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EXECUTIVE SUMMARY

The FTC Combustion Catalysts manufactured and marketed by Fuel Technology Pty Ltd
has proven in laboratory and field trials to reduce fuel consumption in the range of 2% to
8% under comparable load conditions and also substantially reduce greenhouse gas
emissions. Recent studies conducted by “Centre For Energy” department at UWA by
world renowned expert in the field of combustion Professor Zhang, has scientifically
proven beyond doubt the ability of this unique catalyst to improve combustion and
significantly reduce fuel consumption.

Following discussions with Carosue Dam Operations General Manager Mr Grant
Haywood, who has had previous experience in the efficiencies FTC-3 Combustion
Catalyst provides, it was agreed that a fuel efficiency study should be conducted in the
Kalgoorlie Power Supply’s (KPS) generation plant at Carosue Dam operations.

This study was primarily designed to eliminate KPS management concerns as to any
detrimental effect FTC may have on engine components and secondly to reconfirm the
fuel efficiency provided by FTC-3. The trial encompassed two engines, one to remain
untreated for control comparison and one to have fuel supply treated with the FTC-3
Combustion Catalyst.

The engineering standard test procedure employed in this test program was Specific Fuel
Consumption tests (SFC).

The net efficiency gain (reduction in fuel consumption) measured in this very well run

power generation operation by this international engineering standard test method was
2.7%.
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I NTRODUCTION

Baseline (untreated) fuel efficiency tests were conducted on two Cummins KTA 50
Generator sets, No’s 2 and 3 during the week commencing 6" September, 2011
employing the SFC test procedure.

Fuel Technology Pty Ltd supplied, on loan, an air operated FTC catalyst metering
system which was calibrated and commissioned following completion of the baseline
tests.  This unit injected catalyst into the fuel supply of the selected treated fuel test
engine No. 3. Engine No. 2 continued to operate on untreated fuel.

Treated tests on engine 3 and control tests on engine 2 employing the SFC test procedure
were conducted during the week commencing 21* November, 2011.

For all tests the engine loads were set at 0.8 MW.

TEST METHODS

The Specific Fuel Consumption (SEC) test procedure employed in this efficiency study
measures the absolute amount of fuel consumed against work performed by the engine
over time at a constant load. From this raw data the engine’s efficiency can be
calculated.

This evaluation of FTC involves a series of back to back untreated (baseline) and treated
fuel tests conducted approximately two months apart.

Calibrated Hoffer turbine flow transducers were used to measure fuel supplied to the
engine and also fuel returning from the engine from which the net volume of fuel
consumed can be calculated.

The flow transducers are fitted with thermocouple probes which enable measurement of
fuel temperature at each transducer. All these measurements are automatically
downloaded to a data taker every 10 seconds.

From the fuel temperature the density at that temperature is calculated. A sample of
fuel was taken for laboratory analysis and the density determined at industry standard of
15°C. Copies of the laboratory reports are included in the Appendix.

Volumetric fuel flows are corrected for density and temperature and reported in mass
(kg) of fuel.

Work done, or KWh’s produced, are normally also recorded every 10 seconds by data
taker but due to KPS management concerns with usage of this equipment in their
operations, KWh’s produced were recorded manually every 10 minutes from stations
instrument panel.
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TEST EQUIPMENT

Data Taker

Hoffer Turbine Flow Transducers
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TEST R ESULTS

Fuel Efficiency

A summary of the fuel efficiency results achieved in this test program are detailed in the
following table.

The results are represented graphically in Graphs 1 and 2.
TABLE 1

Specific Fuel Consumption Test Results
(Average over 3 Hour period)

Engine No. Baseline 6/9/11 Retest 21/11/11 | Variation
Kg/kWh Kg/kWh
2 0.1922 0.1756 - 8.6%
3 0.2033 0.1978 -2.7%

As baseline tests conducted 6™ September indicate, engine No.2 is slightly more efficient
than engine No.3.

