.7
3.0 29.0 20.0 £29.0 29.0
1022.2 1022.2 1022.2 1022.2 Lo22.2
0.989 0. 989 0.991 0.98% 0.989
30.92 8%5.9 90.3 90.€ 49,13
13.3 15.6 13.9 10.9 7.8
a2, a5.1 47 .8 48,3 53,4
z9. *4.790 42.190 S$2.3%0 "L 980
L 1.30 1.43 0.32 0.72
02,7 z98.5 01,3 203.5 4.1 |
2 28.2 27.9 27.7 24,7
ik 3.0 4.0 ©4.0 23,0 ~
24 35.9 38.0 38.5 42.5% w
K za.8 3L.8 32.0 35,4 i
21.2 21.9 23.7 24.93 x2,7
z0.8 Z1.7 23.5% z4.4 2.6
21.1 21.8 23.8 24.3 z2.7
a.l 10.9 12.7 14.¢ 14.86
3.0 10.0 12.7 14.5 14,5
a.1 10.7 12.7 14.5 14.¢
12.0 11.9 11.0 10.0 4.2
11.8 10.8 10.8 9.9 8.0
12.0 1.4 10.9 9.9 8.1
0.979 1.137 1.280 1.444a 1.677
0.353 1.03S 1.2%58 1.430 1.83%
0.972 1.068 1.268 1.437 1.683
20.3 82.3 8s5.2 88.0 24.2
12.5 13.9 14.1 15.2 1%.5
153.8 134.6 120.9 104.8 €8.0
0.0 1.0 1.0 es.o 27,0
€3.0 S4.0 0.0 a8.C a7.0
20.0 72.0 7.0 79.0 7.0
297.0 250.0 33,0 220.0 212.0




ENGINE TESI RESULTS FAGE 1
ENGINE FLIEL LATE © 10. 0% RS
MAKE 1" ORD LISTILLATE - DISY 100 TEST ID . UNIDOLL
MODEL 2000 DENSTITY Kg/1 0.%49
He CYL ] CAL VALUE MJI/kyg 42.7%
CAPACTITY oo 280 DYNO TORCGUE FACTOR @ 13%.6)
ENGINE SPEED (NOMINKL) Q00 1700 1400 1100 K00
I3 W LOAD (Neminal) 26 deg BTDC
Observed load N LA 4,192 4.25 4,42 4.51
Dbserved torjuc NM 3T Xx3.93 34.0 35.3 e,
Obsérved speed KFM z048¢ 1744 1425 1129 2z
Qb served fower KW 8.0 .1 5.1 4.2 3.1
ALr temperature deg C 3.0 #8.0 28.0 28.0 28,0
Rarcmetric pressuyres mBar 1022.2 Loz2.2 1022.2 1022,2 1022.2
correcticon factor 0.%8% 0.987 0.987 0.987 0.%R7 1
Corracted torque NM 26,9 331 33.6 34,9 33.7 o
Corrected power KW 7.9 €.0 5.0 4.1 2.1 v;:
Fuel consumed Jms 29.4 26.1 23.9 26,13 26.7 )
Measurement time seconds 29.7%0 *4.,.7%90 42,330 33.330 73,380
Fuel mass fFlow gms /sec 0.93 0.75 0.81 0.43 0.6
R.S.F.C. gms /KW /he 448.9 447 .1 43%.0 a4z9.¢ azs,7
Thermal eff1:1ens; b 14.8 18.8 19.2 19.6 13.7
Fuel temperature deq C x3.0 Fx.0 32.0 33.0 33.0
Pump delwverzy/strone mmeY 23.2 20.7 20.6 20.9 21.3
mgms 19.3 17.2 17 .1 17 .4 17.7
Start of injection deqg. max 18.8 17.93 20.0 22.7 20.3
min 17.7 17.3 19.9 21.8 26.8
mean 18.1 17.9 20.0 22.35 20.%
Start ¢f comdbustion deqg. max 5.7 8.5 9.2 12.7 1e.7
min 5.5 5.4 9.1 1L.9 12.7
mean 5.6 8.9 9.1 12.2 12.7
I9niticn delar deyg max 13.1 11.1 10.9 10.8 8,2
min 12.0 10.8 10.8 9.9 8,1
mean 12.5 11.0 10.8 10.2 8.1
Ignition dela, ms max 1.0G7 1.0%5¢6 1.273 1.,3%8 L.65%
min 0.377 1.037 1.261 L.ASa L.649
- T T mean 1.01%5 1.091 1.267 1.522 1.633
Max. cylainder pressure bar BE .3 64.0 658.9 689.6 67,2
Max. pressure rise bar /deqg a.3 7.5 Q.6 10.8 SIS
bar/ms 101.9 78.¢6 81.% -] 45.0
1]l remperature deq C ar.0 a8r.o 87.0 85.0 84,0
Water IN temporature deg 1T 41.0 37.0 5.0 0.0 43:.0
Water fhil remcer ature  deq U .0 .0 7.0 7.0 7.0
Cahs L3 Pampss AT YL dey v 1'3%.0 Le’ o 151.0 136€.,0 1A,




- - aap———

ENGINE TEST RESUL VS FAGE X
ENIG INE FLEL ODATE : LO. 05 8S
MAKE FORD DISTILLATE DIST 100 TEST XD : UNIDO1)
MODEL X000 TENSITY Kg/l1 . 0.849
No CYL 2 CAL VALUE MJI/Ka . a42.75
CAPHNIITY <o 2260 DYND TORGLE FALTOR @ 35,81
ENGLNE IPEED (NOMINAL) a00
ICLE CIONDITION o€ deg BTN
Observed load N 0.37
Dbserved torue NM 2.9
Qbser ved speed KM are
Npserved power KW .2
Alr temperature deg C 7.0
Barometr1o pressure mBar 22,2
Correction §$actor . 0 .98¢
Carrected torque NM 2.9
Corrected gowernr KW -
Fuel consumed gms 14.3
Measirement Time seconds 7.0
Fuel mass fFlow Jms/ses 0.2 \
H.R.Fal. qms /KW/hr #811.5
fhermal esf1c1ency “ 2.0 g
Fuel temperature deqg C 3Z.0 w
Pump delivery/stroke ome3 11.4 |
ngms a.%
Start of 1njectien deg. Mmax 21l.%
min 19.8
mean 20.2
Start ¢F combusticon deg. max 11.8
min 10.9
mean 11.1
Ignitren delay dey mazx 9.8
min a.a
mean 3.1
Ignition delay ms max 1.980
min 1.773
mean 1.842
Mar. <ylinder pressure bar 92.4
Max. pressure rise bar /deq .2
bar /ms 28.5
K11l remperature deq C 3.0
Warer IN temperiture deg 47 .0
Wate- DT temperature deqg C 75.0
Taha.3r Tamper At deyg !V L0




ENs> TNE
MAKLE + ORD
MOLEL 2000
No (vl =
LVARPALTTY oo Sae0

ErosINE IFEED (NOMTNAL )

Qb Ler v lead N
pserved Tor-aae NM
MNheer ved speed KPM
Abser ved power KW
Alr temper ature deq
Raromerric pressure mBar
Correctaon fFactor
Vit rected torque N
Corrected gower ]
Fuel counsumed gms
Measurement time secunds
Fuael mass fFlow gms /s
LS FLC. qms ) KW/ hr
Thermal eff1crency 7z
Fuel temperature degq C
Pumg delivery/stroxe mme:3
mgme

