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ABSTRACT 
This study experimentally investigated the 

performance of an automobile stumpy limited 

temperature (ASLT) automobile diesel engine fitted 

with a ceramic-coated cylinder head, in which a 

coating of 600-micron thickness was applied to the 

inner portion of the cylinder head, fuelled with 

Barbados/Jatropha oil at normal and preheated 

temperatures under varied injection pressures and 

injection timings. The experimental performance 

analysis evaluated brake thermal efficiency, exhaust 

gas temperature, and volumetric efficiency at various 

values of brake mean effective pressure (BMEP), 

while exhaust emissions of smoke and oxides of 

nitrogen (NOx) were recorded at the same BMEP 

values. Combustion characteristics at the peak-load 

operation of the engine were acquired using a TDC 

encoder, a pressure transducer, a console, and a 

dedicated pressure–crank-angle software package. 

Throughout the performance analysis, the 

conventional engine (CE) exhibited deteriorated 

performance, whereas the SLT engine exhibited 

improved performance with the biofuel at the 

manufacturer’s recommended injection timing of 27° 

bTDC and an injection pressure of 190 bar. Relative 

to the CE operating on pure diesel, the performance 

of both engine versions improved with advanced 

injection timing and at higher injection pressure. The 

optimum injection timing was 32° bTDC for the CE 

and 29° bTDC for the SLT engine under CJO 

operation, and the peak brake thermal efficiency 

increased by 7% in comparison with pure diesel 

operation on the CE at the manufacturer’s 

recommended injection timing. 

 

KEYWORDS: ASLT Engine, Barbados Oil, 

Exhaust Emissions, Fuel Performance, Combustion 

Characteristics 

 

I. INTRODUCTION 
The demand for diesel fuel extends beyond 

the transportation sector to the agricultural segment, 

and this heavy consumption, coupled with the rapid 

depletion of fossil-fuel reserves, has made the search 

for alternative fuels increasingly relevant, alongside 

the efficient utilization of fuel, which remains a 

persistent concern of engine manufacturers, users, 

and researchers engaged in combustion and 

alternative-fuel research. The concept of employing 

vegetable oil as a fuel is as old as the diesel engine 

itself: Rudolf Diesel, the inventor of the engine that 

bears his name, experimented with fuels ranging 

from powdered coal to peanut oil. Several researchers 

(Gayen and Chatterjee, 2024), (Pugazhyadivu and 

Jayachandrau, 2018) and (kamata et., al 2023 

examined the use of vegetable oils as fuels in 

conventional engines unlike in diesel engines and 

reported inferior performance, citing the problem of 

high viscosity; Misra & Murthy (2010) additionally 

identified their low volatility and unsaturated 

character as limiting factors. The drawbacks of high 

viscosity and poor volatility inherent in vegetable oils 

call for the Automobile Stumpy Limited Temperature 

(ASLT) engine, which provides a hot combustion 

chamber suited to burning these fuels over their 

longer combustion durations. It is a well-established 

fact that approximately 30% of the energy supplied 

to an engine is lost through the coolant and a further 

30% is dissipated through friction and other losses, 

leaving only about 30% of the energy available for 

useful purposes. Consequently, the major thrust of 

engine research during the last one to two decades has 

been the development of ASLT engines. The 

principal methods adopted for realizing the ASLT 

engine concept are (i) the application of ceramic 

coatings to the piston, liner, and cylinder head, and 

(ii) the creation of an air gap in the piston and in other 

components fabricated from low-thermal-

conductivity materials such as super alloys, cast iron, 

and mild steel. Alberto et., al (2021) investigated low 

heat engines with varying degrees of high 

temperature insulation solutions namely: a ceramic-

coated engine, an air-gap insulated-piston engine, 

and an air-gap insulated-liner engine—under pure 

diesel operation, and reported that engine 

performance improved as the degree of insulation of 

the ASLT version increased. Various researchers 

(Balu et., al,2021) and (Sanjay, 2010) reported that 
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ceramic coatings on low heat rejection using karanja 

oil methyl ether with retarded injection timing 

provide adequate insulation, improve brake-specific 

fuel consumption (BSFC), and decrease pollution 

levels under pure diesel operation. 

