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ABSTRACT

This report investigated the effects of administering a ferrous
picrate combustion catalyst to diesel fuel. Testing of the combustion
catalyst involved the use of the Varimax variable compression test and

research engine rig (TD35) in its diesel mode.

The feasibility of the combustion catalyst was determined by its
effects on three important engine performance parameters, namely power
output, fuel consumption and exhaust temperature. The required

information was obtained from an extensive testing program.

The results of this testing program indicated that there were kenefits
gained in using the ferrous picrate combustion catalyst. Increased
power output and reduced fuel consumption were observed whenever the

combustion catalyst was used.
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GLOSSARY OF TERMS

kW
Nm
rpm

cc

BEFC

°C
kg
BTDC

ml

psia

°F

killowatt

Newton-metre

revolutions per minute

cublc centimetres

litre

brake specific fuel consumption
hour

degrees celsius

kilogram

before top dead centre
millilitre

metre

second

parts per million. Ratic of quantities
torque : Nm

density : kg/m3

indicated mean effective pressure

actual fuel-air ratio
stoichiometric fuel-air ratioc

pounds per sguare inch absolute
degrees Fahrenheit

degree.
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1.0 INTRODUCTION

During the period March 1985 to July 1285 an extensive engine test
programme was successfully completed in conjunction with WAIT and Fuel
Technology Pty. Ltd. This test programme involved the detailed
evaluaticn of the effectiveness of a ferrous picrate combustion

catalyst which.is marketed by Fuel Technology.

Testing of the combustion catalyst involved the use of the Varimax
variable compression test and research engine rig (TD35), located in
the Thermodynamics Laboratory of the School of Process Engineering,
WAIT. For this particular testang programme, diesel fuel was utilised
to evaluate the merits of the combustion catalyst for several reasons.
Firstly, detailed information of the performance characteristics of
the combustion catalyst in diesel fuel as provided by this report was
not previously available. Secondly, because large volume users of
diesel fuel are the more likely users of this combustion catalyst,
there was a peed for comprehensive data on the benefits of using

diesel fuel treated with the combustion catalyst.

The objective of this project was to analyse the effects of the
combustion catalyst on three main aspects of engine performance.
These were:

(i) engine brake power

{11) brake specific fuel consumption

(i11) exhaust temperature.

The above three parameters were instrumental in portraying the



advantages or disadvantages of using the combustion catalyst in

conjunction with diesel fuel.

Thirty individual test runs were made to gather all the reguired data.

This data was subsequently analysed and graphed.

Generally the results indicated that the introduction of the ferrous
pilcrate combustion catalyst into diesel fuel produced the combined
effect of improving engine power output, while simultaneously reducing
fuel consumption. Complimenting these gains were marginally higher
exhaust gas temperatures, which were in fact evidence of a more

complete combustion reaction occurring.

As was expected, the gains in power output and reductions in fuel
consumption varied considerably from test run to test run. Roth
depended on the manner 1n which the combustion catalyst was
administered to the diesel fuel, and on the operational settings and
conditions of the engine. These gains are portrayed in the various

graphs located in Appendix 2.

Thus the information gathered in this report has served to indicate
quite clearly the advantages of using the ferrous picrate combustion
catalyst marketed by Fuel Technology Pty. Ltd., with diesel fuel, as a

means of reducing running costs.



2.0 BACKGROUND

2.1 Diesel Engine Combustion Theory

2.1.1 The Combustion Process

The four-cycle compression-ignition engine employs the conventional
four strokes per cycle of intake, compression, power and exhaust. The
air inducted on the intake stroke is either normally aspirated or
forced in by a supercharger, while the fuel is injected into the
cylinder near the end of the compression stroke. In most current
diesel engines, the combustion chamber temperature at the end of the
compression stroke is usually in the vicinity of 600°C. This
temperature is dependent upon the compression ratio and the initial

air temperature.

Near the end cof the compression strxoke, fuel is sprayed into the
combustion chamber at pressures varying from about 1200 psi (8.27 MPa)
to over 30 000 psi (207 MPa). The injection pressure is governed by
the engine speed and size and by the type of combusticn chamber and

injection system used.

With the commencement of fuel injection, the combustion process 1is

initiated. Each charge of injected fuel experiences several phases 1n

the reaction as follows:

{1) A delay period which covers the time from the initial injection
to the actual 1gnition of the fuel and air.

(2) A period of rapid combustion of the fuel accumulated during the
delay period, characterised by a rapid increase in cylinder

pressure.



(3) A period of combustion of the remainder of the fuel charge as it
is injected.
(4) An afterburning period in which the unburned fuel may find

oxygen and burn, often referred to as the tail of combustion.

In order to understand the paths which may be followed by any fuel
particle during the combustion process, an outline is shown in figure
2.1. 1In following the paths of the fuel particles, it should be
understood that after ignition has cccurred, many of these steps will
be proceeding at the same time, since the mixture is very
heterogeneous. It consists of air, precombustion and combustion
reaction products in all stages, aleng with the continuing fuel spray.

[Ref 2.]



Mixture | .
YormaTion I Ignition Final combustion

le——~—— Deloy perod———

pe— Physical &10y—+Chemicd deloy

Disintegration
of stream of
iected fuel Inflommation
¥ ¥
Mixing of Preflame Oxidization Thermal
liquid fuel oxidation of fuel-arr decomposition
with_gir of fuel mixiures of fuel

Mixture of
products of
partiai oxdotion

\ioporization
of fuel

; b " F—
Mixing of fuel i | or of thermal
vapor with oir } |decomposition
! with air
[ I—
Temperoture Temperature
and oxyger ond oxygen
concentration concentrafion
favoroble unfovorable
for complete for complete
combustion combustion
(chilling,
overlean,
and overrich
mixtures)
¥
Products of Products of
complete incomplete
combustion combustion

Figure 2.1 The combustion process in & compression ignition engine.

[Reproduced from Figure 8-9. Ref.4]

2.1.2 The Delay Period

The delay period consists of a physical and a chemical delay. The
physical delay is required to atomize the fuel, mix it with the air,
vapourize it, and produce a mixture of fuel vapour and air. During
the chemical delay, preflame oxidation reactions occur in localised
regions with a temperature increase of 540°C to 1100°C. These
preflame reactions are the side reactions initiated by the catalytic

effect of wall surfaces, high temperatures, and miscellaneous



particles which ferm the active chain carriers prior to rapid
combustion. As the lccal temperatures increase, the fuel vapours
begin to crack at an accelerating rate and produce materials with high
percentages of carbon which become heated to incandescence as local

ignition is initiated.

Inflammation develops gquickly and proceeds either by rapid and

complete oxidation of the fuel and air or by the oxidation of the

intermediate products of the chain reactions of the fuel. [Ref. 2]

2.1.3 The Rapid Combustion Period

Combustion in the period of rapid combustion is due chiefly to the
burning of fuel that has had time to evaporate and mix with air during
the delay period. The rate and extent of burning during this period
are therefore closely associated with the length of the delay period
and its relation to the injection process. It could be assumed that
both the rate and the extent of pressure rise during the second stage
of combustion would increase as the delay period increases, since both
mixing time and the fraction of fuel taking part in rapid combustion
increase. This relation holds true in practice, provided the
injection timing is adjusted so that the period of rapid combustion

occurs at substantially the same crank angle.

The influence of delay on both rate and extent of pressure rise during
this phase is especially strong when the delay period is shorter than
the injection period. When the delay 15 longer than the injection

period, the quantity of fuel involved is unaffected by the length of



the delay period. ([Ref. 2]

2.1.4 The Third Phase of Combustion

The third phase of combustion is the period from maximum pressure to

the point where combustion is measurably complete.

when the delay period is longer than the injection period, the third
period of combustion will invelve only fuel which has not found the
necessary oxygen during the period of rapid combustion. In this case,
the combustion rate is limited only by the mixing process. This 1in
turn is controlled by the ratio of oxygen to unburned fuel and by the
degree to which the two are distributed and mixed at the end of the
second period. Even when all the fuel is injected well before the end
of the delay period, poor injection characteristics can extend the
third period well into the expansion stroke and thus cause low ocutput

and poor efficiency.

Under conditions where the second phase of combustion has been
compieted before the end of injection, some portion of the fuel is
injected during the third phase, and the rate of burning will be
influenced by the rate of injection as well as by the mixing rate.

[Ref. 17.

2.1.5 The Final Phase of Combustion

The final phase of combustiocn which is often referred to as the tail
of combustion, continues after the third phase at a diminishing rate

as any remaining fuel and oxygen are each consumed. This last stage



and the previous one, are both characterised by diffusion combustion,
with production and combustion of carbon particles and a high rate of
heat transfer by radiation. This phase occurs well down on the
expansion stroke of an engine. Due to the dependence of combustion on
the process of fuel finding oxygen, compression ignition engines
require excess air if high efficiency and low smoke levels are to be

achieved. [Ref. 2].

2.1.6 Combustion Rate
The combustion process described previcusly may be shown graphically

on a combustion rate diagram, as in figure 2.2.
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Figure 2.2 Typical combustion rate diagram.

[Reproduced from Ref. 5]
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This diagram is typical only. The magnitude of the various parts will

depend upon the delay periocd, the fuel injection characteristics,

oxygen availability and the vigour of the mixing process. [Ref. 51

2.1.7 The Ideal Combustion Process

The thermal efficiency of an internal combustion engine, both
spark-ignition and compression-injection, will increase if the
combustion time is decreased. A higher temperature can be achieved as
the heat release occurs more nearly at constant volume. Cylinder
pressure will be higher, and thus more work can be extracted for the
same energy input from combustion. The rate of pressure rise during
the period corresponding to constant volume combustion should be as
rapid as possible without exceeding a certain value. This value is
usually determined experimentally for the particular size and design
of engine in guestion. The fuel remaining after the period of rapid
pressure rise should be burned at a rate such as to hold the cylinder
pressure constant, at the maximum allowable value, until all the fuel

is burned.

Figure 2.3 shows both the slow burning and fast burning
representations of the Otto engine c¢ycle compared with the ideal
engine cycle. Cycle ABCD is the ideal cycle characterised by
isentropic processes and constant volume combustion. The point
designated 'B' is where ignition must be initiated in order to obtain
peak cylinder pressures when the piston is top dead centre. The
diagram indicates that the fuel is ignited at the same time for the

slow burning and fast burning processes. The fast burning process is



more complete at minimum volume and hence better approximates the
ideal engine cycle. The control of combustion towards this ideal is
one of the major problems in the design and operation of

compression-ignition engines. [Ref. 6]

woeEaL

FASY BURNING

SL0wW BURNING

PRESSURE

VOLUME ——

Figure 2.3 Graphical representation of ideal and actual engine
cycles.

{Reproduced from Ref. 6]

2.2. The Effects of Operating Conditions on Combustion

With respect to diesel engines, the combustion rate as well as the
rate of pressure rise, depends greatly on the design of the combustion

chamber and the injection system. In practice, the design of these
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elements varies widely, and hence it is more difficult to generalise
trends in this type of engine than in the case of spark-ignition
engines, where there is much less variety in design. 1In view of these
facts, the trends noted for diesel engines of a particular design are

not necessarily typical of all types of such engines. [Ref.2]

2.2.1 Definitions

In order to simplify the discussion, the following terms are defined:
Injection time - the time elapsed between the start of spray into
cylinder and the end of flow from the injector nozzle.

Injection angle - the crank angle between the start and end of
injection.

Delay angle - the crank angle corresponding to the delay period.

2.2.2 Variation of Injection Timing

Pressure-crank angle curves showing the effect of altering injection
timing at constant speed are shown in figure 2.4. Maximum indicated
mean effective pressure (imep) and therefore maximum efficiency,
occurs with peak cylinder pressure at about 15° after top dead centre.

This was indicated by run 409.
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Figure 2.4 The effect of injection timing on the pressure-crank

diagram,

Numbers indicate test run numbers; O indicates

30° after start of injection; ~ indicates the start of

injection. [Reproduced from Ref. 2]

Shortest delays occur when the delay period includes top dead centre,

in this case when injection starts about 25° BTDC indicated by run

409. Earlier or later injection results in longer delays. The

longest delay is with the latest injection, where average pressure,

and therefore average temperature, during the delay period is lowest.
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Rates of pressure rise are affected in this case both by the delay
angle and by piston motion. Early injection gives a very high rate.
Here a long delay occurs, together with inward piston motion during
the subsequent rapid combustion. With late injection, rates of
pressure rise are again high, owing tc long delays, even though the
rapid combustion period occurs well after top dead centre, with the
piston in rapid descent. Many engines use an injection timing later
than that for maximum imep in order to reduce both maximum pressure
and rate of pressure rise. Runs 403, 405 and 407 of figure 2.4
illustrate this point. Such late injection timing involves some

sacrifice in output and efficiency.