Start of 1njection deg. max
min

mean

Start of combustioh deg. max
- - min
mean

Ignition delay deyg max
min

mean

Ignitacen delay me max
min

mean

Mai. Crlinder gpressure bar
Max. pressure rise bar/deq
bar/ms

01l temperature deg
Witer TN temperature dey
Water T temp-erature dey
Fthanat temporatar s degq o1

far}

L

CNSINE TEST RESUILTS

FLIEL
UISTILLATE nrs1 100
DENZITY Kg/1 0.24%
CAlL. VALUE MJ/Kq - 2.75
<000 1700 1400

100 ¥ LDAD (Nominal) 14 deqg BTDC

19.03 &0.47 20.7¢6
1s2.9 1€3.9 1€8.2
0S¢ 1711 1428
2.3 23,3 24.93
2.0 *1.0 20.0
1022.3 1022.2 1022.2
.98% 0.992 C.991
130.% 182.2 164.7
3.4 293.1 24.6
0.2 26.0 93.1
29,590 35.%9%0 42,5390
Y § 2.43 2.10
X00.¢ 30L1.0 307 .2
29.0 23%.0 27.4
32.0 33.0 2.0
683.3 88,2 70.6
52.8 S5&.8 58.3
14.2 15.¢ 16.4
13.9 14.8 15.7
13.9 15.4 18.2
4.7 7.3 a.3
4.5 6.5 8.2
4.¢ 7.0 8.2
9.4 3.0 8.2
“.2z 8.1 7.4
9.3 8.4 8.0
¢.788 0.840 0.959
0.743 0.733 0.963
0.758 0.82¢ 0.933
81.3 22.0 99.8
11.2 31,3 11.0
137.2 115.7 94.6
az.¢ Q9.0 89.0
59.0 &7 .0 6g.0
2.0 8.0 a1.0
A424.0 420.0 402.0

CATE
TESRTY

DYMND TORGLIE FALTOR
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ENGINE
MAKE FORD
MODEL 2000
N CYL K]
CAFACITY <o R0

ENGINE FEED (NOMINALY

Obsérved 1l-sad N
Odserved torque NM
Observed cspved ~PFM
Odserved paowsd nW
Alr temper ature deg T
Rarometrie pressure mBRar
Correcticon factor
Corrested torque NHM
Corrected power KW
Fue! soansumed gms
Myacirement e ceconds
Fuel mass flow yms/sec
R.S.F.C. qms KW/ hr
Thermal eff1c1ency b
Fuel! temperature deq C
Pump delavery/stroke mme
mgms

Start 0fF 1njection deg. max
min

mean

Start <f combusrion degq. max
min

mean

Ignition delay dey max
min

mean

Ignition delay ms max
min

mean

Max. <ylinder pressure bar
Max. prescure rise

11 temperature Aeg C
Watar IN temperature deq U
Water MJT temper ature deq
Eth3ust temperature deg

ENGTNE TEST REZILTS

FUEL
UTSTILLAYE
DENSITY Kg/l
AL VALUE MJI/K

9

nNIST 100
0.849
42.75

2000 1700 1400
&7 % LOAD (Maminal) 14 deg BTDC
11.07 10.97 11.15
3.7 ’7.8 83.2
2050 1740 1435
13.0 18.0 13.8
0.0 o9.0 29.0
1022.3 1022.73 1022.72
0.991 0.989 0.989
37.4 8¢c.3 /8.3
18.% 13.8 13.4
45.3 43.95 8.7
19.5%0 24.79%0 4)..790
1.5% 1.295 1.0%
e ] N 284 .4 Z280.5
29.4 23.6 30.0
24,0 *4.0 34.0
3c.4 34.3 34.7
30.3 z8.v 28.8
9.3 10.2 11.0
2.6 10.2 10.9
9.1 10.2 1l1.0
-.6 1.3 3.1
-1.7 1.0 2.9
-1.4 1.1 z.9
11.¢ 9.2 8.2
Q.9 2.9 7.8
10.5 9.1 8.0
0.892 0.881 0.937
0.203 0.85¢ 0.895
0.85¢6 0.889 0.923
€0.3 64.7 66.8
e § 7.7 2.2
87 .7 20.6 71.6
88.0 /9.0 89.0
43.0 a45.0 42.0
7.0 72.0 78.0
2re.0 242.0 222.0

FAGE 4

DATE
TEST ID

DYND TORGIE FACTIOR

1100

31.35

wz. 4
1138

11.0

8.0
1022.:3
0.987
a1.3
10.9
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ENGINE TEST RESULTE FAGE X%
ENGINE FUEL DATE :© 10 0%:8%
MAKE DISTILLATE DISY 100 TEZT 1D UNIDOLY
MODEL DENSITY K3/1 0.843
No CYL CAL VALUVE MY/Kg 42.75
CAPACTITY o DYNZ TORRLUE FACTOR 35.61
ENGINE SFEED (NOMTNAL) 2000 1700 1400 1100 200
B T2 4 LOAD (Nominal) 14 deg BTDC
abserved load N 4,68 F,a€ 4,33 4,44 qA.z5
Nbserved torame N 7.5 3.7 3I6. 4 3%5.9 *4.,0
Obser ved speed RPM 2031 17435 1430 1133 A7
Ibserved power KW a.0 5.2 S.4 4.2 2.2
Alr temperature deg 28.0 N0 z8.0 z8.0 7.0
Rarametric pressure mBar 1022.3 1022.32 1022.2 1022.¢2 1022.2
Correcticn factor : 0.9%7 0.989 0.987 0.907 0.%8¢
Corrected torque NM 7.0 31.4 35.9 3.1 3.3 i
Cerrected power KW 7.9 5.7 S.4 4.2 o, o
(=
Fuel zonsumed qms 29.3 2%.2 26.1 27 .3 26.9 el
Measurement tvime seconds b T 1 1o 4,790 42 .3290 $§3. 300 7%.7%0 |
Fuel mass flow gms/sec 0.98 0.72 0.62 0.351 0.36¢
R.S.F.C. gms /KW/hr a4 .9 454 .9 411.9 A47 .4 437 .0
Thermal efficiensy b 18.89 18.3% 20.4 13.0 18.4
Fuel temperature deq U 4.0 z4.0 4.0 33.0 3z.0
Pump delivery/stroke mme3 23.1 20.0 20.7 2..7 nl.4
mgms 19.2 16.€ 17.2 8.1 17.8
Start of injection deg. max 7.€ 6.4 8.4 11.0 10.0
min S.9 S.7 8.2 10.% 9.2
mean 6.9 5.9 8.3 11.0 3.5
Start of combustion deg. max -S5.0 -4.1 «3 4.7 4.6
- - ain -5.7 ~5.1 -6 3.8 3.7
mean -5.4 -~4.5 -1 4.0 4.0
Igniticn delay deg mazx 12.7 10.8 8.9 7.2 e.4
min 11.€ Q.9 8.0 6.3 4.9
mean 12.2 10.4 8.4 7.0 3.3
Ignition delay ms max 1..03%9 1.032 1.041 1.0€0 1.277
ain 0.954 0.948 0,933 0.3923 1.02%
mean 1.012 0,989 0.982 1.0z28 1.148
Max. cylinder pressure dbar 49.3 49.9 S6.6 €elL.7 58.2
Ma:. pressure rise bar/deg .4 3.9 c.8 e.1 7.7
bar/ms 41.0 40.3 S58.4 $5.3 8.7
il teaperature deg C R7.0 07 .0 6.0 8a.0 22.0
Water IN temperature deg ©© 24,0 24.0 35.0 aL.o 51.0
ater QOUI temperature deg € F7.0 7.0 75.0 L0 77.0
et rtemper ature dey 200.0 1e3,0 154.0 14,0 L23.0