Experiments have likewise been conducted 

on ASLT engines fuelled with vegetable oils, Kamata 

and Ram (2023) tested Jatropha oil in an ASLT 

engine in resolving poor engine performance through 

optimization of operation parameters and fuel 

preheating prior to the injector and comprising a 

ceramic-coated cylinder head and an air-gap cylinder 

liner, and reported that performance improved while 

hydrocarbon and smoke pollution levels decreased in 

the ASLT version relative to the conventional engine 

(CE) operating on pure diesel; the addition of ignition 

improvers to the Barbados/Jatropha oil further 

enhanced performance and reduced pollution levels. 

Hariram., et al (2026) evaluated vegetable oils: Neem 

oil and karanja oil in an ASLT engine under hydrogen 

enrichment at flow rates of 2, 4 and 6 LPM (liters per 

minute) and reported that the performance of the oils 

improved with pre-heating. The problems commonly 

encountered with crude vegetable oils in diesel 

engines include the formation of carbon deposits, oil-

ring sticking, and the thickening and gelling of the 

lubricating oil as a consequence of contamination by 

the vegetable oils; these problems can be resolved if 

neat vegetable oils are chemically modified into 

biodiesel as also described by (Kamata and Ram 

(2023).  

Further investigations have been carried out 

on ASLT engines fuelled with biodiesel. Rajendra et 

al. (2010) examined a low-heat-rejection diesel 

engine in which the cylinder head and the exhaust and 

inlet valves were coated with the ceramic material 

MgO–ZrO2 and the piston surface was coated with 

ZrO2, operated with canola methyl ester, and 

reported an increase in engine power, a decrease in 

specific fuel consumption, and significant 

improvements in exhaust-gas emissions and smoke 

density relative to the CE. Muhamed et al. (2011) 

tested an ASLT engine with a ceramic-coated piston 

crown, liner, and inner cylinder-head surface fuelled 

with palm-oil-based biodiesel, and reported that the 

ASLT engine reduced smoke while marginally 

increasing NOx emissions and thermal efficiency. 

Kesava et al. (2012) investigated a low-heat-rejection 

diesel engine with a fly-ash-coated (200-micron 

thickness) cylinder head, cylinder liner, valves, and 

piston crown, fuelled with pongamia- and rice-bran-

based biodiesel, and reported that the ASLT engine 

improved efficiency with these alternative fuels. 

Dauglas et al. (2014) tested pongamia oil in an ASLT 

engine with a ceramic coating of 600-micron 

thickness on the inner portion of the cylinder head 

and reported that performance improved with 

advanced injection timing. 

The present paper evaluates the 

performance of an ASLT engine fitted with a 

ceramic-coated cylinder head under different 

operating conditions of crude Jatropha oil (CJO), 

with the engine parameters of injection pressure and 

injection timing varied systematically, and compares 

the results with those of the CE operating on pure 

diesel at the recommended injection timing and 

injection pressure. 

 

II. MATERIAL AND METHODS 
The experimental arrangement employed 

for the investigation of the ASLT diesel engine 

fuelled with CJO is illustrated in Figure 1. The CE 

incorporated an aluminium-alloy piston with a bore 

of 80 mm and a stroke of 110 mm; its rated output 

was 3.68 kW at a speed of 1500 rpm, and the 

compression ratio was 16:1. The manufacturer’s 

recommended injection timing and injection pressure 

were 27° bTDC and 190 bar, respectively. The fuel 

injector was fitted with three holes of 0.25 mm 

diameter. The combustion chamber was of the direct-

injection type, with no special arrangement for 

imparting a swirling motion to the air. The engine 

was coupled to an electrical dynamometer for the 

measurement of its brake power. 
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Figure 1: Schematic diagram of the experimental set-up 

1. Engine, 2. Electrical dynamometer, 3. Load box, 4. Orifice meter, 5. U-tube water manometer, 6. Air box, 7. 

Fuel tank, 8. Three-way valve, 9. Burette, 10. Exhaust gas temperature indicator, 11. AVL smoke meter, 12. Netel 

chromatograph NOx analyzer, 13. Outlet jacket water temperature indicator, 14. Outlet-jacket water flow meter, 

15. Piezo-electric pressure transducer, 16. Console, 17. TDC encoder, 18. Pentium personal computer, and 19. 

Printer. 