Treated tests indicate engine No.3 following FTC-3 treatment has an improved fuel
efficiency of 2.7%. Engine No.2 although still untreated has shown an unachievable
efficiency of 0.1756 Kg’s of fuel per KWh. This anomaly indicates an error in
recordings which is believed to be caused by one meter. The suspect meter is being
returned to manufacturer in the USA to confirm and have repaired. (It should be noted
that two different sets of fuel meters were used on the two engines although the same
meters were used for each test on each engine)
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GRAPH NO. 1
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The efficiency gain of 8.6% recorded by the untreated test engine can only be a result of
instrumentation malfunction. The net efficiency gain resulting from fuel treatment with
the FTC-3 Catalyst is 2.7%. Although this is at the lower end of efficiency normally
achieved, it must be pointed out that this operation is a very well run station and engines
were base loaded (locked in) during tests at their most efficient load of 0.8MW.

CONCLUSION

This carefully controlled engineering standard test conducted on Cummins KTA 50
Gensets, confirm that FTC-3 Combustion Catalyst will have no detrimental effect on
engine components and will provide reduced fuel consumption of a minimum 2.7%. At
normal operating parameters where load swings are experienced and in mobile
equipment that does not operate as efficiently, it is expected this fuel efficiency benefit
would be 2-3% higher. (Varying efficiencies at varying loads is demonstrated in paper
published in journal “Applied Science” enclosed in appendix).

A fuel efficiency gain of 2.7% as measured by the Specific Fuel Consumption test
method if applied to the total fuel currently consumed by Carosue Dam operations will
result in a Net saving of approximately $444,000 and 1,600 tonnes per annum reduction
in CO, emissions.
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41-45 Furnace Road, Welshpool, Westem Australia 6106 Telephone: (08} 9458 BB77 (24 hours)
Locked Bag 27, Welshpool DC, Western Australia 6986 Facsimile: (08) 9458 BBS57
Email: geotech @ geotechnical-services.com.au ACN 050 543 184

LUBRICANT ANALYSIS REPORT

FUEL TECHNOLOGY PTY LTD
2 TIPPING ROAD KEWDALE WA B105 Fleet Number: P/O 4279
Compartment:
Phone: {08) 9353 1016 Fax:  (08) 9353 1013 Lubricant: DIESEL FUEL
Site: Machine:
Area:
Atten: NOEL MILLIN Submission No; 43101 Date: 112/2011
Lab. Number : 263155
Date Sampled : 086/09/2011
Date Received : 29/1112011
Unit Hours : 0
0il Hours : 0
kgL 0.8403

DENSITY @ 15 C (ASTM D4052)

A = Abnomnal D= Danger I/S = Insuficient Sample N/D = Not Determined
Comments:
Density is within the diesel fuel specifications { 0.82 - 0.87kg/L)

Report enquiries to: Ken Traynor Results apply to the samples as recelved

Test Methods :
Flash Point - D93-10a, Viscocity - D445-11a/D7042-11, Elements - D5185-09, Acid Number - D974-11, Base Number -
D2§96-07a, Scot SAMO01, Water {Screening Testy SAMO02, Density - D7T042-11, Water SAM003, Colour - D1500-07,
Flash Paint (Setaflash) SAMO04 NOTE : ppm = ugfg

End of Report
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41-45 Fumace Road, Welshpoo!, Western Australia 8106 Telephone: (08) 9458 BB7T (24 hours)
Locked Bag 27. Welshpool DC. Westem Australia 8986 Facsimile: {08} 9458 BB5T
Email: geotech @ geotechnical-services.com.au ACN 050 542 194

LUBRICANT ANALYSIS REPORT

FUEL TECHNOLOGY PTY LTD

2 TIPPING ROAD KEWDALE WA 6105 Fleet Number: P/O 1279
Compartment:
Phone: (08} 9353 1016 Fax: (08) 9353 1013 Lubricant: DIESEL FUEL
Site: Machine:
Area:
Atten: NOEL MILLIN Submission No; 43104 Date: 1/12/2011
Lab. Number : 263156
Date Sampled : 211112011
Date Received : 291112011
Unit Hours : 0
Oil Hours : 0
kafL 0.8349

DENSITY @ 15 C {ASTM D4052)