As with spark-injection engines, proper timing of the combustion
process is an essential element in diesel engine operation. Hence,
the most satisfactory way of considering the influence of other
operating variables would be under conditions of best power injection
timing, that is, timing to give highest mean effective pressure. As
with spark-ignition engines, best power timing brings peak pressure
15° to 20° after dead centre. Under these circumstances the period of
rapid combustion will occur while piston motion is small, and the
maximum rate of pressure rise will not be greatly affected by piston
motion. However diesel engines are usually operated with fixed
injection timing, and therefore a change in the delay period means a
change in the piston position and piston velocity at which important

events occur. [Ref. 2]
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2.2.3 The effect of engine speed

with respect to diesel engines the delay time tends to be independent
of speed. This implies that the delay angle will vary with speed and
that speed may have large effects in the pressure-crank angle diagram.
Figures 2.5 and 2.6 together with table 2.2, show that the delay angle
inereases with increasing speed but not in direct proportion to speed.
The two figures disagree on the effect of increasing speed, and
consequently increasing delay angle at the second and third stages of
combustion. In both cases the delays are generally shorter than the
injection angle. Figure 2.5 shows the expected increase in rate of
pressure rise and maximum pressure as the delay angle increases.
Conversely rather opposite trends are shown in figure 2.6. Many
factors other than delay are affected by changes in speed. Among
these are spray characteristics, chamber wall temperatures, and
volumetric efficiency. Hence it is quite possible to find two very
different engines showing different responses to speed changes.

Figure 2.5 is less typical of contemporary diesel engines than is
figure 2.6. In figure 2.6. it is evident that the second and third
stages of combustion respond to engine speed as do spark-injection
engines, with combustion rates nearly proportional to speed. Hence
diesel engines can be rum successfully at high piston speeds.

However, to operate satisfactorily at high speeds, fuel of good

"ignition gquality" (short ignition delay} is required. {Ref. 2]
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Table 2.1 Delay angles and delay periods for figures 2.5 and 2.6

Start of Delay
Figure Rpm Injection, Angle, Delay. seconds
deg b deg - 1000
570 40 14 110
25 1300 40 24 267
570 0 7 208
1500 0 12 1.33
70 10 5 1.47
1500 10 10 L2
500 13 5 V.67
¢ 1000 i3s L7

7
1500 13 1
2000 1" 10 083

£22
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2.2.4 The effect of turbulence

The effect of engine speed on the second and third stages of
combustion is probably closely associated with charge turbulence, as
in the case of spark-ignition flame propagation. However, in the case
of diesel engines the turbulence effect must be associated more
closely witb the mixing process than with the propagation of chemical
reaction. 1In cases where combustion starts early in the injection
process, the use of a strong swirl to give a high air velocity across
the spray is very effective in obtaining short second and third
combustion stages. Turbulence is obtained to a great extent from the
shape of the combustion chamber and alsc from the velocity and

direction of flow of the air entering the cylinder. [Ref. 2]

2.2.5 The effect of compression ratio

The effect of the compression ratio on the pressure-crank angle
diagram when injection timing, speed, and fuel quantity are held
constant is plotted in figure 2.7. In this case rates of pressure
rise are nearly the same. However, if injection timing had been set
in a more practical way, that is, so that peak pressure occurred at
the same crank angle, it is probable that the rate of pressure rise
would have been higher as the compression ratio was reduced and the

delay became longer.

Unless maximum cylinder pressures are allowed to be high, increasing
the compression ratio in the diesel range of 14 : 1 to 22 : 1 gives
only small improvement in efficiency. On the other hand the higher

the engine friction, leakage, and torque required for starting. Thus



diesel engine designers seek to use the lowest compression ratio
consistent with satisfactory starting and operation with the available

fuel. ([Ref.2)
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[Reproduced from Ref.2]

2.2.6 The effects of fuel-air ratiocs

Some time after fuel is injected into the cylinder there are local
fuel-air ratios varying from infinity at the fuel drop surface to zero
at points not yet reached by the fuel vapcur. Hence, as long as
evaporation 1s not complete before ignition, it would be expected that
the guantity of fuel injected would have no direct effect on the delay
period. This assumption is illustrated in figure 2.8. Ap indirect
effect of fuel quantity on delay is often noted when fuel-air ratio is

decreased. Combustion temperatures are lowered and cylinder wall
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temperatures reduced. In many diesel engines the length of the delay’

period increases with decreasing fuel-air ratio because of this

reduction in wall temperature. Figure 2.8 also indicates the fact

that there is little reduction in the maximum rate of pressure except

at very low fuel~air ratios. Also maximum pressure falls steadily

with the fuel-air ratio. This tends to show that in this case most,

if not all, of the fuel was injected during the delay period. Data
from various sources have shown that maximum pressure is little

affected by the fuel-air ratio is long as only a fraction of the total

fuel is injected during the delay period. [Ref.2.]
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2.2.7 The effects of fuel spray characteristics

The physical characteristics of the fuel spray in relation to the
size, and detailed design of the combustion chamber can have encrmous
effect on the pressure-crank angle diagram of diesel engines. One of
the most important and difficult aspects of the development of a new
diesel engine is that of determining the optimum spray characteristics
from the point of view of power and efficiency without at the same
time incurring excessive rates of pressure rise and high maximum

cylinder pressures.

If injector nozzles cause poor atomization and/or insufficient
penetration of fuel into the combustion chamber, a relatively long
delay period will result due to the slow development of very fine
droplets. Conseqguently output and efficiency will not be optimized.
Injector nozzles which give very good distribution of fuel through
fine atomization and deep penetration throughout the combustion
chamber produce the greatest rates of pressure rise and highest
maximum cylinder pressures. Thus these two fuel spray characteristics
are essential for a diesel engine to achieve maximum output and

efficiency. [Ref. 2]

2.2.8 The effects of combustion chamber design

The combustion process in diesel engines should be controlled to avoid
both excessive maximunm cylinder pressure and an excessive rate of
pressure rise, in terms of crank angle. At the same time, the process

should be rapid enough so that substantially all of the fuel injected
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is burned early in the expansion stroke.

Diesel engine combustion chambers are usually divided into two types:
open chamber and divided chamber. These two types are defined as

follows.

An open combustion chamber is one in which the combusticn space
incorporates no restrictions that are sufficiently small to cause
large differences in pressure between different parts af the chamber
during the combustion process. The chambers illustrated in figure 2.9

come under this classification.

A divided combustion chamber is one in which the combustion space is
divided into two or more distinct compartments, between which there
are restricticns or throats, small encugh so that considerable
pressure differences occur between them during the combustion process.
wWhen the burning starts in a chamber operated from the piston by a
throat, the divided chamber is often called a pre—chamber. The

chambers illustrated in figure 2,10 are examples of divided chambers.

In the apen-chamber type engine, the mizing of fuel and air depends
entirely on spray characteristiecs and on air motion, and it is not
really affected by the combustion process itself. With this type of
ergine, once the compression ratio, maximum cperating speed, and
cperating temperatures are selected, the delay angle is determined
chiefly by fuel characteristics. Engines of this type are very

sensitive to spray characteristics, which must be carefully determined
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to secure rapid mixing. The use of multi-orificed injector nozzles
and the use of high injection pressures are usually required. With
respect to small cylinder high speed engines, mixing is usuvally
assisted by swirl, induced by directing the inlet air tangentially, or
by sguish, which is air motion caused by a small clearance space over

part of the piston.

pivided combustion chambers have been developed chiefly for use in
small high speed engines, in an attempt to overcome some of the
limitations of the opep-chamber type. Divided combustion chambers are
characterized by the following properties. They feature extremely
high air velocity through the throat during the compression stroke,
with resultant intense turbulence and also swirl in the pre-chamber.
The first and second stages of combustion can be forced to take place
within a spave whose structure is so strong that mech higher pressures
and higher rates of pressure rise can be tolerated within it than can
be tolerated in the space over the piston. The mixing process may be
greatly accelerated by the early stages of the combustion process
itself. At high fuel-air ratios, combustion is incomplete in the
prechamber because of insufficient air, and the high pressure
develaped by the early part of combustion projects the unburned fuel,
together with the early combustiom preoducts, into the other part of
the chamber with very high wvelorcities, thus causing rapid mixing with

the air in the space cver the piston.

The chief advantages claimed for divided chambers as compared to open

chambers in the same engine are ags follows:



1)

(2]

3

- 23 =

The ability to use fuels of poorer ignition quality;

The ability to use single-hole injection nozzles and moderate
injection pressures and to tolerate greater degrees of nozzle
fouling;

The ability to employ higher fuel-air ratios without smoke.

Against these advantages the following disadvantages are usnally

assumed:

(1}

(2)

The need for more expensive cylinder construction;

More difficult cold starting because of greater heat loss through
the throat;

Poorer fuel economy due to greater heat losses and pressure losses
through the throat, which result in lower tharmal efficiency and

higher pumping loss.

Open chambers tend to be used for engines designed to run at high

piston speeds, as in road vehicle applications. The reason for this

is that the heat apd friction losses in divided-chamber engines become

more important as speed increases.

Open chambers are also generally used in the case of large cylinders,

which are limited to low speeds. At low speeds, delay angles are

relatively short even with fuels of poor igmition quality, and there

is no need for the advantages cffered by the divided chambers in

respect to fuel toleration.

The divided chamber is used primarily in the industrial-engine field,
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where fuel quality may be hard to control and where reliability under
adverse situations is more important than fuel economy ox operation at
high speeds. The fact that divided chamber engines are less sensitive
to spray variations due to nozzle fouling, and that nozzle fouling is
less likely because single-hole nozzles of relatively large bore can
be used, apparently are important considerations in the choice of

divided-chamber engines for this type of service. [Ref. 2]
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Figure 2.9 Examples of open combustion chambers

[Reproduced from Ref. 2]
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Figure 2.10 Examples of divided combustior chambers.

[Reproduced from Ref. 2]

2.2.9 The effects of diesel fuel cetane rating

The current method of rating diesel fuels in respect to ignition
guality depends on engine-test comparisons with reference fuels, as in
the case of octane rating. The primary reference fuels are normal
cetane, C16H34’ a straight—-chain paraffin having excellent ignition

guality, and alpha - methylnapthalene, C10H7CH a napthenic compound
having poor ignition quality. Good ignition quality implies a short

delay angle at a given speed, compression ratio etc. The percentage

of cetane in a blend of these two fuels giving the same delay angle as
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the fuel under test is taken as the cetane number of the test fuel.

The cetane rating of diesel fuel correlates best with starting ability
and engine roughness. High cetane ratings result in improvements of
cold-starting ability in compression ignition engines. The term
engine roughness applies to the intensity of vibration of various
engine parts, caused by high rates of pressure rise in the cylinders.
Engine roughness decreases with increases in cetane rating in most
cases. However, since the degree of roughness with a given rate of
pressure rise varies greatly with the stiffness of the various engine
parts, the effect of cetane number on roughness will vary with engine

design.

Figure 2.11 shows the effects of running & diesel engine on three
different fuels having widely varying cetane numbers. The engine was
operated at constant throttle and a constant injection timing of 20°
BTDC. The crank angle required for each of the three combustion
stages shown was approximately constant for all engine speeds. It
also indicates that cetane number does not affect the total combustion
time, but lower cetane numbers cause longer delay periods coupled with
increased speed of combustion after auto-ignition. The faster rate of
burning of the low cetane fuels results in undesirable engine

roughness. [Ref. 4]
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Pigure 2.11 The effect of Qiesel fuel cetane rating on the three
stages of combustion at various speeds.

[Reproduced from Ref. 4]

2.2.10 The effect of inlet temperature and pressure

Increasing the inlet temperature reduces the delay period because the
temperature ,of the air in the cylinder at the time of injection is
increased., This effect is illustrated in figure 2.12., At optimum
ignition timing, increased inlet temperature tends to reduce the rate

of pressure rise in the cylinder.
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Figure 2.12 The effect of inlet temperature on delay angle at three
different values of FR; - FR =0.72, x Fr = 0.61, (] FR = 0.55

[Reproduced from Ref. 2]

Increasing the inlet pressure decreases the delay period because of
the large influence pressure has on temperature. The tests shown in
figure 2.13 show the effect of inlet pressure variation on the delay
period, with constant fuel quantity and injection timing. As the
delay pericd increases, piston motion causes the average temperature
during this period to fall. The effect of pressure should be much
less with best-power injection timing, where the temperature during

the delay period would be more uniform.
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Figure 2.13 The effect of inlet pressure variation on the delay
angle; A = open combustion chamber, B = divided combustion chamber

[Reproduced from Ref. 2]

2.3 Combustion Catalyst Theory

2.3.1 Flame propagation

The speed with which the combustion process occurs influences the
efficiency with which the heat released by the chemical reaction can
be used. With greater rates of heat release, higher peak temperatures
can be obtained. The rate of heat transfer varies with the
temperature difference between the heat source and the body receiving
the heat. If higher temperatures can be achieved through a more rapid
combustion process, it is often possible to transfer a greater protion
of the heat released into useful work. The burning rate will dictate
the volume of combustion chamber required to burp a given gquantity of

fuel.