 

Fuel consumption of the engine was 

determined by the burette method [14], and air 

consumption was measured by the air-box method. 

The naturally aspirated engine was provided with a 

water-cooling system in which the inlet temperature 

of the water was maintained at 60°C by adjusting the 

water flow rate. The engine oil was supplied through 

a pressure-feed system, and no temperature control 

was incorporated for the lubricating oil. Copper 

shims of suitable thickness inserted between the 

pump body and the engine frame were used to vary 

the injection timing, whose effect on engine 

performance was studied together with changes in the 

injection pressure from 190 bar to 270 bar in steps of 

40 bar, set by means of a nozzle-testing device; the 

maximum injection pressure was restricted to 270 bar 

owing to practical difficulties. The exhaust gas 

temperature (EGT) was measured with iron and iron–

constantan thermocouples. Partially stabilized 

zirconia (PSZ) of 600-micron thickness was coated 

onto the inner portion of the cylinder head. 

Exhaust emissions of smoke and NOx were 

recorded at various BMEP values using an AVL 

smoke meter and a Netel chromatograph NOx 

analyzer, respectively. A piezoelectric transducer 

fitted on the cylinder head to measure the pressure 

within the combustion chamber was connected to a 

console, which in turn was connected to a Pentium 

personal computer. A TDC encoder provided on the 

extended shaft of the dynamometer was connected to 

the console to register the crank angle of the engine. 

A dedicated pressure–crank-angle (P–θ) 

software package processed the pressure and crank-

angle signals to derive the combustion 

characteristics—peak pressure (PP), time of 

occurrence of peak pressure (TOPP), maximum rate 

of pressure rise (MRPR), and time of occurrence of 

maximum rate of pressure rise (TOMRPR)—at the 

peak-load operation of the engine, and the pressure–

crank-angle diagram was obtained on the screen of 

the personal computer. The properties of the CJO and 

of the diesel fuel used in this work are presented in 

Table 1. 

 

Table 1: Properties of the test fuels 

Test Fuel Viscosity at 25°C 

(centipoise) 

Density at 25°C Cetane 

Number 

Calorific Value 

(kJ/kg) 

Diesel 12.5 0.84 55 42000 

Barbados oil 

(crude) 

125 0.9 45 36000 
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III. RESULTS AND DISCUSSION 

3.1 Performance Parameters 

As indicated in Figure 2, the CE operating 

on CJO exhibited a deterioration in performance over 

the entire load range relative to pure diesel operation 

on the CE at the recommended injection timing. 

Although carbon accumulation on the nozzle tip may 

have played a partial role in the general trends 

observed, the difference in viscosity between diesel 

and CJO offers a plausible explanation for the 

deterioration of engine performance under CJO 

operation. In addition, the reduced entrainment of air 

by the fuel spray suggests that spray penetration 

increased, so that a greater quantity of fuel reached 

the combustion-chamber walls. Furthermore, the 

droplet mean diameters (expressed as the Sauter 

mean diameter) were larger for the vegetable oil, 

leading to a reduced rate of heat release compared 

with diesel fuel. 

 
Figure 2: Variation of BTE with BMEP in the CE at various injection timings 

 

The vegetable oil also exhibited a longer 

ignition (chemical) delay arising from its lower 

cetane number. Consistent with the qualitative 

picture of combustion under CJO operation in the CE, 

the lower brake thermal efficiency (BTE) was 

attributed to the relatively retarded and reduced heat-

release rates. At all loads, BTE increased as the 

injection timing was advanced in the CE operating on 

CJO relative to the CE at the recommended injection 

timing and pressure. This improvement arose from 

the earlier initiation of combustion and from more 

efficient combustion associated with increased air 

entrainment into the fuel spray, which together 

yielded a higher BTE. When the injection timing was 

advanced to 32° bTDC in the CE, BTE increased at 

all loads for CJO at normal temperature, and the same 

increase at all loads was observed for CJO at the 

preheated temperature. The gain in BTE at the 

optimum injection timing over the recommended 

injection timing under CJO operation in the CE can 

be attributed to the fuel’s longer ignition delay and 

extended combustion duration. 

Preheating the vegetable oil further 

improved the performance of the CE over the entire 

load range relative to the oil at normal temperature. 