A=Abnormal D= Danger 1I/S = insuficient Sample N/D = Not Determined
Comments:
Density is within the diesel fuel specifications { 0.82 - 0.87kg/L}

Report enquiries to: Ken Traynor Results apply to the samples as recalvad

Test Methods :
Flash Point - D93-10a, Vigcocity - D445-11a/D7042-11, Elements - D5185-09, Acid Number - DS74-11, Base Number -
D2896-07a, Soot SAMO01, Water {Screening Test) SAM002, Density - D7042-11, Water SAM003, Colour - D1500-07,
Flash Point (Setaflash) SAM004 NOTE : ppm = ug/g

End of Report



Appendix “B”

Applied Science Journal Paper



Conterts lists available at SciVerse ScienceDirsct

Applied Energy

FDNEATRER

journal homepage: www.elsevier.com/locate/apanergy

Effect of a homogeneous combustion catalyst on the combustion characteristics
and fuel efficiency in a diesel engine
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ARTICLE INFO ABSTRACT

The influence of a ferrous picrate based homogeneous combustion catalyst on the combustion character-
istics and fuel efficiency was studied using a fully instrumented diesel engine. A naturally aspirated four
stroke, single cylinder, air cocled, direct injection diesel engine was tested at engine speeds of 2800 rpm,
3200 rpm and 3600 rpm under variahle load conditions, with different dosing ratio of the catalyst in a
commercial diesel fuel. The results indicated that the brake specific fuel consumption decreased and
the brake thermal efficiency increased with the addition of the catalyst, At the catalyst dosing ratio of
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gmb r::i;n characteristics 1:10,000, the brake specific fuel consumption was reduced by 3.3-42% at light engine load of
Dieselue ngine ac 0.12 MPa and 2.0-2.4% at heavy engine load of 01,4 MPa due to the application of the catalyst. From the
Fuel efficiency in-cylinder pressure and heat release rate analysis, it was found that the catatyst reduced ignition delay

Homogeneous combustion catalyst and combustion duration of fuel in the engine, resulting in slightly higher peak cylinder pressure and fas-

ter heat release race.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Diesel engines are widely used in road transportation, remote
and small scale dieset-fuelled power generation system, heavy
machineries and mining equipments powered by diesel fuel
f1-3]. Due to ever increasing fuel costs and the public concerns
of the urban air quality due to increased use of petroleum fuels-,
many studies have been conducted aver the past few decades in
an effort to develop cleaner and more efficient diesel engines ang
their use [4-8]. One possible alternative is homogeneous combus-
tion catalysts added into diesel fuel to improve auto-ignition and
combustion quality of diesel within the diesel engines, leading to
higher fuel efficiencies. Fuel efficiency is often characterised by
the brake specific fuel consumption, which is defined as the rate
of the fuel consumption divided by the power produced, allowing
the energy conversion efficiency of different engines to be com-
pared directly [2].

Effective homogeneous combustion catalysts should have the
following several characteristics: (1) they must be soluble in the
diesel fuel homogeneously without settling out or agglomeration
during application, storage and con-board consumption; (2) they
must have excellent catalytic activity promoting hydrocarbon
combustion so that only a very tiny amount of the catalyst is re-
quired; and (3) the catalyst would not change the fuel specification
significantly and generate the secondary pollutions. Twao groups of

¥ Corresponding author. Tel.: +51 8 6488 7600; fax: +61 8 6488 7235,
E-mail address; Dongke Zhang@uwa.edu.au (D, Zhang).

0306-2619/% - see front macter § 2011 Elsevier Ltd. All rights reserved.
doi:10.1016fj.apenergy. 201 1.09.007