The flame front and reaction zone for normal rapid combustion of a

fuel and air mixture may be represented by a diagram such as figure



- 30 -

2.14. Figure 2.14 indicates that unburned gas must be heated from the
initial temperature '1‘o to some elevated tempesrature Ti' the ignition
temperature, hefore the reaction can start at the reaction zone.
Within the very narrow reaction zone, the cbain reaction proceeds to
chemical equilibrium. In the region directly behind the reaction
zone, called the luminous flame zone, the radiations which appear as
the visible porticon of the flame are emitted. The reaction zone and
the lumineus flame zone are almost superimposed, the total width of
both regiens heing no more than 0.5 mm for rapid combusticn of

premixed fuel and air, [Ref. 4]

2.3.2 Factors affecting flame speed

Considerable research work has indicated that at least four factors

influence the rate of flame propagation in varying degrees. These

are:

{1} The mechanism of the combustion reacticn.

(2) The kinetiecs of the individual reactions in the mechanism.

{3} The diffusion of chain carriers, or propagating centres, from the
reaction zone into the unburned gases.

[4) The rate of heat transfer from the reaction Zone to the adjacent

heating zone of the unburned gases.
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Figure 2.l4 Temperature variation within the vicinity of the flame
front. TD = internal temperature, 'ri = ignition temperature,
Tf = maximum flame temperature
[Reproduced from Ref. 2]

Wo present theory of combustion is sufficiently complete to establish
which of the above factors are most important in controlling the flame
epeed. The mechanisms of the chemical reactiocns feollowed in rapid

burning are still not fully understood. It 1 a complex problem, not
only because of the speed of the burning process, but also because so
many physical variables, such as temperature, pressure, humidity, and

fuel-air ratio, effect the mechanism of reaction so much.

Chemical kinetics deals with the manner and speed with which a given

chemical reaction will progress. Studies of kinetics establish the
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rates of burning by estimating the speed of each individual reaction
in the chain mechanism. The general form of the eguation used in this
type of apalysis is the classical Arrhenius equation:

W= Ke-E/RT

(2.1}
where W = reaction rate
K = a constant, depending upon the concentration of reacting
substances, and collision frequency of molecules.
E = activation energy, or energy reguired to initiate reaction

R = universal gas constant

T = absolute temperature

Another eguation proposed by W 2 Nusselt and P J Daniell based on

thermal theories of flame propagation is:

(2.2)

where VT = transformation velocity, the speed, relative to the
unburned gases, with which the flame front moves from the
burned to the unburned gases., It is measured in a

direction normal to the surface of the flame front.

K = thermal conductivity

C = mean specific heat

Tf = maximum flame temperature
T, = ignition temperature

T = ipnitial temperature.

With regard to the physical and chemical properties of the fuel-air



- 33 -

mixture, eguation {2.l) indicates that if the activation energy E of
the fuel-air mixture can be decreased, the reaction rate will tend to
inerease. Similarly, if the constant K is increased by increasing the
concentration of reacting substances and the cellision frequency of
molecules during combustion, the reaction rate will increase.

Equation ({2.2) indicates that if maximum flame temperature can be
increased, the transformation velocity or flame speed will increase.
Alsa, a similar effect can be achieved by increasing the thermal
conductivity of the fuel-air mixture, or by decreasing its ignition

temperature Ti'

Section 2.1.7 indicated that the thermal efficiency of an internal
combustion engine will increase if the combustion time is decreased.

A shorter combustion time implies a faster flame speed. Thus if a
proposed combustion catalyst is to be of any benefit in terms of
improving power output and/or decreasing fuel consumption, it must
increase flame speed in some way. Although a combustion catalyst may
function to promote a more complete combustion reaction, this does not
necessarily result in power and fuel economy gains as would be
expected. Even though the combustion reaction may be more complete,
if it proceeds toc slowly or begins either too early or too late in

the expansion cycle, efficiency will not be maximised.

2.3.3 Mode of action of the ferrous picrate combustion catalyst

The combustion catalyst distributed by Fuel Technology Pty Ltd is
essentially a complex organo-metallic cempound consisting of ferrous

picrate salt suspended in a toluene carrier solution. Ferrous picrate
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is produced when iron (Fe) is dissolved in picric acid

{trinitrophenol). This chemical process is illustrated by equation

(2.3).
Ofl*' m(lnz hQz
[
NCI;\ /N{Jz L0 Fe—0,
2 X + Fe — J PN X + H, .
I'd
NO: NOp WOS NG,
I
NGy
L y
piecric acid + jron —- ferrous picrate + hydrogen gas
(trinitrophencl) complex

When the combustion catalyst is introduced to any liquid hydrocarbon
fuel, the ferrous picrate forms flat crystalline particles which
become dispersed with appropriate mixing. With the commencement of
combustion, these particles act as propagating centres, initiating
muitiple flame fronts after absorbing radiant energy from the original
scurce of ignition. These propagating centres are in effect
increasing the thermal conductivity of the fuel-air mixture since the
transmission of heat through it is mach more rapid with their
presence. Once combustion has been initiated the ferrous pircrate
dissociates into ferrous ions and picrate ions. The ferrous ions will
promote the formation of free hydrocarbon radicals for the combustion
process, due to their electron configuration. The picrate ions
undergo further decomposition which provides additional free
hydrocarbon radicals for the combustion process as well as providing

kinetic energy to local fuel molecules in excess of their normal
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activation energy.

The various decomposition processes occuring during combustion have
the effect of increasing the concentration of reacting substances due
to the production of additional molecules and free radicals. These
smaller, more volatile hydrocarbon molecules and radicals ignite more
easily and burn more quickly than the larger molecules from which they

were produced.

Since the number of molecules undergoing combustion is increased
substantially, then the collision frequency between them will also
increase. A larger number of individual particles in a given volume
of fuel—-air mixture has the effect of increasing its thermal
conductivity. If combustion is more complete, more energy is
liberated while the flame frent traverses through the fuel-air

mixture, hence maximum flame temperature would tend to increase.

The introduction of ferrous picrate into a liguid hydrocarbon fuel
thus produces effects which equations (2.1) and {2.2) suggest would
tend to increase flame speed and reduce combustion time. A faster,
nore complete combustion reaction is conducive to greater power

output, reduced fuel consumption, and less unwanted exhaust emissions.
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3.0 THE VARIMAX ENGINE TEST PROGRAM

The testing of interpal combustion engines invariably invelves a large
number of operational parameters. To cbtain a comprehensive data base
from which the required information can be extracted, a considerable

amount of testing has to be performed. Thus is it imperative to limit
the mumber of parameters which will be altered during testing to avoid

obtaining an excessive amount of data, and a long testing schedule.

In relation to the evaluation of the combustion catalyst, i1t was
necassary to chogse parameters, which when altered, would best
illustrate the effects of the combustion catalyst. In addition to
this, these chosen parameters should also relate to the most commonly
altered settings and conditions during normal operation of the engine.
This would ensure that the information gathered would be
representative of the effects of using the combustion catalyst under

normal everyday conditions.

The objective of this report was to analyse the effects of the
combustion catalyst in engine brake power, brake specific fuel
consumption, and exhaust temperature. In order to consziderably
broaden the scope of the test program in terms of relevance to
simulating true commercial and industrial operating conditions, the
following parameters were introduced to be varied accordingly:

(1} Engine speed

(2} Throttle setting

(3} Fuel injection timing

(4) The concentratiom of the combustion catalyst in the diesel fuel.
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The manner in which each of these paramaters was altered is described

below.

Engine speed in all tests was varied from 1600 rpm to 2400 rpm, in

increments of 200 rpm.

Throttle settings were altered alternatively from half throttle to

full throttle in the majority of tests.

Fuel injection timing was varied from 18° BTDC to 42° BIDC in
increments of 6°, in specific tests. The standard injection timing

was 30° BTDC.

The concentration of the combustion catalyst in the diesel fuel was
altered in a number of ways. Three different mixing ratios were
employed. These were:
(i) 1 : 1200
(ii) 1 : 1600 (standard recommended ratio}

(iii) 1 : 2000.

A similar effect was achieved by utilizing seven samples cof the

combustion catalyst, each of which had a different ionic concentration

of the active ingredient ferrous picrate. The actual iocnic

concentration of the ferrous picrate was indicated by the presence of

ferrous (Fe2+) ions in each sample. The seven samples used are listed
+

. : . N : 2
below with their respective ionic concentration of ferrous (Fe )

ions.
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(i) Sample FPCl - 11 ppm

(ii) Sample FPC2 21 ppm

(iii) Sample FPC3 40 ppm
(iv) Sample FPC4 - 72 ppm
(v) Sample FCPS - 147 ppm
{(vi) Sample FCP& - 2 ppm

(vii) Sample FPC7 - 37 ppm.

Figure 3.] below illustrates the seven FPC combustion catalyst
samples. It is quite apparent that, increasing the concentration of
ferrous picrate in a given amount of tcluene carrier solution, results

in the progressive darkening of the green colour of the sclution.
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Piqure 3.1 The seven FPC samples

Since the ferrous picrate combustion catalyst is normally disselved in
toluene, which is‘relatively expensive compared to other commercially
available solvents, it was decided to test different types and blends
of solvent. This would help determine whether or not a more
economical solvent formulation could be substituted for the expensive
toluene. If this could be done, it would reduce both the
manufacturing cost of the combustion catalyst and the running costs of
current and potential diesel fuel consumers. The alternate solvent
formulations used for testing purpcses were:

(1) 100% refined toluene as standard

f1i) 100% "Shellscl" crude toluene
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(ii1) 50% toluene, 50% heating oil (kerosine)

all blends were administered to the diesel fuel at the standard

recommended mixing ratio of 1 : 1600.

Engine based parameters which were held constant during the entire
test programme were compression ratio and valve timing. The
compression ratio used during all tests was 18 : 1. Valve timing was
set to the engine manufacturers' recommended values for diesel fuel

and is listed below.

INTAKE VALVE OPENS 10.8° BTIDC

CLOSES 42.6° ABDC

EXHAUST VALVE CPENS 7.6° BBDC

CLOSES 21.6° ATDC

VALVE OVERLAP = 32.4°

Baseline tests using untreated diesel fuel were conducted at the
beginning, middle and end of the test programme to check whether any
"3drift" in engine performance had occurred, due to the introduction of

the combustion catalyst.

For all tests conducted in the Varimax engine test program, full
details of which parameters were altered in each particular test, are

given on each page of tabulated results ip APPENDIX 1.0
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3.1 Testing Method

The commencement of a new test, with the engine in a cold state,
involved a set procedure. This procedure was strictly adhered to in
order to ensure the validity, accuracy and repeatability of the

Varimax test program.

From initial start up the engine was run at part throttle for five
minutes and then slowly brought up to full throttle in thirty seccnds.
This ensured a gradual warm-up of the engine. The warm-up period was

continued until the engine temperature reached 65°C.

with the baseline tests, testing commenced once this temperature was
reached and remained stable. Testing of diesel fuel treated with the
combustion catalyst commenced two hours after normal operating
temperature was reached. The reason for this was that an average
delay of two hours was notéd before actual gains in power and fuel
economy were witnessed. This delay period is often referred to as the
conditioning pericd. Possible reasons leading to the existence of

this conditioning period are given in section 4.0

Once testing was commenced, the following readings were recorded
during all tests:
(i) Brake torque
(ii) The time required for the engine to consume the fuel contained
in a 48 ml pipette
{(iii} Exhaust temperature

(iv) Ambient air temperature.
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Five readings of brake torgue and the elapsed time for the consumption
of 48 ml of diesel fuel were recorded at the various speeds specified
in section 3.0. This applied to all tests except those dealing with
the seven FPC samples and the variation of injection timing. In those
tests, only four different readings of the two preceding parameters
were recorded. All readings were subsequently averaged and a mean

value was recorded.

The data gathered throughout the test program was graphed accordingly,
with the aid of an IBM computer graphics facility. 1In all graphs, a
curve giving best parabolic fit to the plotted data was drawn to
represent the general trend in each test. The resultant graphs
located in APPENDIX 2.0, served to display the effects of introducing

the combustion catalyst into diesel fuel.

3.2 Equipment Used

3.2.1 The Varimax engine test rig

The Varimax engine test program was conducted on the Varimax variable
compression test and research engine rig (TD35), located in the
Thermodynamics Laboratory of the School of Process Engineering; see
figures 3.2 and 3.3. For specifications and data on this test rig see
APPENDIX 3.0. A general description of the test rig and assoclated

equipment used, is given below.

The Varimax test engine is a single cylinder, four stroke, variable
compression ratio engine, adaptable to either spark ignition or

compression ignition operation. The engine features an open
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combustion chamber design. It is coupled to an electric dynamometer

loaded by a resistance bank.
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Figures 3.2 and 3.3 The Techquipment Varimax test and research engine

rig (TD35), School of Process Engineering, WAIT
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The engine is fitted with an instrumentation panel which provides
information such as dynamometer brake torque, engine speed, fuel
flowrate, exhaust temperature, cooling water flowratee and
temperatures, air intake orifice pressure differential, dynamometer

field current, and generated woltage and current.