ENGINE
MAKE FORD
MO 2000
N CYL K}
CAPACITY oz 22e0

EMNGING SMECH (NCMINAL)D

I E
AR -ervwed load N
Observed torjue N
ihaer ved spevd RFM
D served power KW
Nlr Temperavure deq C
QA metr 1o pressure mBar
Carrectian §actar
Coreaoted torque NM
Coarc=lted power KW
Fual <onsumed qms
Measurement time seconds
Fuel mass flow gms /se
B.3.F.C. gms /KW /hr
Thermal efsfrc1ency %
Fuel temperature deq U
Pump delivers/stroke mmed

mgas

Itart of injection deq. max
min

mean

Start of combustion deg. max
min

mean

Igniticn delay deg max
min

mean

Igrnitaon delay ms mazx
min

mean

Maz., cylinder pressure bar
Max. pressure ri1se bar/degq
bar /ms

Oil temperature deg C
Water IN temperature deg C
Water NUT temrerature deg C
Ethinst remperarare deg ©C

EMGING TEST RELARL TS

FLEL

DISTILLATE
PENSITY Kg/1

CAL VALLUE MJ/Kq

800

CONDITION

t)
-]
[
LONWT
L Q0OL

-

[
S0P O

@R NNG

WVRNIVNW O QOD-NO

As~N
N

1.2

52.3
6.
31.3

79.0
S2.

7S5.0
3.0

14 deg BTOLC

DISY 100
0.849
.79

PAGE 36

DATE
TEST ID

DYNDQ TORGUE FACTOR

10 0% 8%
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ENG INE
MAKE FORD
MIDEL 3000
Na CYL E

CAPACITY o 23¢0

ENGING ZFECE[D (MNOMINAL)Y

Nphser sed lwal N
Dbesrved tor yus MM
Dbszr ved Speed ~RPM
Oy served power KW
ALr Tomreratur e deq C
Barometr i presiure mBar
arrection Sactoer

DERY RS T 3 X I S DR NM
Correctsd fower [N*)
Fuel consumad gms

Mez2sur+ment time sesands

Fu2l mass flow gms /sec
23R LD ams /W /hr
Thermal @Ff1:20 102 v
Muel temperature deq C
Pumg delivery /st ke mme3
mams -

Start of ins2ction dejd. Mmax

min

mean

Start ¢f comdbusticn deg. max

min

mean

Ignitiven delas deyg manx

min

mean

Igrnitaon delay ms max

min

mean

Max. czlinder pressure bar

Max. prressure rise bar/deq

bar/ms
1l temperarture arq
Watzy TN temser ature deg
Water MOIT temperature deg
Tahaasr rampearargre dey

YEpRwial

FHGINE TEST RESULYS

FUEL
LMULSION |
DENSITY Kyg/l
CAL. VALLE MJ/Kg

000 1700

€7 X LOAD (Neminal)

TEGINZ . %
0.84%
I8.62

1400

14 deg BTOC

10.80 21,36
26.¢€ 30.3
=042 1744
12.9 ie.6
22,0 28.0
1022.% 1022.95
(o1 V) 0.987
as.9% an.3
18,32 16.4
43,3 45.0
SRTA0 34,790
L.68 1.41
EReANS | I0%.4
8. 0.1
2.0 z.0
9.0 23.8
2.5 32.2
9.2 1.1
a.s% 10.3
3.0 10.9
-.7 2.0
-1.4 2.0
-.9 2.0
10.0 9.2
D2 8.3
D3 8.9
0.817 0.878
0.732 0.794
0.803 0.848
61.3 65.6
e.¢ T2
20.4 76.8
nwr.e Q7.0
<20 47.0
TR.0 T8.0
2rT.o 48,0

11,5z

2.2
1440

13,9

8.6
1022.5
0.987
9.1
13.7

43.0
42.000
1..L7
205,80
30.9
Bz,
8.9
2.4

12.1
1.2
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ENGINE
MAKE "orD
MODEL 2000
Ne CYL K]
CAPACITY <o 280

ENGINE SFEED (MOMINAL »

Dbs«rved load N
Obswr ved tor yue N
Obse: ved speed RFM .
Nbserved power KW
Air temperature deg €
Barvmetr i< presiure mBar
Correctian factaor
e fected tTOr jue NM
Carrected power KW
Fuel consumed Jms
Mzasurement taime seconds
Fuel mass §low yms /e
B.Z.F.C. ams /KW/hr
Thermal effr1crenc: P
Fuel remperarture deq C
Pump delivaer:/etroke mme3
mqms

Itart of injection dey.,  max
min

meaAn

Star t of combusticn deg. max
min

mean

Ignityan delay deyg max
min

mean

Ignitian delay me max
min

mean

Mar. crlinder pressure bar

Mac, [recsure ©1se bar /deg

bar /ms
Q1! temperature deq C
Wate: TN tomporatur e deyg
Wazte: (UIT temperature  deq €
Eeraast temperatar e 4 T

EMNGINE TEST RESULTS

FLIEL
EMULZION TEGDN3.9
DENSITY Kyg/1 0.84%

CAL VALUE MI/Kq : 38,62

2000 1700

23 X LODAD (Nominal)

4.0% 4.08
3.8 32.8
2044 1727
7.0 5.9
28.0 <€.0
1022.% 1022.93
0,987 0.984
x2. 2.1
6.9 S5.8
X0.0 28.2
29.7%0 ¥3.190
1.01 0.80
IL3.6 A496.3
17.8 18.8
3.0 32.0
23.7 22.3
19.7 18.6
G.3 3.8
€.2 4.8
6.4 3.3
-3.2 -4.1
“6.8 -4.7
=5.9 -4.3
13.1 10.3
1.6 9.1
12.3 9.9
1..067 1.014
0.948 0.879
1.00% 0.9353
48.7 S0.32
2.6 4.1
44,32 42.3
8s.0 a3.0
35.0 24,0
Te.0 TR0
130.0 we, o

1400

14 deg BTDC

A.29
34,

1432

S.1
&7.0

1022.3

3.7

)

OWVWO XU ANDOM
N o

[3 ]
DdF FOFMOVWWwWrRUA

%

FAGE &

DATE © 10 05 =S

TEZT ID LINIDC

LYMY TORGUE FACTOR 3%.k1L

1100 240
A.54 A.7%
.3 LB
1138 azs
4.3 .3
<8.0 28,0
1022.9 I
0,987 Q.%87
5.3 7.8
A.3 3.L
8,2 w0
82,190 TR, 80
0.33 Q.27
A47 . ¢ A0, 2
20.8 P -
3.0 8.0
Z2.4 2L.9
18,7 17,9
11.1 iL.7
10.4 1.1
0.9 11,3
2.9 €.A
3.7 5.8
s.8 5.8
7.2 T
€,.6 5.3
o § 5.3
1,063 1.1€0
0.371L VL 073
1..080 1.12e
81.9 €0.8
7.8 4
51.6 L b
8.0 a1.0
44,0 52.0
76,0 7.0
1L37.0Q 16,0

- -



EINTINE
MAKE FORD
MODEL 3000
No CYL J

CAPACITY o o260

ENG INC SPEED (NOMINAL)

IOLE CONDITION

Obhserved load N
b served torque NM
Tbser ved Speed [S{(d,]
Db served power W
Alr temperature deq I
Bar smetrila pressure mBar
Corsection Factor

CorreTted Tor que NM
Torrected Fower W
Fuel consumed ami
Measurement time seconds
Fyel mass §flow gms /3¢

A0 2 S
Thermal _fFic1engy

ams /W /hr

b

Fyel temperature deq €
Pump dxlivery/stroke ‘mme 3
mams

Start of injection deg. M™az
Mm1n

mean

Start of combustion deg. max
min

MmN

Ignition delay dey max
min

mean

Ignmitaicn delay ms max
min

Mme 1 O

Mazx. <rlinder pressure bar
Mar. prassyre rise bar/deg
bar/ms

Ayl s:mperature deyg C
Wat:xr IN temperature deyg C
Water T vemperature deq U
Cerhagst remperature dey ©