Preheating reduces the viscosity of the vegetable oil, 

thereby improving its spray characteristics and 

diminishing the impingement of the fuel spray on the 

combustion-chamber walls, which promotes efficient 

combustion and, consequently, a higher BTE. 

The curves in Figure 3 indicate that the SLT 

version of the engine achieved a marginal 

improvement in performance over the entire load 

range compared with the CE operating on pure diesel. 

The high cylinder temperatures promoted better 

evaporation and faster combustion of the fuel injected 

into the combustion chamber, while the reduction in 

the ignition delay of the CJO within the hot 

environment of the SLT engine improved the heat-

release rates and permitted more efficient energy 

utilization. Preheating the CJO improved the 

performance of the ASLT version of the engine still 

further. 
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Figure 3: Variation of BTE with BMEP in the SLT engine at various injection timings 

 

With the ASLT engine operating on CJO at normal 

temperature, the optimum injection timing was found 

to be 29° bTDC. Because the hot combustion 

chamber of the ASLT engine shortens both the 

ignition delay and the combustion duration, the 

optimum injection timing was reached earlier in the 

ASLT engine than in the CE under CJO operation. 

Figure 4 demonstrates that, at both the recommended 

and the optimum injection timings, the ASLT engine 

delivered a higher BTE than the CE under CJO 

operation. 

 

 
Figure 4: Variation of BTE with BMEP in both versions of the engine at the recommended and optimum 

injection timings 
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As mentioned earlier, CJO operation requires a hot 

combustion chamber because the fuel is highly 

viscous and has a prolonged combustion duration, a 

requirement satisfied by the ASLT engine. To 

improve the spray characteristics and atomization of 

the CJO, the injection pressure was varied from 190 

bar to 270 bar, and the injection timing was advanced 

from 27° to 34° bTDC for both the CE and the ASLT 

engine. Table 2 shows that the peak BTE increased 

with increasing injection pressure in both versions of 

the engine across the different operating conditions 

of the CJO. 

 

Table 2: Data of peak BTE 

Injection 

Timing 

(° 

bTDC) 

Test 

Fuel 

Peak BTE (%) 

Conventional Engine SLT Engine 

Injection Pressure (bar) Injection Pressure (bar) 

190 190 230 230 270 270 190 190 230 230 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT 

27 DF 28 – 29 – 30 – 29 – 30 – 30.5 – 

27 CJO 24 25 25 26 26 27 30 31 31 32 32 33 

29 DF 29 – 30 – 31 – 29 – 30 – 31 – 

29 CJO 25 26 26 27 27 28 31 32 32 33 33 34 

30 DF 30 – 31 – 31 – 29 – 30 – 31 – 

30 CJO 26 27 27 28 28 29 27 28 28 29 29 30 

31 DF 30 – 30 – 31 – – – – – – – 

31 CJO 27 28 28 29 27 28 – – – – – – 

32 DF 30 – 31 – 32 – – – – – – – 

32 CJO 28 29 27 28 26 27 – – – – – – 

33 DF 31 – 31 – 30 – – – – – – – 

DF – Diesel Fuel; NT – Normal or Room Temperature; PT – Preheat Temperature 

 

The improvement in BTE at higher injection 

pressure is attributable to the improved fuel-spray 

characteristics. In contrast to the CE, however, the 

optimum injection timing of the ASLT engine did not 

vary even at higher injection pressures. It was 

therefore concluded that the optimum injection 

timings for the CE are 32° bTDC at 190 bar, 31° 

bTDC at 230 bar, and 30° bTDC at 270 bar, whereas 

the optimum injection timing for the ASLT engine 

was 29° bTDC irrespective of the injection pressure. 

The peak BTE of the SLT engine was higher than that 

of the CE across the different operating conditions of 

the CJO. 

As can be observed from Figure 5, the CE 

operating on CJO at the recommended injection 

timing recorded a higher EGT at all loads than the CE 

operating on pure diesel. The lower and retarded 

heat-release rates, together with the higher specific 

energy consumption, increased the EGT in the CE, 

and the extended ignition delay under the different 

CJO operating conditions lengthened the duration of 

the burning phase. 
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Figure 5: Variation of EGT with BMEP in both versions of the engine at the recommended and optimum 

injection timings 

 

The ASLT engine recorded lower EGT values than 

the CE under CJO operation. This resulted from the 

reduction of the ignition delay in the hot environment 

created by the insulation of the ASLT engine, which 

caused the gases to expand within the cylinder, 

yielding a higher work output and lower heat 

rejection. This demonstrates that performance 

improved with the ASLT engine relative to the CE 

under CJO operation. 