During operation, cooling water from the engine was mixed with water
from the mains inlet in a tank before recycling into the engine. A
portion of the warm water mixture was drained at a set level in the

tapk thereby maintaining a temperature in the range of 65° C to F0°C.

Figure 3.4 shows the rotameter and pipette arrangements used to

measure cocling water and diesel fuel flowrates during all tests.
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Figure 3.4 Rotameter and pipette arrangement for measuring cooling

water and diesel fuel flowrates

Engine gpeed during all tests was displayed by an analogue tachometer.
Similarly, engine brake torgue was displayed by an analogue "torque

meter”, Both of rhese instruments are shown in figure 3,5.
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Figure 3.5 Tachometer and "torque-meter" located on instrument panel

Figure 3.6 indicates the controls used :n altering the various cooling
water and fuel flowrates, as well as the two throttle controls that

are used when the engine is run in either compression ignition or

spark ignition modes.
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Figure 3.6 Throttle, rotameter and pipette controls

3.2.2 Fuel storge and supply facilities

All of the diesel fuel used for establishing the baseline data and all
the treated fuel tests were drawn from the same source at the same
time. This would ensure that fuel quality was constant for all tests.
Figure 3.7 illustrates the two clean 200 litre steels drums used to

store all of the diesel fuel for the test program.



Figure 3,7 Fuel storage facility

The Varimax engine test rig is fitted with four ten litre fuel tanks;
two for gasoline use and two for diesel. The fuel gravitates through
two independent C.A.V. fuel filters, each of approximately 500 ml
capacity, to the injector pump. The separate fuel tanks allowed
various fuel blends to be tested without contamination or stopping the
engine. Fuel temperature at the point of velume measurement was held
constant, Figure 3.8 illustrates the four fuel storage tanks located

above the engine.
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Fiqure 3.8 Fuel storage tanks located above the engine

3.2.3 Applying the combustion catalyst to the fuel

The combustion cgtalyst was administered to the diesel fuel with the
aid of a burette. The required gquantity of combustion catalyst was
added to two litres of diesel fuel held in an appropriate graduated
glass cylinder under the burette. The mixture was then poured into
one of the two ten litre overhead fuel tanks. This procedure was
rapeated until the tank was filled. Fiqure 3.9 shows the actual

process of applying the combustion catalyst tc the diesel fuel.
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Figure 3.9 Applying the combustion catalyst to the diesel fuel

3.3 Sample Calculations

3.3.1 Brake power

The brake power output of the Varimax engine was calculated by
obtaining the torgue exerted hy it, at any given speed. This torque
value was cbtained by reading the appropriate figure from the

"torque-meter" dial face.

The brake power output was then given by:

2T NT

brake power output = &5 G50

(kw)

wherg N = engine rpm

T = torgue Nm
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Using & typical torgue value from test l.0({a) at 1600 rpm as an

exanple:

2n x 1600 x 37.40

brake power = €0 000

therefore brake power = 6.27 kW.

2.3.2 Brake gpecific fuel consumption

The brake specific fuel consumption of the engine was calculated as
follows. Five readings of the time required for the engine to consume
48 ml of diesel fuel were recorded. The average value was then

calculated.

Using values from test 1.0(a) at 1600 rpm as an example:

Time 1 = 63.75 seconds
Time 2 = 63.59 seconds
Time 3 = 63.64 seconds
Time 4 = 63.45 seconds

Time 5 = 632.67 seconds

Average time = 63.62 seconds

The density of the diesel fuel used throughout the test program was

taken as 920 kg/m3.
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Therefore 48 ml of diesel fuel is eguivalent £o:

m

3
T 920 E% = 0.04416 kg
m

a8 ml x 10°°

Thus fuel consumption in kg/hr is:

0.04416 = 3600
63.62

1

fuel consumption

fuel consumption = 2.499 kg/hr

Brake specific fuel consumption is calculated as follows:

fuel consumption kg/hr
hrake power kW

BSFC =

_ 2.499
6.270

therefore BSFC = 0.399 kg/kW hr
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4.0 DISCUSSION OF RESULTS

From the commencement of testing program, a major problem was
encountered with the torque-meter display. It was observed that at
speeds of 1600, 1B0Q, and 2000 rpm, the dial-pointer began to
oscillate rapidly back and forth over a scale distance of about

0.6 Nm, on average.

Rithough the dynamometer was fitted with an oil filled damper, it was
obvicusly inadequate in damping out the higher harmonic vibrations of
the single cylinder Varimax engine. The damper was subsequently
examined and found to have an excessive clearance between the piston
and the cylinder. Thus it offered little resistance to movement at
high velocity which is characteristic of a damper having a small

damping coefficient,

To correct the problem, a rubber washer was incorporated into the
piston to reduce the piston-cylinder clearance and effectively
increase the damping ratic of the damper. The engine was then run at
the speeds at which the wvibration problem was encountered to cbserve
whether the modification was successful or not. The modificaticn
proved to be a success, reducing the oscillation of the dial-pointer
down to a scale distance of 0.2 Nn, or one scale division. The fimal
damper configuration is shown in figere 4,1. Having corrected the

damper problem, testing proceeded normally.
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Figure 4.1 The dynamometer damper configuration

An interesting ancmaly was noted at the start of tests involving the
introduction of the combustion catalyst inte the diesel fuel. It was
assumed that any gains in power output and fuel economy would be
realised immediately. However, a delay of approximately two hours was
noted between the time normal operating temperature was reached and
testing commenced, and when gains were realised. This anomaly, which
has occured in previous test programs, is oftepn called the
conditioning period. Its cause is not yet fully understocd, however a

possible explanation will be outlined here.

The conditioning geriod may relate to the time regquired for the



combustion catalyst to react with, and slowly remove carbon depcsits
freom the combustion chamber surfaces. The lack of improvement in
power output and fuel economy is probably due to the reaction between
the ferrous picrate and the carbon deposits proceeding instead of the
intended reaction between the ferrous picrate and the diesel fuel. It
appears that the ferrous picrate may have a stronger affinity for pure
carbon particles than it does for hydrocarbon fuel molecules and
radicals. Once moet of the carbhon deposits have been removed from an
engines' combustion chamber surfaces, the ferrous picrate is then free
to react with the hydrocarbon fuel molecules and radicals in its
normal manner as detailed in section 2.3.3. Gains in power output and

fuel economy follow accordingly.

Throughout the Varimax test program; engine speed, throttle setting,
fuel injection timing, and the concentraticon of the combustion
catalyst in the fuel, were all varied to examine the effects of the
combustion catalyst on the combustion process. Power ocutput, fuel
economy and exhaust temperature were the means used for illustrating

these effects.

Since the mode of action of the ferrcus picrate was to increase flame
speed, confirmation of this was required in the test results. Section
2.2 describes in detail the effects of engine speed, injection timing,

and fuel-air ratio on flame speed.

Increasing engine speed in theory results in a smaller delay angle;

i.e. a shorter delay period. Thus the ferrous picrate should have
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shown greater effect at lower engine speeds than at higher engine

speeds. An examination of all test results revealed that gains in
torque were relatively constant across the test speed range. Hence
the Varimax engine did not follow the expected trend. However this

did not indicate that flame speed was not increased.

Fuel injection timing has a very pronounced effect on flame speed. If
injection timing has been optimised in terms of power output,
injecting the fuel early or later than this results in longer delay
periods and slower flame speeds. The standard injection timing of the
Varimax engine was 30° BTDC. However testing revealed that the
optimum setting was 36° BITDC. Hence the combustion catalyst should
have shown greatest gains in torque at injection timings earlier and
later than this. The results did in fact show this trend, therefore

confirming that flame speeds were increased by the ferrous picrate.

With respect to compression-ignition éngines, engine speed and power
output are governed by the quantity of fuel injected into the
combustion chamber. Since these engines are not throttled in any way,
the guantity of air inducted into the engine is governed by its
volumetric efficiency at any particular speed. In effect altering the
"throttle"” setting of a compression ignition engine alters the
fuel-air ratio also. Section 2.2.6 indicated that as fuel-air ratio
is decreased, the delay period increases and flame speed decreases

because combustion temperatures are reduced.

The part throttle tests carried out at half maximum power, indicated
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power increase with the use of ferrous picrate, although they were
smaller than those seen at full throttle. Hence flame speed was

increased with its use, as expected.

The quantity of ferrous picrate administered to the fuel would be
expected to influence the magnitude of resultant power gains. The
greater the quantity administered to the fuel the greater the expected
power increase and vice versa. Tests 2, 3, 4 and 10 showed that this
thinking was correct. With respect to tests 2, 3 and 4, increasing
the mixing ratio from 1 : 1600 to 1 : 1200 resulted in an extra gain
in power and fuel econcmy, over that witnessed at a 1 : 1600 mixing
ratic. Alternatively, when the mixing ratio was decreased from

xot
1 : 1600 to 1 : 1200 the power increase was smaller than that seen at
a 1 : 1600 ratio. Although the various graphs show that increasing
the quantity of ferrous picrate in the diesel fuel, does increase
power and fuel economy gains, they also revealed a case of diminishing
returns in terms of power and fuel economy for increases in mixing
ratio. An economic study would be required to determine the optimum

mixing ratio in a given situation.

Exhaust temperature readings were recorded in order to provide
additional proof of the beneficial effects of the ferrous picrate. In
all cases where power gains were observed, higher temperatures were
also witnessed. Higher exhaust temperatures are indicative of higher
maximum flame temperatures and a greater energy output from a given
quantity of fuel-air mixture. Higher maximum flame temperatures

result in increased flame speeds, which in turn are responsible for



ipcreases in combustion efficiency and therefore power output.

Tests &, 7 and 8 involwving the use of the standard solwvent
formulation, and two others, proved ta be very informative. The three
formularions were all administered to the fuel at the standard mixing
ratio of 1 : 1600. 1In all cases, virtually identical pewer, fuel
economy, and exhaust temperature 1lpcreases were noted. Thas indicated
that the mest economical formulation to use was the blend contalning
50% toluene, S50% heating ©11 (kerosine]. This is bkecause kerosine is
undoubtedly less costly than toluene. Future testing programs may
reveal that toluene could pe eliminated altogether as a solvent and
that 100% kercsine could be used in 1ts place. However, ferrous
picrate may not dissolve properly in pure kerosine and a small amount
of toluene may need to be added. The lack of differesnce in output
etc., experienced with the alternate solvent formulations is most
certainly due to the mixing ratia employed. The quantity of toluene
and kerosine entering the engine per unit time is very small, thereby

having no measurable effect on power ocutput etc.
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5.0 CONCLUSTIONS

The Varimax engine test program has served to show guite convincingly
the benefits of using the ferrous picrate compustion catalyset,
marketed by Fuel Technology Fty. Ltd, ip conjunction with diesel fuel.
Power increases witpnessed ranged from 0.5% To 2.7%, with an average
increase of about 2.0%. Gains in fuecl eccnomy ranged from 1.0% to
4.1%, with an average gain of about 2.5%. The altering of engine
based parameters such as injection timing, throttle setting, and
enging speed served to show that expected gains will vary from engine
to engine, since detailed designs will invariably differ. Different
engines will respond in different ways to the ferrous picrate
combustion catalyst. If an engine has had every facet of its
operation aptimised for maximum power output, the ferrous picrate
combustion ¢atalyst will only give 8 small lmprevement in power
cutput. The small benefit realised may be outweighed by the increased
running costs incurred by using the combustion catalyst. ©On the other
hand, 1f an engine has not keen set up for marximum power outpat, the
ferrous picrate should show gains in power cutput of at least the same
magnitude seen here, if not greater. The gains in eificiency ocbserved
1n this program are economically feasible since they outweigh the

increased running costs.