combustion catalysts are commaonly used: metal-containing cata-
lysts and ash-free catalysis [10,11]. Cempared to the ash-free cat-
alysts, metal containing compounds are claimed to be more
effective [10]. A number of metal ions are found to promote hydro-
carbon combustion such as Iron {11-15], Cerivum [16-18], Platinum
[19,20], Copper |21], Barium [22], Sedium |23} and Manganese
{24.25]. These metal-based catalysts are either manufactured in
the farm of the organometallic compounds or nano-particles using
proprietary technaloegies. With the application of the homogeneous
combustion catalysts itt diesel engines, up to 12% fuel saving was
claimed based on field trial tests and laboratory tests [11].
Manufactured by Fuel Technology Pty Ltd., the homogeneous
combustipn cagalyst used in the present study was a ferrous pic-
rate-water-butanol solution with additives. These additives are
mainly short-chain alkyl benzene and its derivatives, which help
improve the stability of the ferrous picrate-water-butanol-diesel
mixture [11,26]. When applied in proper proportion in diesel en-
gines, this dark green catalyst was claimed to improve fuel effi-
ciency [26]. However, the reported fuei savings due to the use of
the catalyst in diesel engines were varied and at times, controver-
sial [11]. In addition, the mechanisms of the working of the homao-
geneous combustion catalyst in the diesel combustion process in
engines remain unclear, which hinders its widespread applications.
It is postulated that the catalyst promotes the ignition and heat re-
lease rate in diesel engines [12] but some researchers believe that
the catalyst only participates in the carbon depesit reaction within
engine cylinder [13]. Thus, a science-based, systematic study of the
effect of the catalyst on fuel efficiency and combustion character-
istics in diesel engines is necessary. Against this backdrop, the
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influence of the combustion catalyst on fuel efficiency and com-
bustion characteristics as a function of caralyst dosing ratio, engine
load and speed were investigated on a single cylinder compression
ignition engine in the present study.

2. Experimental setup

The experiments were conducted with an air-cooled, single cyl-
inder, four-stroke diese] engine system which was manufactured
by Advanced Engine Technology Pty Ltd. (AET). Major specifica-
tions of the engine are listed in Table 1.

The engine was mounted on an automated bed and coupled with
an eddy-current dynamometer which was equipped with a load cell
for engine load measurement. There were twa sensors placed in the
load cell, one for the engine load and the other far the engine speed.
These signals were fed into a controller through which the opetator
can set speed and load of the dynamometer, Coolant and lube-oil
systermns were assured by electronically driven pumps to control
the operation temperature of the dynamometer and engine. Instan-
taneous engine oil temperature, engine cylinder head temperature
and intake air temperature were recorded and acquired by a com-
puter to monitor the combustion quality within the engine. A sche-
matic diagram of the engine test bench is illustrated in Fig. 1.

A 11tank and a digital weighing scale (Acculab 1T-3200) on the
top deck of the fuel system frame measured the fuel consumed at a
fixed time interval {5 min in the present experimentation}. The fuel
tank was refilled automatically from a 41 fuel reservair. The digital
scale is connected to the data acquisition system so that the brake
specific fuel consumption during each test could be calculated and
displayed on the computer.

Fuel injection in the engine was achieved with a YANMAR PFE-
M type pump, capable of supplying injection pressures of up to
19.6 MPa. [njection timing was mechanically controlled and was
fixed. To measure the instantaneous pressure within the cylinder,
a high accuracy piezoelectric pressure sensar (Kistler 6052B1)
was used, mounted to the cylinder head. The fuel injection pres-
sure was measured using a piezoresistive transducer (Kistler
4067BB2000) connected on the injector side of the pipe linking
the injection pump and injector. The needle lift was measured
using a Hall-effect proximity sensor mounted within the injector
nozzle body. In the present experimentation, cylinder pressure,
fuel injection pressure and needle lift were measured every
5 min and 10 cycles were acquired in each measurement with a
sampling rate corresponding to 0.2° CA. The cylinder head temper-
ature, dynamometer coolant remperature and exhaust gas termper-
ature were measured by thermocouples, All these signals were
connected to the input of an A{D board installed on an IBM
compatible Pentium PC. This board can acquire input data at a high

Table 1
SCIEEF Test Engine specifications,

Engine type Four stoke, direct injection, compression
ignition {Yanmar L48AE-DG)

Cylinder number Single

Bore [mm)] « stroke TF0 = 55
(mm})

Total displacement (L) a1

Compression ratic 199

Fuel injectar body Fuel injection pump: YANMAR PFE-M type
and nozzle

Injection timing: 14 £ 1 BTDC

[before top dead center}

Fuel injection pressure: 19.6 Mpa

Fuel injection nozzle: Hole nozzle
YANMAR YDLLA-P type

Nozzle: 4 nozzle holes with hole diameter
0.22mm
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Fig. 1. A schematic diagram of the diesel engine test bench,

rate, capable of recording these high frequency engine signals with
an acceptable resolution.