UMGINE TEST RESULTS

FUEL
EMUN.SION TEGDNZ, 9
DENSITY Kg/l 0.843
CAL VALUE MJ/Kq 38,62

fAGE 40

DATE . 10 05 33
1EZT ID . UNIDULE

DYND TORGUE FACTOR @ 29.€L

14 dey BTDC

s s e o o 8 o & o
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CRNGINE, TEZY RETINYS FAGEL &),
EMGINE FUEL, TANG Lo 05 4%
MAKTL rFORD EMLUILZION - TEGDNG .S TEST IL UMNIC A
MIDEL 3000 DENSITY Ko/l . 0.84%
P YL x CAL. VALUE MJ/iNq 3_,62
CARFNT TTY oo 282e0 DYND TORCHLIE FAL TOR 2L eL
Eraslnt’ SFEED (NOMINAL) “o0o 1700 1400 1100 &uo
100 ! LDAD (Noeminal) 20 deg BYOC
e~ L1 load N 17.4¢ 18,77 18,24 14,00 18.¢4
OB gur v xd T Jue NM LI, 2 130.72 152.0 152, % 14,2
Thser 4 spend r:FM coe? 17av 1425 3 L3e 874
MM s er ved fower KW 2.7 272 22.8 12,1 \2.0
Alr temper Ttur e deyg ¥ 9.0 0.0 0.0 3.0 a%.0
Dav smetrie Fressure mBar 022.9% L022. 1022, loxe, L022.%
Liwrectitn faLtoer 0.8% 0.991 0.9%1 (1,0 0,989
Coarsented toer e NM L322 142.9 1%50.5 151,11 147 .6 |
Viows ected ower W 29.3 26.9 2z.6 18,0 12,9 ~
~
Fyel vonsumed gms 20.2 25.9 2.7 AL, 23.0 &
Mzazurement timg secends BRUSIETY 35.190 Al 190 CEL LA P! 14 !
Fucl mass §flow gms/se 2.87 2.44 2.47 L0 (I
B.S.F.7, ams /KW/hr NS T S36.4 338,.4 A%, 8 <L 1
Thermal esdicivency by 28.4 28.6 7.9 27 N
Fael temreravure deq C 2.0 3z.0 32.0 &%.0 2z,
Fump delivery/stroke mme} 83,7 &7 .2 71.1 72.6 70.7
mgme Sz.a 4.8 59,3 £0.4 8=z.0
Trart of 1n,ection deg. max 13.2 21.0 21.2 22,7 17.3
min 19,2 20.9 1.8 il R 16,68
mean 13,2 20.9 21.8 22.2 17.4
Start of combustion deq. max Q.1 11.1 1.7 BRGNS 11.1
min 8.2 10.9 11.8 13.¢ 10.9
mean 8.6 11.0 1z.1 13,7 11.0
Ignitr 'n delay dey max 10.3 10.1 10.0 3,0 LR
min 10.4 9.8 2.4 a.z 5.6
mean 10.¢ 10.0 3.7 a.5 G.1
Ianition delay ms max 0.8128 0.970 1.16) 1.31% 1,263
min 0,432 0.943 1.061 L.20u 1,127
mean 0,87z 0.98% 1.125 1.2%90 ).228
Max. cylinder gressure bar 90.9 935.2 35.9 ar.8 0.6
Mar., rressure rise bar/dey 1z.0 14.5 15.0 14,9 0.9
bar /ms 1E7 .6 143,49 128,98 LoL.2 52.3
Ol remperature deg C 8. 5.0 r.0 ar.o 83,0
WATes LN toemperature deyg © 4.0 $3.0 63,0 £5.0 3.0
Warter Qi) temper ature deq C an.0 21.0 1.0 as.0 ei.0
Fad ot temperatare deg 1 2WL.0 X720 wr.0 '34% .0 305,0
L) ') 'S




EMNG TNE
MAKE FORD
MODEL 000
No Gy X

CAPACITY .. 2860

CNGLINE TPEED (NOMINAL)

abserved 1o-ad N .
Dbserved UorQue NM
Obser ved speed RFH
b ser ved power KW
ALlr temperature deg C
BRarometr i pressure mBar
Correcticn fsacror
Corrected Torque . NM -
Corrected gower KW
Fuel <onsumed gms
Measurement time seconds
Fuel mass ¢flow gyms /sec
B.S.F.C. ams /KW /hr
Thermal efficrency b
Fuel temperature deq C
Pump deliver;/stroxe mme3
mqms

Start of injection deg. max
ain
mean
Start «f combustion deq. max

min
mean

Ignition Jdelay dey max

min

mean

Ignition delay [ 11 max
min

mean !

Max. crzlinder pressure bar

Max. pressure rise bar/deg
- - s o bar/ms
NDil temperature deg C :

Water IN temperature deg C :
Water QUT vemperature deq C :
Exhaust remporature deg C

LMGING TERT

FUEL

RESULTS

EMULSTON TEGUNZ . %
CENTLTY Kg/1 - 0.84%
CAL VALUE MJ/lig & 38,62
v leld 1700 1400
7 % LLDAD (Noeminal) S0 dey EBTOC
10.9% 11.32 10.62
28.0 '30.8 25.0
2038 1743 144¢
12.8 18.6 12.9
23,0 29.0 29.0
LO22.9 1022.95 1022.53
0.98% 0.98% 0.98%
eT.0 33.6 24,1
19.¢ 1€.4 12.7
S0.2 43,0 48 .9
IR, 790 34,790 41,790
1.71 1.41 1.12
230.7 30%9.8 3)6.8
28,4 30.1 ZH.4
3z2.0 33.0 2.0
40.1 38.8 I7.2
i 32.3 1.0
14,93 16.3 17 .3
14.7 1%.5 1.3
14.8 16.0 17.1
4.7 7.3 8.3
3.7 6.4 8.2
4.1 6.6 8.3
11.0 10.0 9.1
10.2 9.1 8.3
10.7 9.3 8.8
0.900 0.933 1.047
0.835 0.868 0,357
0.872 0.889%9 1.Nn18
71.2 73.4 76.7
9.8 2.3 9.9
119.86 7.4 4%3.8
ar.o aa.o a7.0
$35.0 49.0 43.0
80.0 8.0 78.0
275.0 244 .0 222.0

1100

11.2%

83.9
14132

10.7

«8.0
1022.73

0.%987

43.8
10.5

42.0
33.3
0.3
307.7
32.0
8.1
31.8

£l
(o]

18.9
18.2
18.4
ii.1
10.9
1.0
7.3
7.1
7.4

DOYND TORQLIE FACTOR

e
’

0

1.170
1.047
J..089

79.2
10.8
73.2

a8e.0
43.0
77.0
200.0

FAGE. AC

10 0% 2%

UN1DOLA

a5.81

800

- 6T -

N
Q

(]
b

o
3
2
6
476
2
3
9
4




(NG INE
MARC I"ORD
MODEL z000
N+ CYL kS
CARNLITY oo 220

ENSINE SFEEL (NOMINAL)

Observed load N
Nbser ved Torques NM
Qbeerved sprevd RFPM
M ser ved power KW
ALr temrerature 4¢q C -
Barometris pressure mBar
Correction facror
Corrected toruw HMe
Correcteqd power KW
Fuel consumed gms
Measurement time teconds
Fusl mass 71w gms /sex
B.S.Foa, ams /KW/hr -
Thermal efFfr1acrens . P
Cusl timpirature dey C
Pumi delivaers ‘stroxe mme3
mamse

Ttatt ofF angection deg.  max

min .