APPENDIX 1

TABULATED TEST RESULTS
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Test 1l(a) Full throttle test - clean diesel fuel

REM Torque| Time for 48 ml| Exhaust Temp
(Nm) fuel (sec) (°C)
1600 37.40 63.75 550 TAVE 63.62 sec
1600 37.40 63.59
1600 37.40 63.64 PAVE 6.27 kW
1600 37.40 63.45
1600 37.40 63.67 BSFC 0.399 kg/kW hr
1800 37.00 56.19 580 TAVE 56.17 sec
1800 37.00 56.15
1800 37.00 56.19 PAVE 6.97 kW
1800 37.00 56.11
1800 37.00 56.20 BSFC 0.406 kg/kW hr
2000 35.80 50.86 590 TAVE 50.82 sec
2000 35.80 50.91
2000 35.80 50.73 PAVE 7.50 kw
2000 35.80 50.71
2000 35.80 50.90 BSFC 0.417 kg/kw hr
2200 33.80 46.84 605 TAVE 46.70 sec
2200 33.80 46.60
2200 33.80 46.68 P 7.79 kW
2200 33.80 46.66 RVE
2200 33.80 46.71 BSFC 0.437 kg/kW hr
2400 31.50 42.21 620 TAVE = 42,17 sec
2400 31.50 42.16
2400 31.50 42.12 PAVE 7.92 kw
2400 31.50 42.21
2400 31.50 42.14 BSFC 0.475 kg/kW hr
Ambient air temperature 23°C
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Test 1 (b] Part throttle test - clean diesel fuel - half power at each

speed

REM Torgue| Time for 48 ml| Exhaust Temp

{Mm} fuel ({sec] [ec)
1600 18.70 115.29 350 TAUE = 115.17 secs
1600 18.70 114.95
1600 18.70 115.16 PAVE = 3.12 kW
10 18.70 115.21
1600 18.70 115.24 BSFC = 0.441 kg/kW hr
1800 18.5¢ 103.26 35% TovE = 103.33 sec
1800 18.50 103.33
1800 18.50 103.33 PAUE = 3.49 kW
1800 18.50 103.28
1800 18.50 103.41 BSFC = 0.441 kg/kW hr
2000 17.90 93.85% 375 TAVE = 9B8.32 sec
2000 17.20 93.94
2000 17.90 93.66 PAVE = 31.75 kw
2000 17.9¢ 93.90
2000 17.20 93.77 BSFC = 0.452 kg/kKW hr
2200 16.30 el.80 400 TAVE = 8l.87 sec
2200 16.50 8l.69
2200 16,90 81.91 PAVE = 3.B9 kW
2200 16.90 81.73
2200 16.90 81.78 BSFC = 0.500 kg/kW hr
2400 15.80 72.15 440 TAVE = 72.19 sec
2400 15.80 72.19
2400 15.80 72.22 PrvE = 3.97 kW
2400 15.80 F2.20
2400 15.80 72.17 BSFC = 0.555 kg/kW hr

Ambient air temperature = 23°C
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Test l{c) Variation in injection timing from the standard setting of
30° BTDC at full throttle and 2400 rpm. Clean diesel fuel

BTDC Torque| Time for 48 ml| Exhaust Temp
TIMING (Nm) fuel (sec) (°C)

42° 32.40 43.83 610 TAVE = 43.64 sec

42¢° 32.40 43.4%9 PAVE = 8.14 kw

42e 32.40 43.47

42° 32.40 43.78 BSFC = 0.448 kg/kW hr
36° 33.30 42.96 620 TAVE = 42.97 sec

36° 33.30 42.97 PAVE = 8.37 kW

36° 33.30 42.97

36° 33.30 42.97 BSFC = 0.442 kg/kW hr
30° 32.00 42.21 €25 TAVE = 42.18 sec

30° 32.00 42.16 PAVE = 8.37 kw

30° 32.00 42.12

30° 32.00 42.21 BSFC = 0.469 kg/kW hr
24° 29.50 42.43 655 TAVE = 42.47 sec

24° 29.50 42.38 PAVE = 7.39 kw

240 29.50 42.58

24° 29.50 42.50 BSFC = 0.506 kg/kW hr
18° 24.00 41.93 680 TAVE = 41.88 sec

18° 24.00 4].88 PAVE = 6.03 kW

18° 24.00 41.92

18° 24.00 41.80 BSFC = 0.630 kg/kW hr

Ambient air temperature = 23°C
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Test 2(a) Full throttle test - combustion catalyst introduced at
1 : 1600 ratio

RDM Torque| Time for 48 ml{ Exhaust Temp
(Nm) fuel (sec) (°c)
1600 37.70 63.98 570 TAVE = 63.90 sec
1600 | 37.70 63.96
1600 37.70 63.95 PAVE = 6.32 kW
1600 37.70 63.83
1600 37.70 63.80 BSFC = 0.394 kg/kW hr
1800 37.30 56.37 595 TAVE = 56.34 sec
1800 37.30 56.24
1800 37.30 56.39 PAVE = 7.03 kW
1800 37.30 56.36
1800 37.30 56.33 BSFC = 0.401 kg/kW hr
2000 36.50 51.14 605 TAVE = 51.18 sec
2000 36.50 51.21
2000 36.50 51.17 PAVE = 7.64 kW
2000 36.50 51.24
2000 36.50 51.13 BSFC = 0.410 kg/kW hr
2200 34.50 47.20 620 TAVE = 77.19 sec
2200 34.50 47.22
2200 34.50 47.18 PAVE = 7.95 kW
2200 34.50 47.16
2200 34.50 47.19 BSFC = 0.424 kg/kW hr
2400 32.20 42.35 630 TAVE = 42.36 sec
2400 32.20 42.39
2400 32.20 42.46 PAVE = 8.09 kW
2400 32.20 42.28
2400 32.20 42.31 BSFC = 0.464 kg/kW hr

ambient air temperature = 22°C
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Test 2(b} Part throttle test - combustion catalyst introduced at

1 : 1600 ratio. Half power at each speed

RPM Torque | Time for 48 ml; Exhaust Temp

(Nm) fuel (sec) (°c)
1600 18.80 118.38 355 TAVE 118.27 sec
1600 18.80 117.37
1600 18.80 118.78 PAVE 3.16 kW
1600 18.80 118.20
1600 18.80 118.61 BSFC 0.425 kg/kW hr
1800 18.70 105.51 375 TAVE 106.03 sec
1800 18.70 105.43
1800 18.70 106.23 PAVE 3.52 kW
1800 18.70 106.59
1800 18.70 106.41 BSFC 0.426 kg/kW hr
2000 18.30 94.11 590 TAVE 94.40 sec
2000 18.30 94.38
2000 18.30 94.65 PAVE 3.83 kw
2000 18.30 94.36
2000 18.30 94.48 BSFC 0.440 kg/kW hr
2200 17.30 82.33 440 TAVE 82.40 sec
2200 17.30 82.33
2200 17.30 B2.63 PAVB 3.99 kw
2200 17.30 B82.37
2200 17.30 82.33 BSFC 0.483 kg/kW hr
2400 16.10 72.71 475 TAVE 73.16 sec
2400 16.10 73.3%9
2400 16.10 73.29 PAVE 7.92 kW
2400 16.10 72.91
2400 16.10 73.49 BSFC 0.536 kg/kW hr

ambient air temperature = 22°C
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Test 2(c) Variation in injection timing from the standard setting of
_30° BTDC at full throttle and 2400 RPM. Combustion catalyst
introduced at 1 : 1600 ratio.

BTDC | Torque| Time for 48 ml| Exhaust Temp
TIMING {Nm) fuel (sec) (°C)

42° 32.80 43.84 610 TAVE = 43.86 sec

42° 32.80 43.91 PAVE = 8.24 kW

42° 32.80 43.79

42° 32.80 43.89 BSFC = 0.44 kg/XW hr
36° 33.70 43.09 625 TAVE = 43.10 sec

36° 33.7C 43.11 PAVE = 8.47 kW

36° 33.7¢ 43.16

36° 33.70 43.06 BSFC = 0.435 kg/kW hr
30° 32.20 42.35 630 TAVE = 42.37 sec

30¢ 32.20 42.39 PAVE = 8,09 kW

30° 32.20 42.28

3Q¢ 32.20 42.28 BSFC = 0.464 kg/kW hr
24° 30.00 42.65 665 TAVE = 42.66 sec

24¢° 30.00 42.67 PAVE = 7.39 kW

24° 30.00 42.73

24¢° 30.00 42.59 BSFC = 0.494 kg/kW hr
ige° 24.40 42.12 700 TAVE = 42.11 sec

18° 24.40 42.06 PAVE = 6.13 kW

18° 24.40 42.09

18° 24.40 42.15 BSFC = 0.616 kg/kW hr

ambient alr temperature = 22°C
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Test 3(a) Full throttle test - combustion catalyst introduced at
1 : 1200 ratio
- Torque| Time for 48 ml) Exhaust Temp
{Nm) fuel (sec) {°C)

1600 37.9 64,25 575 TAVE 64.20 sec

1600 37.9 64.21

1600 37.9 64.29 pAVE 6.35 kW

1600 37.9 64.33

1600 37.9 64,38 BSFC 0.389 kg/kw hr

1800 37.5 56.41 600 TAVE 56.48 sec

1800 37.% 56.38

1800 37.5 56.53 P 7.07 kW

1800 | 37.5 56.49 AVE

1800 37.5 56.61 BSFC 0.398 kg/kW hx

2000 36.6 51.23 610 TAVE 51.25 sec

2000 36.6 51.19

2000 36.6 51.24 4 7.66 kW

2000 36.6 51.29 AVE

2000 36.6 51.32 BSFC 0.405 kg/kW hr

2200 34.7 47.35 625 TAVE 47.28 sec

2200 34.7 47.28

2200 34.7 47.24 PAVE = 8.00 kW

2200 34.7 47.26

2200 34.7 47.29 BSFC 0.420 kg/kW hr

2400 32.3 42.43 635 TAVE 42.48 sec

2400 32,3 42.44

2400 32.3 42.51 P 8.12 kw

2400 32.3 42.56 AVE

2400 32.3 42.48 BSFC 0.460 kg/kW hr
ambient air temperature = 22.5°C
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Test 3(b) Part throttle test - combustion catalyst introduced at
1 : 1200 ratio. Half power at each speed
RPM t Torque| Time for 48 ml| Exhaust Temp
(Nm) fuel (sec) (°C)
1600 18.00 119.27 365 TAVE 119.21 sec
1600 19,00 119.20
1600 19.00 119.19 PAVE 3.18 kW
1600 18.00 119.24
1600 19.00 119.16 BSFC 0.419 kg/kW hr
1800 18.80 106.61 380 TAVE 106.62 sec
1800 18.80 106.50
1800 18.80 106.67 PAVE 3.54 kw
1800 18.80 106.71
1800 18.80 106.63 BSFC 0.421 kg/kW hr
2000 18.30 95.06 410 TAVE 95.02 sec
2000 18.30 95.09
2000 18.30 95.00 PAVE 3.83 kW
2000 18.30 94.98
2000 18.30 94.95 BS¥FC 0.437 kg/kW hr
2200 17.40 82.48 450 TAVE 82.45 sec
2200 17.40Q 82.46
2200 17.40 82.40 PAVE 4.01 kw
2200 17.40 B2.42
2200 17.40 B82.49 BSFC 0.481 kg/xW hr
2400 16.20 73.77 620 TAVE = 73.70 sec
2400 16.20 73.79
2400 16.20 73.61 PAVE 4.07 kW
2400 16.20 73.65
2400 16.20 73.67 BSFC 0.530 kg/kW hr
ambient air temperature = 22.5°C
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Test 3{(c) Variation in injection timing from the standard setting of
30° BTDC at full throttle and 240C RPM. Combustion catalyst
introduced at 1 : 1200 ratic

BTDC Torgue| Time for 48 ml| Exhaust Temp
TIMING (Nm) fuel (sec) {°C)