3. Parameters tested

The performance of a compression engine is generally charac-
terised by several key parameters including [2,27]:

» The brake specific fuel consumption (bsfc), for measuring the
fuel efficiency within a diesel engine. A higher brake specific
fuel consumption means a lower fuel efficiency.

» The brake thermal efficiency (bte), for measuring the efficiency
and completeness of combustion of the fuel within a diesel
engine.

» The heat release rate, for characterising the rate of heat released
due to the combustion within a diesel engine.

In each test, by knowing the engine load and speed which were
set for a given experiment and kept constant by the engine dyna-
mometer controller, the key engine performance parameters were
computed using the following formula:

The brake mean effective pressure, b.m.e.p. (in bar).

bmep = (4nM/V.) x 107" (1)

The brake power, P {in W}

P = (M x 2nN}/60 {2}
The brake specific fuel consuruption, b.s.fc. (in gfkw h).

bsf.c.= (m/P)x 36 x 10° (3)
The brake thermal efficiency, b.t.e.

bt =P x ¢) {4)

where M is the engine brake torque, Nm; N is the engine speed,
rpm; P is the engine power, W: 1 is the fuel consumption rate,
keg/fs; Vc is the engine displacement volume, m?; and ¢ is the lower
calorific value of the diesel, M[{kg.

The heat release rate is calculated based on a single-zone model
where the mixture in the cylinder is assumed to be uniform in both
composition and temperature and the internal energy of mixture is
calculated using the first law of thermodynamics [2]. The detailed
description of the heat release calculation can be found in Ref,
(2,27]. By knowing the cylinder pressure which was experimen-
tally obtained and the instantaneous cylinder volume, the heat re-
lease rate was given using the following formula [2]:

dQu/dt=(V+c./Ryp(dV /dt)+ {cy/R) -V - (dp/diy +RA(T - Ty} (5)

where A is the heat transfer surface area of the combustion chamber
walls; Qn is the gross heat release; Cv is the specific heat capacity of
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Fig. 2. Definitions of combustion characteristics in digsel engines.

the mixture at constant volume; p is the pressure and V is the cyl-
inder volume; h is the hear transfer coefficient whirh was calcu-
jated based on the Annand equation [27]; and Tw is the wall
temperature.

With the measured cylinder pressure and the calculated heat
release rate, the typical combustion characteristics can be deter-
.mined including the cylinder pressure rise rate, ignition delay
and total combustion duration. These characteristics are shown
in Fig. 2. These combustion characteristics reveal some interesting
features, which assist in the understanding of the combustion
mechanisms associated with the use of the homogeneous combus-
tion catalyst in the diesel engine.

As shown in Fig. 2, the injection timing, which is the start of fuel
injection, was determined at the crank angle where the injector nee-
dle lift rises suddenly. The ignition timing, which is the start of com-
bustion, was determined at the point where the heat release starts
12]. The difference between the ignition timing and the injection
timing is the ignition delay. The end of a combustion processinacy-
cle was taken as the point where 90% of the cumulative heat release
had occurred [ 2], The difference between the end of the combustion
and the ignition timing was taken as the total combustion duration.

4. Experimental procedure and statistical analysis

Caltax no. 2 diesel was used as the baseline fuel in the present
study and its specifications are listed in Table 2. The homogeneous
combustion catalyst was added into the baseline diesel fuel at dos-
ing ratios of 1:20,000, 1:15,000, 1:10,000, 1:5000 (by volume),
respectively. [t was found that the addition of the catalyst in diesel
fuel does not change the fuel specifications.

In the present study. a series of tests were conducted at four loads
corresponding to about 100%, 75%, 50% and 25% of the maximum
load for three engine speeds at 2800 rpm, 3200 rpm and 3600 rpm.