mean

Start f combusticn deq. Mmax
min

mi an

Ignttion delar dey max
min

mean

Ignitircn delay ms max
min

mean

Mazx. crlinder pressure bar
Mar. rressure rise bar /deq
bar /ms

"1 thmperature deqg 1
Warsr IN temgeravyr Agg T
Water OUT temperature deq C
Eshag=r toempor ature dc--'; [

ENGINE TEST RESULTS IFAGE 4%

FUEL DATE = 10 0% 4%
EMULZION TEGDNG, & TEZT ID UNJTDCILA
DENIITY Kg/l 0.249
CAL. VALLIE MI/Kq @ 38,62

DYMJI TORQUE FACTOR I3.81L

2000 1700 1400 1100 800
¥% ¥ LOAD (Nominal) 20 deg BYOC
4.5% 4 .43 A.4) 1,49 4,0
3. 35.53 35,3 35.¢ 14,3
032 1744 1440 1129 ao7
T S.5 5.3 4,2 2,9
79.0 28.0 27.0 28.0 7.0
1022.5% 1022.5 1022.5% 1022.5 1002,
0.989 0.987 0. 98¢ 0.98" 0.90%
35,9 3%.0 %4.8 5.1 ¥3,8
7.6 6.4 5.z a4,z .0 !
N
31.8 29,1 22,4 20.7 AL P
29.970 34,790 AL 900 55,550 TR 7RO
1.05 0.84 0.u8 0.7 0.2 '
A97 3 A70.7 Aca,4 498, 6 $07,€6
1a.7 19.8 20.1 18.8 17.7
TX.C 33.0 2. 2.0 2.0
24.9 23.0 22.% 24,4 24,7
0.8 19,2 18,0 0.3 0.7
12.7 11.2 11,3 17,2 17,2
12.3 11.) 11.1 16.9 16.3
12.4 11.2 LL.7 1.9 16.6
1.2 2.1 2.8 9,3 10.9
L.c 2.0 F.0 a9, 10.0
1.1 2.1 3.6 9.2 10,3
11.5 9.2 8,2 8,0 €.5
11.2 9.0 8.1 7.2 6 2
11.3 9.4 A.L .7 3,3
0.943 0.881 0.9 1.188 1.244
0.919 0.856 0.0 1.067 L..82
0.931 0.870 o 1.141 1.209
€0.1 €0.2 €0. % 58, ¢ 66,5
7.¢ 6.1 c.9 .8 a4
2.0 4.0 3,3 £6 . 6 48,6
8.0 8€.,0 25.0 84,0 22,0
30,0 27.0 40.0 41,0 52,0
V.0 6.0 7.0 78.0 7.0
12¢.0 137 .0 14n,. 0 10,0 1*L.0



E M5 UNE
e}t Y ORL
MODEL 1000
RMoCYL B
CARACTITY gcitied

ENSGINE SFEED (NOMINAL Y

e
Oy served 1ad ]
b gar vad Taor yue 21y
Ohegerwed erevd [RiRly]
dhgerved gower W
AL témMEer atur e dea
Barametric pressare mBar
Carrecticn facuor
orrected Toraue NM
Corrceited power W
Fuyel <rnsumed gms
Measurement vime secnide
Fuel mass fFluow IMS S Se
u.S.F.C. qms SEk /b
Thermal effic1enc, Te
Fuel temperarure deq C
Pump deliverr/stroxe mmes
MmQns

Trart of injection deg. mar

min

mean

Irart of combustion deg. max
min

mean

Ignition delay dey max
min

mean

Iani1tian delay ms maz
min

mean

Mast. <rlirder pressure bar
Mai1. pressure rise bar /deg
bar /ms

M1l temperature deg C
Water TN temperature deygy
Water OWLIT temperature dey O
Exhanst temperature deg

CONRDITION

CRGTIHE TEST
FLIEL
EMULS1ION

DENSITY K9/l
CAL VALUE MI/ig

eQ0
20 deg BTOC

9.2

Wi d U ANT

2o A
~3w®

O NDD

(1)
[e2
-

BT S

TEGDNT. 9
0.243

8.6

DYMO TORDUE FALTOR

I"AGL.

L0 O3 29

TEST LD UNIDOLA

N.el

a4

- LT -




ENGINE
MAXE FORD
MODEL 2000
N+ CYL 2
CAPACITY <« 280

ENGINE SPEED (NOMINAL)

St e remper alar o

nserved luad N

Aabs2rved torjuoe NM

Vihgserved sreed ING ]

M served power KW

Alr temperature deq C

Bar-metric pressure mBar
Cor-ection facter

Carrected torgue NM

Car-vcted power KW

Fu:l consumed gms

Meaiur ¢meat Time sesonds

“Fuel mass fFlow gms /se

CIRCENS 20N I qms /UKW /hr

Thermal efficiency b4

Fue! temperature doq o

Pumg delivery,/ stroke mmeX

maine.

_3ta~t of injection deg. max

min

mean

Ztart of combustion deq. max

min

maan

Ign:ition delay deg mazx

min

mean

Ianirtar1on delay ms max

min

nean

Mar. <rlinder pressure bar

Mae., pressure rise bar/deqg

bar/ms

rrl temperatur deg C

wrrer IN temperatuce deg 1

CWates T temper ature  deg U

A3 0

CMGTME TEST RESULYS

FUEL
EMULZION TEGONG., S
DENSITY Kg/l 0.84%

CAL VALUE MI/Kq : 38,¢2

~000 1700

100 ” LOAL (Nominal)

15.92 17.82
127.4 142.7
2019 1732
26, 25.9
23.0 29,0
1022.5 022.%
0.909 0.98%9
12¢.0 141.1
6.6 25.6
0.5 as.¢
*0.190 34.%90
2.87 2.45
360.3 44,2
25.9 27.4
21.0 X1.0
83.3 d
%2.9 86, S
24.7 26.4
24.5 6.3
24.6 26.4
12.0 14.7
11.8 13,6
11.9 14.1
12.9 12.7
12.€ 11.6
2.7 12.3
1.065 1.226
1.044 1.120
1.082 1.18
ar.a 100.7
19.4 20.3
234.7 210.€
ax.0 /7.0
sa.0 5.0
81.0 ar.0
77O 37RO

1400

2¢ deg BTDLC

17.7&
142.73
1447

21,

¢
29.0
022.5
0.92%
140.8
Z1.3
23.53
AL.790

2.14

2eL.4
25.8
31.0
70.9

S9.2

7.2
27 .1
27.2
15.4
14.3
1%.2
12.7
11.7
12.0
1.457

FAGE A%

DATE 10 085 »$%
TEST I0 : INIDOLT
DYND TORQUE FACTOR 35.¢61
1100 ano
18.04 18.10
144.9 144.9
L11e a14
16,3 2.4
30,0 ©8.0
102%.9 1L022.9
0.9%1 0,987 I
142, 1 142.0
16.8 17.2 ~
@
'3l.4 23,2 ]
ST, 9N0 73,0900
1,60 1.4
TR A 95,9
P JR T 26,2
3z, 2.0
fat 7L.0
€0.% 59.2
28,0 22.8
e7.2 2.7
7.7 2L.3
16,4 14.68
e, 14.9
16.4 14.¢
11.€ 8.0
10.8 7.1
Ll.2 7.4
1.73% 1.840
1.619% 1.462
1.687 1.508
101.,7 5.0
al.7 12.2
145.3 %93.9
89,0
7L.Q
Q.0
81,0




Erns THE
MARE
MOLEL
N CYL
VARFATITY <c

[N
Q00

2ee80

ENGINE SFCCD (NOMINAL)