42° 32.80 43.86 610 TAVE = 43.86 sec

42° 32.80 43.95 PAVE = 8.24 kW

42° 32.80 43.76

42° 32.80 43.88 BSFC = 0.440 kg/kW hr
36° 33.80 43.15 625 TAVE = 43.11 sec

36° 33.80 43.08 PAVE = 8.50 kw

36° 33.80 43.12

36° 33.80 43.10 BSFC = 0.434 kg/kW hr
30° 32.30 42.43 635 TAVE = 42.99 sec

30° 32.30 42.49 PAVE = 8.12 kW

30° 32.30 42.51

30° 32.30 42.56 BSFC = 0.461 kg/kW hr
24° 30.30 42.61 675 TAVE = 42.63 sec

24° 30.30 42.64 PvE = 7.61 kW

24° 30.30 42.70

24¢° 30.30 42.56 BSFC = 0.490 kg/kW hr
18° 24.70 42.19 710 TAVE = 42,12 sec

18° 24.70 42,09 PAVE = 6.21 kW

18° 24.70 42.07

18° 24.70 42.11 BSFC = 0.608 kg/kw hr

ambient air temperature = 21°C
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Test 4(a} Full throttle test - combustion catalyst introduced at
1 : 2000 ratic
Torque; Time for 48 ml| Exhaust Temp
ReM (Bm}) fuel [(sec) (*C)
1609 37.60 63.81 560 TAVE = 63.83 sec
1600 37.60 63.84
1600 37.60 63.93 PAVE = 5.30 kW
1600 317.60 63.78
le0n 37.60 a3.80 BSPC = 0.395 kg/kW hr
1800 37.20 56,25 590 TAVE = 56.22 sec
1800 37.20 56.20
1800 37.20 56.21 PAVE = 7.02 kW
1800 i7.20 56.19
1800 i7.20 56.27 BSFC = 0.403 kg/kW hr
2000 36.20 51.11 600 TAVE = 51,09 sec
2000 36.20 51.06
2000 36.20 51.03 PAVE = 7.58 kw
2000 36.20 51.15
2000 36.20 51.10 BSFC = 0.410 hg/kW hr
2200 34.20 47.03 alo THVE = 47.01 sec
2200 34.20 46 .58
2200 34.20 46.96 PAVE = 7.88 kW
2200 34.20 47,086
2200 34.20 47.02 BSFC = 0.429 kg/kW hr
2400 32.00 42.23 625 TAVE = 42,25 sec
2400 32.00 42.25
2400 32.00 42.28 PAVE = 8.04 kW
2400 3z.00 42.29
2400 32.00 42.19 BSFC = 0.468 kg/kW hr
ambient air temperature = 21°C
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Test 4(b) Part throttle test - combustion catalyst at 1 2000 ratio.
Half power at each speed
REM Torque| Time for 48 ml; Exhaust Temp
{Nm fuel (sec) (°C)
1600 18.80 116.15 355 TAVE = 116.20 sec
1600 18.80 116.23
1600 18.80 116.20 PAVE = 3.15 kW
1600 18.80 116.18
1600 18.890 116.22 BSFC = 0.434 kg/kW hr
1800 18.60 104.47 370 TAVE = 104.47 sec
1800 18.60 104.40
1800 18.60 104.51 PAVE = 3.50 kw
1800 18.60 104.53
1800 18.60 104.45 BSFC = 0.435 kg/kW hr
2000 18.10 94.11 385 TAVE = 94.12 sec
2000 18.10 294,17
2000 18.10 94.08 PAVE = 3.79 kW
2000 18.10 94,13
2000 18.10 94.10 BSFC = 0.446 kg/kwW hr
2200 17.10 82.06 410 TAVE = 82.09 sec
2200 17.10 82.09
2200 17.10 82.10 PAVE = 3.94 kw
2200 17.10 82.11
2200 17.10 82.08 BSFC = 0.491 kg/kW hr
2400 16.00 72.76 460 TAVE = 72.72 sec
2400 16.00 72.70
2400 16.00 72.68 PAVE = 4,02 kW
2400 16.00 72.71
2400 16.00 72.75 BSFC = 0.544 kg/kW hr
ambient air temperature = 21.5°C
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Teat 4(c) Variation in injection timing from standard setting of 30°
BTDC at full throttle and 2400 RPM. Combustion catalyst introduced at
1 : 2000 ratia

BTDC Torque | Time for 48 ml| Exhaust Temp

TIMING (N fuel (sec} (e0)

42e 32.70 431.76 €10 TAVE = 43.76 sec

42° 32.70 43.71 PAVE = 8.22 kW

42¢ 32.70 43.74

42+ 32.70 43.81 BSFC = 0.442 kg/kW hr
36° 33.60 43.08 625 TAVE = 43.06 sec

360 33.80 43.05 P.‘WE = 8.44 kW

36° 33.80 43,10

36° 33.690 43.01 BSFC = 0.437 ka/KW hr
3oe 32.20 42.24 620 TAVE = 42.23 sec

30° 32.20 42.28 PA‘JE = 8.09 kW

3ge 32.20 4z2.19

3ge 32.20 42.21 BSFC = 0,465 kg/kW hr
240 25.80 42.58 660 TJWE = 42.587 sec

24° 29.80 42.51 PAVE = 7.49 kw

24° 29.80 42.55

24° 29.80 42.62 BSFC = 0.499 kg/kW hr
18 24.30 42.01 695 TJ\V‘E = 42.00 sec

18¢ 24,30 42.04 PAVE = 6.11 kw

la= 24.30 41.95

18 24.30 41.92 BSFC = D.620 kg/kW hr

ambient air temperature = 21.5°C
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Test 5 Engine baseline test on clean diesel fuel at full throttle
REM Torque|{ Time for 48 ml | Exhaust Temp
{Nm} fuel {sec) {eC)

1600 37.30 63.64 550 TAVE = 6£3.60 sec

1600 37.30 63.58

1600 37.30 63.73 PAVE = 6.25 kW

1600 37.30 63.49

1600 37.30 63.55 BSFC = 0.400 kg/kW hr
1800 36.80 56.23 580 TAVE = 56.17 sec

1800 36.80 56.20

1800 36.80 56.12 PAVE = 6.94 kW

1800 36.80 56.14

1800 36.80 56.18 BSFC = 0.408 kg/kW hr
2000 35.90 50.83 590 TAVE = 50.84 sec

2000 35.90 50.77

2000 35.90 50.80 PAVE = 7.52 kW

2000 35.90 50792

2000 35.90 50.86 BSFC = 0.416 kg/kW hr
2200 33.80 46.69 605 TAVE = 46.69 sec

2200 33.80 46.73

2200 33.80 46.78 PAVE = 7.79 kW

2200 33.80 46 .65

2200 33.80 46.62 BSFC = 0.437 kg/kW hr
2400 31.40 42.24 620 TAVE = 42.19 sec

2400 31.4¢0 42.14

2400 31.40 42.16 PAVE = 7.89 kW

2400 31.40 42.19

2400 31.40 42.22 BSFC = 0.477 kg/kW hr

ambient air temperature = 21.5°C
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Test 6(a) TFull throttle test - Introducing combustion catalyst
dissolved in refined WA toluene at a 1 : 1600 ratio

REM Torque| Time for 48 ml| Exhaust Temp
(Nm) fuel (sec) (°C)
1600 37.70 63.89 570 TAVE = 63.86 sec
1600 37.70 63.86
1600 37.70 63.83 PAVE = 6.32 kw
1600 37.70 63.81
1600 37.70 63.91 BSFC = 0.394 kg/kW hr
1800 37.30 56.26 585 TAVE = 56.32 sec
1800 37.30 56.28
1800 37.30 56.136 PAVE = 7.03 kw
1800 37.30 56.40
1800 37.30 56.30 BSFC = 0.402 kg/kW hr
2000 36.50 51.13 605 TAVE = 51.13 sec
2000 | 36.50 51.11
2000 36.50 51.16 PAVE = 7.64 kW
2000 36.50 51.21
2000 36.50 51.05 BSFC = 0.407 kg/kW hr
2200 34.40 47.23 620 ’I‘AVE = 47.22 sec
2200 34.40 47.11
2200 34.40 47.30 PAVE = 7.92 kW
2200 34.40 47.25
2200 34.40 47.20 BSFC = 0.425 kg/kW hr
2400 32.30 42.25 630 TAVE = 42.32 sec
2400 32.30 42.41
2400 32.30 42.36 PAVE = 8.12 kW
2400 32.30 42.29
2400 32.30 42.27 BSFC = 0.463 kg/kW hr

ambient air temperature = 22°C
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part throttle test - Introducing combustion catalyst
dissolved in refined WA toluene at a 1 :
each speed

1600 ratio.

Half power at

REPM Torque| Time for 48 ml} Exhaust Temp
(Nm) fuel (sec) {°C}
1600 18.90 118.56 355 TavE 118.55 sec
1600 18.90 118.65
1600 | 18.90 118.72 PAVE = 3.17 kW
1600 18.90 118.49
1600 18.90 118.33 BSFC 0.423 kg/kW hr
1800 18.70 105.44 375 TAVE 105.43 sec
1800 18.70 10%.25
1800 18.70 105.56 PAVE 3.52 kw
1800 18.70 105.50
1800 18.70 105.40 BSFC 0.428 kg/kW hr
2000 18.30 94.18 395 TAVE 94.41 sec
2000 18.30 94.40
2000 18.30 94.57 PAVE 3.83 k%
2000 18.30 94.37
2000 18.30 94,51 BSFC 0.449 kg/kW hr
2200 17.20 82.38 440 TAVE 82.44 sec
2200 17.20 82.41
2200 17.20 82.49 PAVE 3.96 kW
2200 17.20 82.61
2200 17.20 82.30 BSFC 0.487 kg/kW hr
2400 16.10 72.82 475 TAVE 73.04 sec
2400 | 16.10 72.72
2400 | 16.10 73.45 P 4.05 kW
2400 | 16.10 72.98 AVE
2400 16.10 73.24 BSFC 0.537 kg/kW hr
ambient air temperature = 22°C
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Test 6[c) Variatiom in injectien timing - Introducing combustion
catalyst dissolved in refined WA toluene at a 1 : 1600 ratio. Test
dene at full throttle 2400 RPM

BTDC Torque | Time for 48 ml; Exhaust Temp
TIMING (Nm) fuel (sec) (=)

42° 32.70 43.87 610 TAVE = 43.B8 sec

42¢° 32.70Q 43.95 PAVE = B.22 kW

42¢ 32.70 43.83

42¢ 32.70 43.92 BSFC = 0.441 kg/kW hr
36° 32.70 43.16 625 TAVE = 43.15 sec

36° 33.70 43.19 PAVE = B.47 kW

36° 33.70 43.14

6" 33.70 43.09 BSFC = 0.435 kg/kW hr
3pe 32.30 42.33 630 TAVE = 42.36 sec

30% 32.30 42.36 pAVE = B.12 kW

3¢° 32,30 42.44

30° 32.30 42.30 BSFC = ©.462 kg/kW hr
z24" 30.00 42.70 665 TAVE = 42.63 sec

24° 30.00 42 .66 PvE - 7.54 KW

24° 30.00 42.61

24¢ 30.00 42.55 BEFC = 0.495 kg/kW hr
18 24.40 42.17 700 TAVE = 42.13 sec

18= 24.40 42.08 PavE = 6.13 k¥

187 24.40 42,13

18* 24.440 42.13 BSFC = 0.616 kg/kW hr

ambient air temperature = 22°C
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{a) Full throttle test - Introducing combustion catalyst
dissolved in "Shellsol” crude toluene at a 1

1600 ratio

REM Torque| Time for 48 ml] Exhaust Temp
(Nm) fuel (sec) (°C)
1600 | 37.80 63.92 570 Ty ve 63.90 sec
1600 37.80 63.90
1600 37.80 63.88 PAVE 6.33 kW
1600 37.80 63.94
1600 37.80 63.86 BSFC 0.393 kg/kW hr
1800 37.30 56.29 595 TAVE 56.30 sec
1800 37.30 56.30
1800 37.30 56.27 PAVE 7.03 kW
1800 37.30 56.33
18C0 37.30 56.32 BSPC = 0.402 kg/kW hr
2000 36.40 51.12 605 TAVE 51.13 sec
2000 | 36.40 51.09
2000 36.40 51.10 PAVB 7.62 kW
2000 36.40 51.15
2000 36.40 51.17 BSFC 0.408 kg/kW hr
2200 34.50 47.20 620 TAVE 47.22 sec
2200 34.50 47.17
2200 34.50 47.25 PAVE 7.95 kW
2200 34.50 47.24
2200 34.50 47.22 BSFC 0.423 kg/kW hr
2400 32.30 42.38 630 TAVE 42,34 sec
2400 32.30 42.34
2400 32.30 42.31 PAVE 8.12 kW
2400 32.30 42.29
2400 32.30 42.37 BSFC 0.462 kg/kW hr
ambient air temperature = 22.5°C
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Tahle 7(h) Part throttle test - Introducing combusticon catalyst
dissolved in "Shellscel" crude toluene at a 1 : 1600 ratio. Half power
at each speed

’EM Torgue | Time for 48 ml| Exhaust Temp
(Nm) fuel (sec) t°c]
1600 18.90 118.58 355 TAVE = 118.47 sec
1600 18.90 11E.47
1600 18.90 118.27 PAVE = 3.17 kW
1600 18.90 118.61
1600 18.90 118.43 BSFC = 0.423 kg/k¥W hr
1800 18.70 105.55 375 TAVE = 105.41sec
1800 18.70 105.48
1800 18.70 105.25 PAVE = 3.52 kW
1800 18.70 105.35
1800 18.70 105.40 BSFC = 0.428 kg/k¥W bhr
2000 18.20 94.00 395 TAVE = 94.41 sec
2000 18.20 94.51
2000 18,20 94.39 PAVE = 3.8l kW
2000 18,20 94.48
2000 18.20 94.65 BSFC = 0.442 kg/kW hr
2200 17.30 22.59 440 TAVE = B2.45 sec
2200 17.3¢ 82.42
2200 17.20 B2.52 PAVE = 3.39 kW
2200 17.30 8z2.30
2200 17.30 82.44 BSFC = 0.483 kg/kW hr
2400 15.10 72.72 475 TAVE = 72,96 sec
2400 16.10 72.98
2400 16.10 73.10 Fve = 4.05 kW
2400 15.10 73.02
2400 16.10 73.00 BSFC = 0.538 kg/kW hr

amblent air temperature = 22.3°C
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Test 7(c) Variation in injection timing - Introducing combustion
catalyst dissolved in "Shellsol"” crude toluene at a 1 : 1600 ratio.
Test done at full throttle 2400 rpm