All experimental runs began with running the engine the pure
diesel fuel in order to determine the baseline of the fuel consump-
tion under each of set of the test conditions against which the
brake specific fuel consumption data when the homogeneous com-

Table 2
Properties of diesel fuel.

Fuel parameters Caltax no. 2 diesel fuel Analytical method

Viscosity, £5t (@40 *C) 203 ASTM D445
Flash point (°C} 80 ASTM DS3
Pour paint (*C} 10 ASTM DS7
Distillation range [°C) 180-3E60 ASTM DBE
Density, gfmL (15 °C) 08435 ASTM D1298
Sulphur content {ppm) <10 ASTM D1266

M. Zhu er al, fAppiied Energy S1 (2012) 166-172

bustion catalyst was applied to the diesel were compared under
the same conditions, The same procedure was repeated for each
fuel with a different catalyst dosing ratio by keeping the same
operating conditions. At each fuel change, the engine was run far
at least 30 min to purge the remaining previously tested fuel in
the engine fuel system, Tests on each fuel with a different catalyst
dosing ratio were repeated five times to ensure the repeatabiiity
and statistical vatidity of the results. All results presented in this
study were the average of five measurements under the same con-
ditions, with error bars showing the standard derivations of these
measurements.

in order to determine the statistical validity of the measured re-
sults, a statistical analysis was performed using SPSS software
{5P55 Inc, Chicago). The procedure was consisted of an analysis
of the variance {ANOVA) and Fisher's least significant difference
{LSD)}28]. A statistical level of significance was defined by a (p) va-
lue less than or equal to 0.05 which would indicate that the mean
value of the brake sperific fuel consumption of ar least one of the
fuels was not equal ta the others. Statistical non-significance was
defined by (p) value greater than 0.05.

5. Results and discussion
5.1. Effect of the catalyst on fuel efficiency

The effect of the catalyst dosing ratio on the brake specific fuel
consumption with the full loaded engine working at speeds of
2800 rpm, 3200 rpm and 3600 rpm, respectively, is shown in
Fig. 3. 1t can be seen that the brake specific fuel consumption de-
creased with increasing the catalyst dosing ratic under the tested
engine conditions. However, the brake specific fuel consumption
did not decrease linearly with the catalyst dosing ratio, At the
tested engine speeds, the reduction of the brake specific fuel con-
surmption with the catalyst dosing ratio from 0 to 1:15,000 is about
three or four times than that with the catalyst dosing ratio from
1:15,000 to 1:5000.

The results of statistical analysis of ANOVA and 15D are pre-
sented in Table 3 including the differences in average means of
the brake specific fuel consumption for each fuel and the associ-
ated p value. The statistical analysis indicates that the brake spe-
cific fuel consumption does not change significantly until the
catalyst dosing ratio reached 1:15,000 under the three tested
speeds. It can also be seen that there is a significant difference in
the brake specific fuel consumption between the fuel with catalyst
dosing ratio of 1:15,000 and the fuel with the catalyst dosing ratio
of 1:10,000, whiie the brake specific fuel consumption between the
fuel with catalyst dosing ratio of 1:10,000 and the fuel with cata-
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Fig. 3. The brake specific fuel consumption as 4 function of the catalyst dosing ratio.
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Tahle 3
Results of ANOVA analysis,

3600 rpm, 0.4 MPa

1200 rpm, 0.42 MPa 2800 rpm, 0.4 MPa

Mean difference p-Value Mean difference p-Value Mean difference p-Value
Pure diesel 120,000 0.78 0336 238 0.037 112 0315
1:15.000 3.64 <.0001 532 <0.0001 4.42 am
1:10,000 6.92 <0).0001 532 <0.0001 744 <0.0001
1:5000 6.02 <0.0001 74 <0.0001 84 <0.0001
1:20,000 1:15,000 286 0.002 254 0.012 33 0,007
1:10.000 6.14 <0.0001 254 0012 £.32 «0.0001
1:5000 524 <0.0001 502 <0.0001 7.28 «0.0001
1:15,000 1:10,000 328 0.001 o 1.0 3.02 oz
1:5000 238 0.007 208 0.065 398 0.002
1:10,000 1:5000 -09 0.269 2.08 0.065 096 0388

Note: Mean difference in the table refers 1o the difference between the mean values of BSFC the two fuels compared. p-Value indicates the significance of the difference at the

95% confidence level

tyst dosing ratio of 1:5000 is almast the same. This implies that the
pptimum catalyst dosing ratio seems to be around 1:10,000.