Npbger . -4 lnad

" ser ved torque
Obser ved sreed
Db ser vad power

Alr LTemperature

Bar smetr 1 pressure

Corrgstion factor
Carr2zted torque
Corrected power

_Fuyel vconsumed
Meacsur ement time
Fue! mass fFlow
BoTLUF L,

Thermal evfrciency
Fuel temperature
Eump aelivery/strok

TRitarft ofF injection

se

N

RPHM
KW

deq C
mBar

NM

L

gms
conds

gms/sec
gms /W/hr

e

deg.

deg C

mme :

mgms

mazx
nin
mean

Start of combustion deq. ma:x

Ignirtion delay

Tanition delay

dey

ms

Max. <yiynder pressure
bar/deg

Mace, pressure rise

1l temperature

IN temperatur
Wavter DT temperata
Yahaust temperature

~A T

b

e
re

min
mean
mazx
min
mean
max
min
mean
bar
ar/ms
deg
deg

de g
dey

R En]

NN

‘;
ENGINE TEST RESLRTS
FUEL
EMULSION TEGDNZ. 9
DENSITY Kyg/l1 0.84%
CAL VALUE MJ/Kg 38.€2
z000 1700 1400
67 % LOAD (Nominal) 23 deg RBRTDC
37T 10.4¢ 11.41
(o] 23.38 9L, 3
: 1728 1427
13.4 15.3 13.8
9.0 29.0 “8.0
1022, 1022.3 Lo22.93
0.989 0.98% 0,987
30.0 a2.3 30.2
19.2 1S.1 13.5
$52.3 48.9 32.2
29,990 3I4.7%90 42,290
1.7¢ 1.4% 1,23
jc3c) B 235,95 9.1
28.1 27.38 29.3
z2.0 32.0 32,0
a1.8 38.8 41.9%
4.7 2.3 4.5
21.0 22.0 23.5
20.9 21.0 z2z2.7
21.0 21.7 23.0
a.1 10.1 1z.8
3.3 9.9 12.0
’.9 10.0 1z.6
12.7 12.1 10.8
11.8 10.8 9.9
12.0 11.7 10.4
1..042 1.155 J..283
0.969 1.038 1.159
0.988 1.120 1.219
82.2 a3.2 85.4
12.6 2.6 14.5
154.0 131.4 123.9
20.0 Q0.0 Q0.0
54.0 43.0 45.0
RO.0 TR0 79.0
271.0 237.0 2IT.0

FAGE At
DATE 10 0%. 83
TESZT ID UNINCLS
DYNQ TORQE FACTOR 3%.64
1100 200
11.10 10.%47
28,3 7.9
1139 aoe
10.¢ 7.4
28,0 A0
1022.5 1022.%
0.987 0.987
87.7v 8e.,7
10.95 7.3
5L.7 51.1
S52.990 74,390
0,32 0.89
218.8 338.9
7.2 27.8
23,0 33.0
al.l 40.7
4.3 33.9
24.% 22.6
23.8 z1.8
24.3 22.3
14.7 14.8
13.6 43,7
14.4 1,1
10.7 8.8
9.2 7.5
3.8 8.2
1.3574 1.819
l1.344 1.9342
1.438 1.698
83.2 81.3
15.9 J4.1
105.7 53.9
Q8.0 a7z .0
45,0 48.0
20.0 20.0
21x,0 LAs.,0




ENG [NE
2N FORD
MODE Ealodod

R

CAPACITY <o 860

CMGIME SFTED (MOMINAL Y

4 lead N
saed toraus NM
Theprwed spec M
Ddserved power KW
N1z vemperature deq L
Bar zmetr1l pressure mBai
Coar=¢atian §agtar
cevted Tor jue NM
rected plwer KW
Fuel consumed gms
Measnr “ment time cqcande
Fauel mass flow gms /se
| K SE gms W/ hr
fhoarmal edvizaenc, bod
tuel vtemperatyre deq €
Farz d:lyvery) /stroke mme >
mqms

3TAT oF rpjeitaion degy.  max

min

mean

Jtast of Tombustion deq. Max
min

mean

Ignityran delay deyg max
min

mean

Ijriticen dala, ms max
min

mean

Mac, crlinder pressure bar
M3, [reSewry rise bar/deq
bar/ms

Uil o temperatare deq C
WaTes [N vemperarar e deg 7
edter GlY temperavur e deq O
TAt ALt pemroe avtur o Az ¥

ENGINE TESY RESULIS

FUEL
EMULSION .
DENSITY Kg/1 :
CAL VALLE MJ/Ka

2000 1700

3 X LOAD (Nominal)

4.2
.3
1732

.1

oT.e 7.0
1022.5 1022.%
0 .92¢€ Q.9
TS 33.4
2.0 G.1

2.3 23.7
29,700 24,9
1.08 0.2
498 .3 504.5
L1l 18.5
T30 2.0
25.9 23.5
Z1.2 19.6
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e

QWO NS NT M Dy

.
.

.
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o
FOF OOQGGNGTN
CYUQDLDYUDT YU
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QR RIS UU U DD

.036 .
ey .
.020 .
i) €6.3
fe a.e
105.¢ 89.5%
nyLe ny .o
4.0 41.0
TR0 78.0
127 .0 1Es .0

DYNO TORODLE FACTOR
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EM3INE
MAKE FORD
MODEL 000
t CYL =

CAPACITY co 28e0

ENG INE TPEED (NOMINAL)

TOLE
Onhcerved toad N
hsg re x4 tor que NM
ncer ved spueed RFM
nhserved powar KW
Ny temperature deq €
Rarametric pressure mRar
Larrection facror
Carrected torque NM
Carrected power (7]
Faal consumed gms
Meacur ement time secands
“ruel mass fFlow gms /s
SIS N gmes /iKW/hr
The~mal efficirenc; bes
Fuyel temperature deq
Cump delivery/stroxe mm4+3

mgms

"t

art of 1njection deg.  max

%

min

mean

Srta~t of combustaion deq. max
Tin

mean

Igr:ition delay deg max
min

mean

_ I3yrartion delay ms max
min

mean

Max. <yslinder pressure bar
Mit., pressure rise bar/deg
bar /ms

G:! temprerature deq C
Wwarer IN temperature deyg
wates M) temperature deg U

ferause temperatare deg o

CONDITION

ENGINE TESY REILLTS

FUEL
EMUILSION TEGDNZ. &
DENSITY Kg/1 0.2493
CAl. VALUE MI/Kg @ 28.62

[
7]