BIDC | Torque| Time for 48 ml| Exhaust Temp
TIMING (Nm) fuel (sec) (°C)
42° 32.80 43.99 610 Tave = 43.88 sec
42° 32.80 43.80 PAVE = 8.24 kW
42° 32.80 43.90
42° 32.80 43.84 BSFC = 0.440 kg/kW hr
36° 33.60 43.22 625 Tove = 43.16 sec
36° 33.60 43.09 PAVE = 8.44 kW
36° 33.60 43.19
36° 33.60 43.15 BSFC = 0.436 kg/kW hr
30° 32.40 42.37 630 TAVE = 42.35 sec
30° 32.40 42.48 PAVE = B8.14 kw
30° 32.40 42.25
30° 32.40 42.30 BSFC = 0.461 kg/kw hr
24° 29.90 42.64 665 TAVE = 42.66 sec
24° 29.90 42.70 PV = 7.51 kw
24° 29.90 42.55
24° 29.90 42.77 BSFC = 0.496 kg/kW hr
18° 24.40 42.20 600 TAVE = 42.11 sec
18° 24.40 42.02 Pave = 6.13 kW
i8e 24.40 42.07
18° 24.40 42.16 BSFC = 0.616 kg/kW hr

ambient air temperature = 22°C
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Test 8(a} Full throttle test - Introducing combustion catalyst
dissolved in 50% toluene, 50% kerosine at a 1 : 1600 ratio
REH Torgue} Time for 48 ml Exhaust Temp
(Nm) fuel {(sec) (®C}
1600 37.70 63.91 570 TAVE = 6£3.88% sec
1600 37.70 63.95
1600 37.70 63.87 PAVE = 6.32 k¥
1600 37.70 63.84
1600 37.70 63.89 BSFC = 0,394 kg/kW hr
1800 37.20 6.31 5495 TAVE = 86.32 sec
1800 37.20 56.33
1800 37.20 56.28 PAVB = 7.01 kw
1800 37.20 56.136
le00 37.20 56.30 BSFC = 0.403 kg/kW hr
2000 36.50 51.18 605 TAVE = 51.15 sec
2000 36,50 51.15
2000 36.50 51.11 L— 7.64 kW
2000 36.50 51.17
2000 36.50 51.14 BSFC = 0.407 kg/kW hr
2200 34.60 47.23 620 Tave = 47.21 sec
2200 34.60 47.21
2200 34.60 47.24 Fove = 7.97 kM
2200 34.60 47.17
2200 34.60 47.18 BSFC = 0.422 kg/kW hr
2400 32.20 42,30 630 TAVE = 42.32 gec
2400 32.20 42.33
2400 32.20 42.36 PaveE = 8.09 kW
2400 32.20 42.28
2400 32.20 42.35 BSFC = 0.464 kg/kW hr

ambient air temperature = 21.5°C
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Test B(b} Part throttle test - Introducing combustion catalyst
dissolved in 50% Toluene, 50% kerosine at a 1 : 1600 ratic. Half
power at each speed

— Torque] Time for 48 ml; Exhaust Temp
{Nm) fuel {sec) (°C)
1600 18.80 118.29 355 TAVE = 118.44 sec
1600 18.80 118.39
1600 18.80 118.30 PAVE = 3.15 kW
1600 18.80 118.57
1600 18.80 118.66 BSFC = 1.342 kg/kW hr
1800 18.60 105.67 375 TAVE = 105.98 sec
1800 18.60 105.78
1800 18.60 106.03 PAVE = 3.51 kW
1800 18.60 106.08
1800 18.60 105.91 BSFC = 0.428 kg/kW hy
2000 18.20 94.25 395 TAVE = 94.95 sec
2000 18.20 94.63
2000 18.20 94.52 pAVE = 3.81 kW
2000 18.20 94.47
2000 18.20 94.40 BSFC = 0.442 kg/k¥W hr
2200 17.30 82.55 440 TAVE = 82.48 sec
2200 17.30 82.34
2200 17.30 82.42 PAVE = 3.99 kW
2200 17.30 82.44
2200 17.30 82.63 BSFC = 0.483 kg/kW hr
2400 16.10 72.40 475 Tove — 72.80 sec
2400 16.10 72.36
2400 16.10 73.01 PAVE = 4.05 kW
2400 16.10 73.28
2400 16.10 72.94 BSFC = 0.539 kg/kW hr

ambient air temperature = 21°C
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Test 8(c) Variation of injection timing - Introducing combustion
catalyst dissolved in 50% Toluene, 50% kerosine at a 1 : 1600 ratie.
Test done at full throttle 2400 RPM

BTDC Torgue| Time for 48 ml| Exhaust Temp
TIMING (Nm) fuel (sec) (°C)
42° 32,90 43.92 610 TAVE = 43.84 sec
42° 32.90 43.80 PivE = 8.27 kW
42° 32.90 43.77
42° 32.90 43.85 BSFC = 0.438 kg/kW hr
36° 33.60 43.10 625 TAVE = 43.16 sec
36° 33.60 43.14 PAVE = 8.44 kW
36° 33.60 43.18
36° 33.60 43.22 BSFC = 0.436 kg/kW hr
30° 32.40 42.36 630 TAVE = 42.36 sec
30° 32.40 42.38 PAVE = 8.14 kw
30 32.40 42.27
30° 32.40 42.41 BSFC = 0.461 kg/kW hr
24° 30.20 42.63 665 TAVE = 42.69 sec
24° 30.20 42.77 PAVE = 7.59 kw
24° 30.20 42.80
24° 30.20 42.54 BSFC = 0.431 kg/kW hr
18° 24.60 41.90 700 Tove = 42.02 sec
187 24.60 41.92 PavE = 6.18 kw
18° 24.60 42.20
18° 24.60 42.06 BSFC = 0.612 kg/kW hr

ambient air temperature = 21.5°C
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Test 9 Final baseline test at full throttle using clean diesel fuel

— Torgue; Time for 48 ml| Exhaust Temp
(¥m) fuel (sec) (°Cy
1600 37.5 63.72 550 TAVE = 63.65 sec
1600 37.% 63.60
1600 37.5 63.65 PAVE = 6£.28B kW
1600 37.5 63.70
1600 37.5 63.58 BEFC = 0.398 kg/kW hr
1800 | 37.1 56.21 580 TAVE = 56.20 sec
1800 37.1 56.16
1800 7.1 56.22 P = 6.939 kW
1800 37.1 56,28 AVE
18G0 37.1 56,13 BSFC = 0.405 kg /KW hr
2000 | 35.70 50.88 520 TAVE = 50.8B7 sec
2000 35.70 50.92
2000 35.70 80.63 PAVE = 7.48 kW
2000 35.70 50.80
2000 15.70 50.90 BSFC = 0.418 kg/kW hr
2200 33.90 46.61 605 TAVE = 46.71 sec
2200 33.90 46.67
2200 33.90 46.73 PAVE = 7.81 kW
2200 33.90 46.76
2200 33.390 46.80 BSFC = 0.436 kyg/kW hr
2400 31.70 42.15 620 TAUE = 42.16 sec
2400 31.70 42.25
2400 jl.70 42.10 PAVE = 7.97 kW
2400 il.7¢ 42.13
2400 31.70 42.18 BSFC = 0.473 kg/kW hr

ambient air temperature = 21.5°C
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Test 10(a) Full throttle test - Sample FPCl introduced at
1 : 1600 RPM
REM Torque| Time for 48 ml| Exhaust Temp
{Nm) fuel (sec) (°C)

1600 37.50 63.46 550 TAVE = 63.57 sec

1600 37.50 63.57 PAVE = 6.28 kW

1600 37.50 63.59

1600 37.50 €63.66 BSFC = 0.398 kg/kW hr

1800 37.10 56.24 580 TAVE = 56.20 sec

1800 37.10 56.16 AVE ~ 7.00 kW

1800 37.10 56.18

1800 37.10 56.20 BSFC = 0.404 kg/kw hr

2000 36.00 50.86 590 TAVE = 50.83 sec

2000 36.00 50.91 PAVE = 7.54 kW

2000 36.00 50.73

2000 36.00 50.80 BSFC = 0.415 kg/kW hr
. 2200 33.80-1 46.80 600 B 46.74 sec

2200 33.80 46.65 AVE = 7.79 kW

2200 33.80 46.77

2200 33.80 46.73 BSFC = 0.437 kg/kW hr

2400 31.70 42.22 620 TAVE = 42.19 sec

2400 31.70 42.15 AVE = 7.97 kW

2400 31.70 42.17

2400 31.70 42.20 BSFC = 0.473 kg/kW hr

ambient air temperature = 22°C
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Test 10(a}) Full throttle test - Sample FPC2 introduced at 1 : 1600
ratio

REM Torque| Time for 48 ml! Exhaust Temp
{Nm) fuel (sec} (°C}
1600 37.60 63.68 550 TAVE = 63.74 sec
1600 37.60 63.75 PAVE = 6.30 kW
1600 37.60 63.81
1600 37.60 63.70 BSFC = 0.396 kg/kW hr
1800 37.20 56.21 580 'I‘AVE = 56.22 sec
1800 37.20 56.28 L 7.01 kw
1800 37.20 56.17
1800 37.20 56.23 BSFC = 0.403 kg/kW hr
2000 36.10 5C0.87 590 TAVE = 50.89 sec
2000 36.10 50.93 PAVE = 7.56 kW
2000 36.10 50.86
2000 36.10 50.90 BSFC = 0.413 kg/kW hr
2200 34.00 46.72 605 TAVE = 46.81 sec
2200 34.00 46.80 PAVE = 7.83 kW
2200 34.00 46.71
2200 34.00 46.79 BSFC = 0.434 kg/kW hr
2400 31.80 42.23 620 TAVE = 42.25 sec
2400 31.80 42.30 PAVE = 7.99 kw
2400 31.80 42.27
2400 31.80 42.18 BSFC = 0.471 kg/kW hr

ambient air temperature = 22°C
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Test 10{c] Full throttle test - Sample FPC3 introduced at 1 : 1600
ratic

Torque | Time for 48 ml| Exhaast Temp
RPM {Nm) fuel (sec) (eCy
1600 37.50 63.99 570 TAVE = 63.98 sec
1600 37.50 64.01 PAVE = 6.28B kW
1600 37.50 64.04
1600 37.50 63.87 BSFC = (.39 kg/kW hr
1800 37.10 56.45 595 TAVE = 56.43 sec
1800 37.10 56.40 PAVE = 6.99 kW
1800 37.10 856.51
1800 37.10 56. 36 BSFC = 0.403 kg/kW hr
2000 36.30 51.23 ato TAVE = 51.25 sec
2000 36.30 51.19 PAVE = 7.60 kW
2000 36.30 51.26
2000 36.30 51.30 BSFC = 0.406 kg/kWw hr
2200 34.40 47 .25 615 TAVE = 47.21 sec
2200 34.40 47.21 pAVE = 7.93 kW
2200 34.40 47.22
2200 34.40 47.17 BEFC = 0.425 kg/kW hr
2400 32.00 42 .47 530 TAVE = 42.41 sec
2400 32.00 42.36 PAVE = B.04 kW
2400 32.00 42.28
2400 32.00 42.51 BSFC = 0.466 kg/kW hr

amblent air temperature = 23°C
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Test 10(d) Full throttle test - Sample FPC4 introduced at 1 : 16C0Q
ratio