The dependency of the brake specific fuel consumption on the
engine load (BMEP) when the engine was run at engine speeds of
2800 rpro, 3200 rpm and 3600 tpm, respectively, with pure diesel
and diesel dosed with different catalyst dosing ratios are is pre-
sented in Fig. 4. It is obvious that the application of the homoge-
negus combustion catalyst reduced the brake specific fuel
consumption under all tested load conditions. It is also evident that
the homogeneous cornbustion catalyst has a greater effect when
the diesel engine was run under light loads. For example, uader
the engine speed of 2800 rpm, the use of the homogeneous com-
bustion catalyst reduced the brake specific fuel consumption from
573.1 to 548.9 gkW* h™! (4.2% fuel saving). at the engine load of
0.12 MPa and the catalyst dosing ratio of 1:10,000. As the engine
load incteased, the influence of the homogeneous combustion cat-
alyst on the brake specific fuel consumption become less signifi-
cant, Under the tested engine speeds and engine load of 0.4 MPa,
the brake specific fuel consumption is reduced by 2-2.4% when
the fuel was dosed with the catalyst at a dosing ratio of 1:10,000.
The reason may be interpreted as follows, The gas temperature
in the cylinder is higher when the engine load is higher, leading
to a better burning condition of the fuel mixture, with or without
the catalyst. Consequently, the ability of the homogeneous com-
bustion catalyst to promote diesel combustion pracess at higher
engine loads is not as significant as that at light engine loads.

The variation of the brake thermal efficiency on the engine load
when the engine was run at engine speeds of 2800 rpm, 3200 rpm
and 3600 rpm, respectively, with pure diesel and diesel dosed with
catalyst at dosing ratio of 1:10,000 is illustrated in Fig. 5. It can be
seen that the brake thermal efficiency increases with increasing
engine load, reaching the maximum values of 24-26%. This implies
that the energy conversion efficiency is higher at the higher engine
load condition due to the higher gas temperature and better burn-
ing conditions. It is also evident that the brake thermat efficiency
increases due 1o the use of the homogeneous combustion catalyst
under the tested engine conditions. At the engine speeds of
2800 rpm. 3200rom and 3600 rpm and with the catalyst dosing ra-
tic of 1:10,000, the improvemnent of the brake thermal efficiency
reached approximately 0.3-0.8%. It is also seen that the improve-
ment of the brake thermal efficiency is slightly greater in the light
load range, For example, undet engine speed of 2800 rpm and the
catalyst dosing ratio of 1:10,000, the brake thermal efficiency was
improved by 0.52% at the engine load of 0.12 MPa but by 0.3% at
the engine icad of 0.4 MPa.

5.2. Effect of the cotalyst on combustion characteristics

Fig. 6 illustrates the engine cylinder pressure and pressure rise
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at the engine load 0.4 MPa and 0.42 MPa, respectively, when the
fuel was dosed with catalyst at different ratios. [n comparison with
those with the pure diesel, the ignition timing is shortened with
the diesel dosed with the homogeneous combustion catalyst and
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the maximum pressure increases slightly. Due to the fact that the
ignition timing occurred after the top dead center under both con-
ditions seen in Fig. 6, the reduction of ignition timing with the
addition of the catalyst implies that the combustion eccurred clo-
ser to the top dead center, resulting in a higher maximum pressure
and a higher rate pressure rise. It is also obvious that the ignition
timing and the maximum pressure and pressure rise rate does
not change significantly when the catalyst dosing ratic increases
from 1:10,000 to 1:5000. This observation is consistent with the
finding that the brake specific fuel consumption dees not change
significantly when the catalyst dosing ratio increased from
1:10,000 to 1:5000 as shown in Fig. 4.