N

7ap

ty N

BASO DI

)
[~

b b ) D

QN LB ONW

DYNO

P

DATE
TEST ID

TORQUE FACTOR

AGE A8

10: 05: 2%
UNIDOLS

33.81

1€ —



EMGINE TEST RESILTS FABE 4%

ENGINE FUEL DATE . 14/5/85
MAKE - FORD DISTILLATE ¢ DIST JlCO TEST ID : UNIDCOLE
MODEL . 3000 DENSITY Kg/1 . 0.243
Ne CYL = CAL. VALUE MJI/Kq 42.7S
LAPACLITY <o . 2260 OYND TORQUE FACTOR : 33,81
ErGINE SFEED (NOMTINAL) 2000 1700 1400 1400 200
100 ¥ LRAD (Neminal)d 12 deq BTDC
Observed load N 18.89 £0.11 19,.9% 17,42 19.40
Observed tor jue NM 151.2 161.0 1%99.6 15%5.9 155.3
Db ved spreed et o 2030 1714 1432 1142 a9
ad szrved power KW . 2.3 22.9 24.3 18,6 13.6
Alr temperature deq T 2.0 Zz.0 jcciN H0.0 z0.0
RBar >metric pressure mEar 1021.5 1021.5 1021.9% 1021.5 1021.5
Correction factor 0.9%94 0.394 0.9%¢ 0.991 0.991
Corrected rtorque NM 150.4 1€0.1 199.0 154.1 193.3
Larrected power W 32.1 8.7 24,2 18.4 13.9
- Fuel consumed gms 82.! ag .8 29,1 w2.S ‘31,9
Measurement Time secands 20.000 35.390 AL.790 5,490 71L.780
T 7 Fuel mass flow ams/sen 2.76 2.45 2.132 1.79 1.27
B.SF.C, qms /HW/hr W09.8 We.S 31.7.7 T40.9 39,2
Thermal efsficiency b 27.2 2.9 26,59 24,7 24.8
Fuel temperature deq C 20.0 32.0 23.0 3.0 2.0
Pumg delivery/stroke mme X 4.9 €3.93 70.53 73.:3 72.9
mgms 54,2 S57.1 58.8 61.1 50. 8
Start of injection dey. max ¢ 18.2 13.1 19.9 20.9 14.6
min 17.4 1%.0 19,2 20.8 13.9
mean - 17.7 13.1% 19.2 20.8 14.4
T 7 "5tart of combustion deg. max a.z 10.1 10.9 1z2.8 .2
B min 7.3 9.1 10.8 11.9 9.1
mean 7.7 9.6 10.8 12.6 .1
Tanition delay deg max 10.9 10.0 3.1 2.9 5.9
min - Q.3 9.0 8.4 8.1 4.8
mean - 10.0 9.4 2.9 a.3 3.3
Ignition delay ms mar 0.288 0.968 1.047 1.30L 1.091
min 0.758 0.377 0.364 1L.173 0.933%
mean 0.818 0.916 1.025 1.208 1.052
Mar. czlinder pressure banr 30.8 5.5 96 .3 9.8 23.0
Ma:. pressure rise  bar/deg 13.6 14.3 12.4 14.4 9.4
bar/ms 168¢.92 147.1 102.0 .6 47.%3
Ml temperavure deq C 22.0 4.0 94,0 “E.0 23.0
Warar IN temperature deg 0 $5.0 60,0 63,0 €8.0 €7.0
Water OUT remperature deq C 895.0 ar.o Qr.o a0 &s.0
Er™ausy temper atur - deqg ¥ 420.0 41,0 400.0 0.0 wo2.0

R4 X A



€M INE
MANE FORND
MODEL 2000
Noe CYL 3
CAPACTITY «u 292¢0

ENAYIE SFECELD (NOMINAL)

Observed load N
nbser ved tor-ue NM
(dbser ved speed RFM
e ser ved power KW
Alr temperature deq C
Barometric pressure mBar
Correcricon facter
Corrected torque NM
Currvcted power KW -
Fuel <onsumed Ims
Meacurement Time secunds
Fuel mass §flow gyms/se
R.S.F.C, gms /KW /hr
" Thermal efficiency 4
Fuel temperature deq C
Pump deliver; /stroke mmé3
mgqms

Start of {injection deg. max
min

mean

Start of combustion deg. max
min

mean

Ignition delay deg max

min

mean

Ignitian de'ay [ 1) max
min

mean

Mazx., crlinder pressure bar

Max. pressure rise bar/deg
bar/ms
il temperature deg C

Water IN temperature deg C
‘Hater QUT temperature deq C

Exhaust temperature deyg C

EHNGTNE TEST RESULTS

FAGE SO

FILEL DATE - 14/€/8SF
DISTILLATE DLIST 100 TETT ID . UNIDOLE
DENSITY K9/l 0.943
CAL VALUE MI/Kgq : A42.75
DYNO TORQUE FACTOR : 35.¢l
2000 1700 1400 1100 800

67 1 LOAD (Nominal)

10.82 10.8¢
2s.7 88.3
2044 1732
12.8 15.8
30.0 30.0
1024.0 1021.0
0.932 0.992
85.93 85.2
12.4 15.8
4S.1 44.0
29.790 24,990
1.51 1.28
296,72 289.¢
28.4 23.1
32.0 33.0
33.95 34.9
29.8 29.0
12.9 13.8
12.8 13.7
12.8 13.7
2.8 4.7
2.8 4.8
z.8 4.6
10.1 9.2
9.8 Q.0
10.0 9.1
0.820 0.881
0.793 0.867
0.814 0.87¢
63.2 7L.3
8.8 9.2
105.7 935.13
90.0 “1.0
52.0 43.0
8%.0 az.0
289.0 2%3.0

12 deg ETDC

11.4% 10.72% 11.59
F2.0 81, %2.8
1438 1127 eas
13,8 9.8 8.1
9.0 29,0 z8.0
1021.0 L021.0 1021,0
0.990 0.9%0 0.988
91.0 82.4 9.7
1%.7 9,7 e.o
4.5 41,9 43,5
42,190 5%.%40 72.180
L.08 .72 Q.0
28%.2 289.S 270.7
23,7 23.1 31,1 i
2.0 32.0 1.0 o
26,0 33,3 34,6 w
30.0 27.7 28.9 b
|
15.% 16.4 12.7
15.4 16.4 12,0
15.5 18,4 12.6
€.8 a1 6.8
6.5 8.4 6.5
6.5 .0 6.5
9.0 7.9 8.2
8.8 7.2 5.5
8.9 7.4 8.0
1.043 1,173 1.237
1.023 1,070 1.103
1.03% 1.099 1.203
7S.0 76.5 70.4
10.6 10.2 .2
91.8 63.0 46.0
€90.0 88.0 86.0
40.0 40.0 39.0
81.0 81.0 81.0
22¢.0 196.0 1A%.0



ENGINE TEST RESLLYS FAGE 51
ENGTINE FUEL DATE - 14/6/8%
MAKE FORD DISTILLATE NIST 100 TEST ID - LINIDOLE
MODEL 3000 DENSITY Kyg/1 0.843
Na © YL @ CAL. VALUE MI/lig : 42,75
CAPACITY <o D260 DYND TORQUE FACTOR © 35,61
- ENSINE SFEED (NOMINAL) 2000 1700 1400 1,100 800

33 ¥ LDAD (Nominal) 18 deg BTOC

Observed lcad
Ndsarved torque
adcerved speed
oy served power

Air temperature
Barometols pressure
Correction factor
Corrected toraue
Corrected pawer

Fuel consumed
Measursment time
Fuel mass flow
B.S.F.C.

Thermal effFi1c1ency
Fuel temperavure
Pump delivery/stron

Start of 1nhjection

Start ¢f combustrion

Igni1tion delay

Igti1ti1cn delay

Mazx. crlinder press
Max., pressure rise

Ml temperature

War-~ TN romeaprarar
Water 1l temperatu
Lrhanst temparature

N

RFM
KW

deq C
mbar

NM

MW

gms
seconds
gyms /sec
qms /W, nr
o

degq C :

e mme3
mgms

deg. max
min

mean

deg. ma:

min

mean

deg max

min ;

mean
ns max
min
mean

ure bar
bar/deg
bar/ms

deq U
3 PR
re  deqg L
degq 1

N

4.44 4.35 a4.,77 L -1
3%5.9 3e.935 3,2 38,5
2032 1724 1427 1108
7.8 €.6 5.7 o
o9.0 L9.0 o8.0 8.0
1021.0 1021.0 102L,0 1021.0
0.9%0 0.990 0.9288 0.%8
3.2 el § *7.7 s, 1
7.5 6.5 S.6 1.2
27.8 27 .0 2¢.0 28,2
292,990 35,190 aA2,%90 S4.8%0
0.32 0.77 0.cl 0.52
A435.9 423.9 Zql.8 Ad4,8
18.9 19.9 21.9 12,13
22.0 3.0 zZ.0 1.0
21.9 21.4 20.6 2.4
18,2 17.8 1.2 8.7
3.5 12.1 135.4
Q.3 12.0 13.7
9.4 12.1 14.¢
-1.0 .9 7.4
-1.8 3.0 e,
~1.4 .4 6,9
il.1 3.1 8,0
10.4 8.2 7.2
10.9 8.7 7.7
0.907 1.082 1.21
0.8S3 0,353 L.09
0.897 1.016 f.L6
55.5 60,9 63.4
S.6 7.9 “.8
€3,.4 67 .9 84,7
88,0 &7.0 24.0
Az, 0 ., 0 24,0
21.0 .0 .0
124 .0 I51.0 Las, 0
>
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EM3INE
MAKE - 1"ORD
- MODEL 2000
No CYL 3
CAPACITY <« 2860