REM Torque! Time for 48 ml| Exhaust Temp
(Nm) fuel ({sec} (°C)
1600 37.70 63.90 570 TAVE = 63.90 sec
1600 37.70 63.95 PAVE = 6.32 kW
1600 37.70 63.93
1600 37.70 63.80 BSFC = 0.394 kg/kW hr
1800 37.20 56.30 595 TAVE = 56.35 sec
1800 37.20 56.29 PAVE = 7.01 kw
1800 37.20 56.44
1800 37.20 56.36 BSFC = 0.402 kg/kW hr
20C0 36.50 51.26 605 TAVE = 51.22 sec
2000 36.50 51.29 PAVE = 7.64 kW
2000 36.50 51.17
2000 36.50 51.14 BSFC = 0.406 kg/kW hr
2200 34.60 47.27 620 TAVE = 47.16 sec
2200 34.60 47.08 PVE " 7.97 kW
2200 34.60 47.1%
2200 34.60 47.11 BSFC = 0.423 kg/kW hr
2400 32.20 42.39 630 TAVE = 42.38 sec
2400 32.20 42.43 PAVE = 8.09 kW
2400 32.20 42.31
2400 32.20 42.37 BSFC = 0.464 kg/KW hr

ambient air temperature = 23°C
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Test 10(e) Full throttle test - Sample FPC5 introduced at 1 1600
ratio
DM Torque; Time for 48 ml; Exhaust Temp
(Nm) fuel (sec) (¢C)
1600 38.00 64 27 580 TAVE = 64.28 sec
1600 38.00 64.23 Pove = 6.37 kW
1600 38.00 64.28
1600 38.00 64.32 BSFC 0.388 kg/kW hr
1800 37.40 56.42 600 TAVE = 56.51 sec
1800 37.40 56.44 AVE 7.05 kW
1800 37.40 56.50
1800 37.40 56.66 BSFC 0.399 kg/kW hr
2000 36.30 51.18 605 TAVE = 51.24 sec
2000 36.30 51.26 PAVE = 7.60 kW
2000 36.30 51.22
2000 36.30 51.30 BSFC 0.408 kg/kW hr
2200 34.30 47.23 620 TAVE = 47.20 sec
2200 34.30 47.17 PAVE = 7.90 kW
2200 34.30 47.21
2200 34.30 47.19 BSFC 0.426 kg/kW hr
2400 32.00 42.50 625 TAVE = 42.57 sec
2400 32.00 42.55 PAVE B.04 kW
240G 32.00 42.60
2400 32.00 42.62 BSFC 0.464 kg/kW hr
ambient air temperature = 22.5°C
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Test 10(f) Full throttle test - Sample FPC6 introduced at 1 : 1600
ratio
RPM Torque| Time for 48 ml; Exhaust Temp
(Nm) fuel (sec) (°C)
1600 37.30 63.47 550 Tave = 63.64 sec
1600 37.30 63.63 PAVE = 6.25 kW
1600 37.30 63.71
1600 | 37.30 63.73 BSFC = 0.400 kg/kW hr
1800 37.00 56.20 580 TAVE = 56.19 sec
1800 37.00 56.22 Pove = 6.97 kW
1800 37.00 56.18
1800 37.00 56.16 BSFC = 0.406 kg/kW hr
2000 35.80 50.90 590 TAVE = 50.86 sec
2000 35.80 50.78 PAVE = 7.50 kW
2000 35.80 50.85
2000 35.80 50.92 BSFC = 0.417 kg/kW hr
2200 33.90 46.66 600 TAVE = 46.76 sec
2200 33.90 46.78 PAVE = 7.81 kW
2200 33.90 46.89
2200 33.90 46.72 BSFC = 0.435 kg/kW hr
2400 31.40 42.11 620 TAVE = 42.12 sec
2400 31.40 42.13 PvE - 7.89 kW
2400 31.40 42.16
2400 31.40 42.08 BSFC = 0.478 kg/kW hr

ambient air temperature = 22.5°C
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Test 10(g) Full throttle test - Sample FPC7 introduced at 1 : 1600
ratio

RDM Torgue! Time for 48 ml; Exhaust Temp
{Nm) fuel (sec) (<c)
1600 | 37.60 63.70 550 TAVE = 63.75 sec
1600 | 37.60 63.78 PAVE = 6.30 kW
1600 37.60 63.84
1600 37.60 63.68 BSFC = 0.396 kg/kW hr
1800 | 37.10 56.23 580 TavE 56.25 sec
1800 37.10 56.31 PAvE = 6.99 kW
1800 | 37.10 56.20
1800 | 37.10 56.26 BSFC = 0.404 kg/kW hr
2000 | 36.20 50.83 590 TAVE = 50.84 sec
2000 | 36.20 50.90 PAVE = 7.58 kW
2000 | 36.20 50.85
2000 | 36.20 50.79 BSFC = 0.413 kg/kW hr
2200 | 33.90 46.75 605 TAVE = 46.85 sec
2200 | 33.90 46.81 PavE = 7.81 kW
2200 33.90 46.94
2200 33.90 46.91 BSFC = 0.434 kg/kW hr
2400 31.80 42.29 620 TAVE = 42.24 sec
2400 31.80 42.33 PAVE = 7.99 kW
2400 31.80 42.15
2400 31.80 42.20 BSFC = 0.475 kg/kW hr

ambient air temperature = 23°C



APPENDIX 2

GRAPHS OF TEST RESULTS
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APPENDIX 3

ENGINE AND EQUIPMENT SPECIFICATION
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TD35 |
Varimax Test
and Research
Engine Rig

Features

Dasigned specially for teaching and re-
search purposes

Simultaneous study of dynemics and thermo-
dynamics of the internal combustion sngine
A robust engine with advanced and unique
features

Variable Compression Ratio 4,5:1 to 20:1
whilst engine ts running

Petrol/diesel operation with minimal changa-
over time

Valve timing and opening period adjustable
whilst the engine is running

Strain gauged crenkshaft suspension system
allows analysis of gas and dynamic forces
Transducers indicete cylinder pressurs,
diasel fuel line prassure, injector needle lift,
and flywheel! cyciic variations

Mixture strangth can be controlled manually
with differant carburettor chokes supplied
Diesel injection timing may be varied
Spark timing may be varied

Mass of the flywheel can be altered by
inartia ring addition

Basic engine, dynamometer motor, and
elactrical loading unit designed to accept
supercharging

Fully integrated test rig comptete with in-
strumentation

Separate cooling circuits for cylinder head
and cylinder jacket

Package units for supercharging, petrol in-
jection and operstion on natural gas and
LPG fusl are available as optional extras



Description

The Ve max Engine Test Ry was designed anc
develtned specially 8s a leaching unit and for the
evaluzl.an of the effects on engine periormance
of cena » lundamental variahles. This makes it an
nvaluabie 100 tor research workers, university
lecturers and students.

The engine is a four-stroke, vertical single
cvlinder, water cooled diesel/petrol unit, namim-
ally rated a1 7,6kW {10bhp] with speed variation
between 500 and 3000rev/min. The compres-
zion ratio can be adjustied between 4,5:1 and
2Q:1 by raising or lowenng the complete ¢crank-
shiaft assembly which is camried in a cradle
pivoted on an axis parallel with 1he crankshaft.
Suspension members for carrying this cradle
pragect thrpugh the crankcase to anchor points,
These membess have prepared surfaces 1o which
are attached stram gauges for determining the
verticat and horizontai compeanents of the torces
acting cn the main bearings.

The cast iron cylinder head houses overhead
camshatts which are chain driven from the
crankshafl. & compensating linkage ensures that
there 15 no phase shift of the camshafis as the
crankshatt is raised and lowered.

It is possible to vary the timing and the period for
poth inlet and exhaust valves whilst the engine is
running. These variables are quite indepandent of
each other. Afiernatively the vaive mechanism
may be locked at set values.

The cylinder head is provided with three similar
apertures suitable for receiving sparking plugs or
pressure ransducers. or a fuel injector when
operating as a compression ignition engine.

The aluminium piston has one oil scraper and
three compression rings.

Ignitian is by means of a magneto. driven from
one of the halt-speed drives. Spark timing is fully
adjustable.

A separate cold water make up supply to the
mixing tank enables lemperatures across the
engine 10 be stabilized during test.

A limit switch short circunts the magneto at
compression ratios in excess of 13:1 and. in the
event of the engine overspeeding. actuates a
solenoid to avtomatically cut off the fuel supply
when running as a diesef engine.

The normal carburettor fitted is a down-draught
1ype supplied with a variety of chokes and an
adjustable metering jet.

A motor driven pump circulates cooling water
through the cylinder head and the cylinder liner
jacket, as two separate systems. The flow
through each system can be controlled inde-
pendently and measured.

- llltllgwk-f:vah camshall and crodic beataigs are abi

pressuze lubricated from s mator dnven ol
pump Al pipes are BSS colour codad, but @
SeChon is n semi-transparent nylon to reveal ol
Hlow

A crank angle tirming disc is provided.

The moment of inertia of the flywheel can be
increased by the addition of an inertia ring.

The engine is connected 1o a trunnion mounted
de swinging field dynamomeiter through 8 shaft
with flexible universal couplings at each end,

SECTION THROUGH ENGINE

Electrical loading unit

An adjacent framework houses the electrical
loading unit. A number of resistance mats in
parallel provide 40 equal increments of load. A
field regulator provides fine adjustment between
each step.

A separate circuit enables the engine 10 be
motored for bath starting and determination of
friction horse power.

A dc supply of B0 amps a1 220V is required for
starung purpeses, and also provides the generator
field excitation. If no such supply i5 available
suitable rectifier cubicle can be quoted for as an
extra on raquesl. {ltern TD35¢).

A single phase ac supply of 16 amps at
200/250V 50/60Hz is also required.



CAMSHAFT AND DRIVE

ekl e

Sy PR

VALYE TIMING DIAGRAM
WOMINAL VALUES OMNLY

Engine services

A framework pver the dynamometer incorporates
the tollowing enging services:

{a) A large capacity air intake box with a pulsation
damper and an air flow measuring orifice.

(bl A cooling water mixing tank. A suppiy of cold
water is required together wath an arrangement
for disposal of the overflow 1o drain.

(¢} Four fuel tanks (2 diesel, 2 petrol].

[y
Engine contro! panel

A panel n from of the services and Inading
frames carries the following instruments anc
controls:

A 1hree hutl pipetie for luel consumManon meas-
urements and wo direct reading ratameters for
cominuously monitoring diesel fuel and petrol
flow.

Twin flowmeters for measuring cocling water
flow through the engine jacket and the cylinder
head respectively, Valves for conirolling the
cooling water in each of these two circuits.
Master thermoeleciric temperature indicator and
selector switch for alf water temperatures, ol
temperature and air intake temperature

A separate thermoelectric indicator for exhaust
iemperature

Inclined-scale manometer far air onifice pressure
drop

Exhaust gas ssmpling point

Engine rev/min Indicator

Fuel Selector 12ps

Throtite controis — Petrol and Diesel

Load control switches

Fullfhalf speed load switch

Torgue indicating unit

Ignition switch

Dyniamaometer field regulator

Decompressor lever -

Lubricating ©il preéssuse gauge

Emergency STOP button

Motor/Generalor change-over switch
Starting/mototing rheostat

Dynamomeler armature voltmeter
Dynamometer armature ammeter-Motoring
Oynamormeter armature — Generating
Dynamometer field voltmeter

HRC Fuses 10 protect both Motoring and Gerer-
ating circuits. Starters for oil and water pumps
Warning panel

Additional instrumentation inciudes a compres-
sion ratio indicator mounted on the engine.

A hand-held stroboscope is also provided 1o
indicate both ignition and valve timing, from
degree markings on the fiywhee! and shutters
actuated by the vatve tappets

The engine may be converted from diesel 10
petrol and vice versa in only a few minutes.
withaut removing the cylinder head.

Electronic instrumentation

The following transducers are fitted to or incor-
porated in the engine.

Cylinder pressure [piezo-electric typel

Diesel fusl line pressure (resistance type)

Diesel needle lift (differential transfarmer] :
Vertical and harizontal forces in members sup-
porting the crankshaft {strain gauges)

Flywheel cyclic irregularity {inductive pick-up)
Crank angle timing {inductive pick-up)

These transducers are connected to 8 multi-point
socket from which a cable leads 10 3 separate
#ree standing Electronic Control Panel TD35a Mk
In.
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Range of experiments and performance
graphs

Suggested expenments and investgatiéns which
may be conducted wiih this engine and 1or which
compdete controls and instrurmentalion are pro-
vided are listed below. This list is by no means
exhaustive and serves only as a guide for carrying
oul @ number of experimenis pertinent 10 recip-
rocating internal combustion engine thermo-
dynamics and dynamics. The facilities incor-
perated in the design enable an extensive range
of progjects 1o be carried out.

1. Volumetrie efficiency — the effect of valve
ming. Independent variation of timing and
perind {or inley and exhaust valves,

2. Measurement of gas and dynamic tarces ~
polas load dwagram.,

3. Analaysis of cyclic iregutarity

4. Exhaust emission,

5. Measuremem of friction and fluid pumping
losses.

As a spark ignitran engine:

6. Performance characteristic curves of power,
specitic fuel consumption, etc., over the {ull
speed range.

7. Mixture strength test v thermal etficiency and
torque. Alsp power against air fuel ratio, specific
fuel consumptian. exhaust tempearature.

8. Effect of variable compression ratio pn power
and thermal efficiency. Also detonation and pre-
ignition.

9. Variation of ignition timing — relationship with
speed for maximum pawer developed.

10. Detonation and Octane rating.

AS a COMPression igniton engine:

11. Performance characteristic curves

12. Effect of variable compression ratic at
selected injection tmings.

13. Variation of injection timing.

14, Fuel injection equipment studies —~ needle [ift
and fue! line pressure can be displayed.
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Engine specification

Bore: 95.25mm(3,75in).

Stroke: 114,3mmi4.5in).

rev/min: 500-3000.

Nominal power: 7.5kW(10bhpl.
Compression ratio; 4,5:1 to 20:1.

Optianal extra

TD35a Mk |l Electronics Contro! Panel.

TD35b Supercharger and sssociated eguipment.
TD3%5¢ Petrol Injection Equipment.

TD35d Natural gas and LPG fuel equipment.
TD35e Rectifier Unit to provide 220V 604 de
supply from 3 phase ac supply (voltage and
fraquency to be specified by the customer a1 the
enguiry stage).

Space required

For free access around the engine test bed an
arez of 39360mml156in} by 2540mm{100in) is
required. The electronic control panel is 3
zeparate unit which shauld be positioned con-
veniently close to the engine.
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