Based on the above measured pressure data, the heat release
rates of the pure diesel and the fuel dosed with the catalyst at dos-
ing ratios of 1:10,000 and 1:5000 were calculated and shown in
Fig. 7. It is very clear that the rate of burning is very high after
the ignition, which corresponds to the period of rapid cylinder
pressure rise. This is followed by a period of gradually decreasing
heat release rate. The commencement of heat release is advanced
when the catalyst was dosed into the diesel fuel, resulting in a
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shorter ignition delay. The reduction of the ignition delay is less
than 1 degree when the homogeneous combustion catalyst was
added into the diesel fue! up to the dosing rario of 1:5000. The
end of the combustion was also advanced with the addition of
the catalyst, shortening the total combustion duration. The reduc-
tion of the combustion duration is about two degrees when the
homogeneous combustion catalyst was added into the diesel fuel
up to the dosing ratio of 1:5000,

Fig. 8 shows the effect of the catalyst on the ignition delay and
the combustion duration under different engine loads (BMEF) at
the engine speed of 3200 rpm. It is seen from Fig. 8a that the igni-
tion delay slightly decreased with increasing engine load for both
pure diesel and diesel being dosed with the catalyst. Adding the
catalyst into the diesel fuel resulted in a shorter ignition delay un-
der all tested engine load conditions. However, it is evident that
the effect of the catalyst on the ignition delay is more significant
under lower engine loads. For instance, with the diesel fuel dosed
with catalyst at a dosing ratio of 1:10,000, the ignition delay was
shortened 0.7 °CA (decreasing from 14.2 °CA ta 13.5 °CA) under en-
gine load BMEP of 0.13 MPa while only 0.4 *CA (from 12.7 °CA to
12.3 °CA) under engine load BMEP of Q.42 MPa. It is also mani-
fested that increasing the catalyst dosing ratio from 1:10,000 to
1:5000, the ignition delay did not change significantly. From
Fig. 8b, it is seen that the combustion duration for all the tested
fuels increased with increasing the engine load. With the increase
of the engine load, more fuel is injected and consumed, which
takes a longer time to complete the cembustion. A significant
reduction in the combustion duration was observed with the cata-
lyst dosed in the diesei fuel and this was more remarkable under
lower engine load. Linder the BMEP of 0.13 MPa. the combustion
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duration was reduced by 3.5 °CA from 23.2 °CA to 19.7 °CA while
only 22°CA from 29.3°CA to 27.1°CA under the BMEP of
0.42 MPa with the use of the catalyst at a dosing ratio of
1:10,000. However, the combustion duration was not further
shortened when the catalyst dosing ratio was doubled, especially
at higher engine loads.

From Figs. 6-8, it is inferred that the homogeneous combustion
catalyst plays a catalytic rote during the diesel combustion process
in the diesel engine. it promotes the ignition and accelerates the
heat release of the diesel combustion in the engine, which allowing
time for more complete fuel combustion [29].

6. Conclusions

The effect of the homogeneous combustion catalyst on fuel con-
sumption and combustion characteristics in a diesel engine has
been investigated under different engine speeds, loads and catalyst
dosing ratios. The main conclusions can be drawn as follows:

1. The brake specific fuel consumption can be reduced up to 4.2%
with the addition of the homogeneous combustion catalyst.
However, the brake specific fuel consumption reduction does
not correlate linearly with the catalyst dosing ratio and, when
the catalyst dosing ratio is greater than 10,000, the brake spe-
cific fuel consumption becomes less variant.

2. The reduction of the brake specific fuel consumption is greater
at light loads. With the catalyst dosing ratio of 1:10,000, the
brake specific fuel consumption is reduced by 3.3-4.2% at light
engine load of 0.12 MPa and only 2.0-2.4% at higher engine load
of 0.4 MPa.

3. The brake thermal efficiency is increased with the addition of
the catalyst. The brake thermal efficiency is increased by 0.3-
0.8% at engine speeds of 2800 rpm, 320 rpm and 3600 rpm with
the catalyst dosing ratio of 1:10,000.

4. The addition of the homogeneous combustion catalyst shortens
the ignition delay and combustion duration of diesel in the
engine, resulting in slightly higher peak cylinder pressure and
faster heat release rate.
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