ENGINE SPEED (NOMINAL)

Observed lcad N .
Observed torque NM
QObser ved speed ~PFM
Observed power KW
A\r temperature deq C
Barometric pressure mBRar
Correction factor
Corrected torque NM
Corrected power KW
Fuel consumed gms
Measurement time secands
Fuel mass ¢flcw gms /ses
R.S.F.C. qms /KW/hr -
Thermal efficiency “
Fuel temperature deq C
Pump delivery/stroke mme3 .
mgms -

Start of injection degqg. Mmax

_ min
mean
Start of combustion deg. man
min
mean
Igrition delay deg max
min
mean
Igniticn delay ms max
oin
mean
Max. <ylinder pressure dbar
Max., pressure i i1se¢ bar/deg :
bar/ms
011 temperature deq C
Water IN temperature deyg 12
Waver OUT temperature deg [

L}

Erhaust temperature d=9

ENGINE TESY RESULTE

FLEL
EMULSION E23/3.9TEGDN
DENSITY Kg/l1 0.843
CAL VALUE MJI/Kq . 37.6€

2000 1700 1400

67 % LOAD (NMominal) 18 deg RTDC

11.23 11.00 11.13
93.9 a8.1 89,1
0TS 1732 142
13.1 16.0 13.3
2.0 28.0 z8.0
1020.0 1020.0 1020.0
0.990 0.98% 0.%98%
3.0 87.1 22.1
18.% 15.8 13.2
S2.4 S0.3 S0.1
23,990 34,990 4%, 390
1.7S 1.44 1.18
333.2 327.6 23,0
28.7 2.2 23.8
29.0 30.0 Q.0
41.3 33.3 ¥
34.5 3.2 33.1
13.7 13.8 1%5.4
13.0 13.7 14.8
13.4 1%.9 195.4
2.9 4.7 7.3
2.8 4.6 6.4
2.8 4.8 €. 7
10.8 3.2 9.7
10.2 9.0 7.6
10.8 .1 9.3
0.892 0.984 1.043
0.838 0.8¢9 0.883
0.870 0.877 0.%988
72.1 73.7 75.0
11.2 ©.35 11.0
136.3 98,2 94.1
25.0 az.0 87.0
S1.0 45.0 43.0
2]1.0 8o.0 79.0
270.0 1.0 221.0

FAGE 54

DATE - 14/€/A3
TEST ID . UNIDOL?

DYND TORGLIE FACTOR @ 3%3.84

1100

aA00

)
N O

9
- LeT -

-
NNGENNON N O

FOFADOOGNIND GNW



ENG INE
MARE FORLD
MODEL 3000
No CYL : ]
CAPACITY ¢ 28&0

ENGINE SPEED (NOMINAL)

Qbserved lcad N
Observed torque NM
(Ohserved speed RPM
Observed power KW
Alr temperavrure deq C
Barometric pressure mPar
Correction factor
Corrected torque NM
Corrected power KW -
Fuel consumed gms
Measurement time seconds
Fuel mass flow gms /seé
3.S.F.C. qms /EW/hr
Thermal eff1cr1encCy b4
Fuel temperature deq C
Pump dalivery/stroke mme3
mams

Start of injection deg. max

min

mean

Start of combustion deg. max
min

mean

Igniticon delay deg max
min

- mean
Ignition delay ms max
min

mean

Max. crlinder pressure bar
Max. pressure rise bar/deg
bar/ms

011 temperature deqg C
Watar IN temperature deg
Water DT temperature deq C
Ethaust temperature deg

ENGINE TEST RESULTS

FUEL

EMULSION EZS/2.9TEGDN
DENSITY Kg/l 0.248
CAL VALUE MJ/Kg I7 .66

2000 1700

Q3 ¥ LOAD (Nominal)

4,5% 4,30
36.7 6.0
2062 1734
7.9 8.3
28.0 28.0
1020.0 1020.0
0.989%9 0.98%
36.3 35.8
7.8 6.5
31.8 30.2
ZA.300 4,9%0
1.02 0.2
496.7 ARD.E
19.2 13.9
31.0 0.0
25.2 23.9
21.0 1.9
9.3 10.1
Q.2 9.3
9.3 3.8
-1.4 .3
-1.7 .2
-1.8 .2
11.0 10.0
10.8 a.0
10.8 3.8
0.887 0,90
0.83593 0.8%¢€3
0.875 0.924
S7.1 59.2
€.3 .0
78.0 82.8
.0 e, 0
42,0 *:.0
79.0 e
185.0 Le4.0
L

1400
18 deyg BTOC

OFWEP®+FFNODO eho
WO YUD~O -

PAGL 33
DATE 14/6/8%
TEST ID UNICOLY
DYNO TORQUE FACTOR @ 35.81
1100 aoe
4.72 4.77
3.3 38,2
1123 807
4.4 3.2
&7.0 <€,.0
1020.0 1020.0
0.987 0. %8¢
7.3 7.8
4.4 A.2
x2.3 =8.,2
S5%.3%0 74.780
0.€0 0.38
494.1 a4e7.1
13.3 22.4
30.0 9.0
25.7 22.4
a1.4 18.7
15.93 iz.8
14.6 1z.1
14.9 12.3
7.4 7.3
7.3 L3}
7.4 &.8
2.1 8.3
7.3 4.8
7.3 3.7
).203 1,298
L.07¢ 0.7
1.310 1.177
83,8 62.0
.95 a9.7
€4.0 47.1
8.0 21.0
23.0 *0.0
T80 77.0
L, 0 122.0
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ENS INE
MAKE - FORD
MODEL 000
No CYL 3

CAPACITY cc @ 2880

ENGINE SPEED (NOMINAL)

IDLE CONDITION

Observed load N
Observed torjue N+
Observed speed RPM
Qbserved power KW
Alr temperature deg C
Barcmetric pressure mBar
Correcti.un factor
Corrected .orque NM
Corrected power KW
Fuel consumed Jms
Measurement time secands
Fuel mass flow gms /sec
B.S.F.C. qgms /EW/tr
Thermal efficiency <
Fyel temperature deq C
Pump delivery/stroke mme3
mgms

Start of injection deg. max
®min

mean

Start of combustion deq. max
min

mean

Iqgnition delay deg max
min

mean

Ignition delay mns max
min

mean

Max. crylinder pressure bar

Max:. pressure rise bar /deq
bar/ms

01l temperature deg C :

Water IN temperature deyg C

Hater JOUYT temperature deq C

Exhaust temperacture deyg

EMNGINE TEST RESUL TS PAGE S¢

FLIEL DATE 14/6/8%
EMULSION 125/ .9TEGDN TEST ID : UNIDOL7
DENSITY Kg/1 0.2348
CAL VALUE MJ/Kq @ 37.84

DYNO TDRGUE FACTOR : 3%,61

800

12 deg BTDC
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Ph.G.1 - An overall view of the diesel engine test bed
and fuel evaluation test equipment as 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,
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Ph.G.2 - Close up view showing the Hewlett Packard 86B
computer and the Apace Research Ltd interface (black box)
with the dynomometer partially visible on the
right hand side.



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.5 - Another view of the video moniter with the
PLOT function seleccted, displayiang the cylinder
pressure and needle 1ift traces.