As is evident from Table 3, the EGT decreased with 

increasing injection pressure and advancing injection 

timing in both versions of the engine, which confirms 

that performance improved with injection pressure; 

preheating the CJO likewise reduced the EGT in both 

versions of the engine. 

 

Table 3: Data of EGT at peak-load operation 

Injection 

Timing (° 

bTDC) 

Test 

Fuel 

EGT at the Peak Load (°C) 

Conventional Engine SLT Engine 

Injection Pressure (bar) Injection Pressure (bar) 

190 190 230 230 270 270 190 190 230 230 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT 

27 DF 425 – 410 – 395 – 460 – 450 – 440 – 

27 CJO 480 500 500 490 490 465 450 425 425 400 400 375 

29 DF 415 – 405 – 400 – 440 – 430 – 420 – 

29 CJO 470 450 450 430 430 410 425 400 400 375 375 350 

30 DF 410 – 400 – 385 – 460 – 450 – 440 – 

30 CJO 460 440 440 420 420 400 450 425 425 400 400 375 

31 DF 400 – 390 – 375 – 450 – 445 – 440 – 

31 CJO 440 420 420 400 440 420       

32 DF 390 – 380 – 380 – – – – – – – 

32 CJO 420 400 440 420 460 440 – – – – – – 

33 DF 375 – 375 – 400 – – – – – – – 

33 CJO 400 390 410 400 420 410 – – – – – – 
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Figure 6 shows that the volumetric 

efficiency (VE) decreased with increasing BMEP in 

both versions of the engine, a consequence of the rise 

in gas temperature with load. At the recommended 

injection timing, the VE of both engine versions 

operating on CJO decreased at all loads relative to the 

CE operating on pure diesel. This reduction arose 

from the increased temperature of the incoming 

charge in the hot environment created by the 

insulation, which reduced the density, and hence the 

quantity, of the air inducted into the SLT engine. The 

VE increased marginally in the CE and in the ASLT 

engine at the optimized injection timings relative to 

the recommended injection timing under CJO 

operation, owing to the decrease in the unburnt-fuel 

fraction in the cylinder in the case of the CE and to 

the reduction of gas temperatures in the case of the 

ASLT engine. 

 

 
Figure 6: Variation of VE with BMEP in both versions of the engine at the recommended and optimum injection 

timings 

 

This marginal increase in VE at higher 

injection pressures reflects better fuel-spray 

characteristics and improved evaporation, together 

with a reduction in the residual fraction of the fuel as 

the injection pressure increased. Preheating the 

vegetable oil likewise improved the VE marginally in 

both versions of the engine relative to the oil at 

normal temperature, because the more efficient 

combustion reduced the concentration of unburnt 

fuel. From Table 4 it can be observed that the VE 

increased marginally with advancing injection timing 

and with increasing injection pressure in both 

versions of the engine. 

 

Table 4: Data of volumetric efficiency at peak-load operation 

Injection 

Timing 

(° 

bTDC) 

Test 

Fuel 

Volumetric Efficiency (%) 

Conventional Engine SLT Engine 

Injection Pressure (bar) Injection Pressure (bar) 

190 190 230 230 270 270 190 190 230 230 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT 

27 DF 85 – 86 – 87 – 78 – 80 – 82 – 

27 CJO 83 84 84 85 85 86 75 76 76 77 77 78 

29 DF       80 – 81 – 82 – 

29 CJO 84 85 85 86 86 87 76 77 77 78 78 79 

30 DF 86 – 87 – 88 – 77 – 79 – 80 – 

30 CJO 85 86 86 87 87 88 75 76 76 77 77 78 

31 DF 87 – 88 – 89 – – – – – – – 
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31 CJO 86 87 87 88 86 87 – – – – – – 

32 DF 88 – 88 – 87 – – – – – – – 

32 CJO 87 88 86 87 85 86 – – – – – – 

33 DF 89 – 89 – 86 – – – – – – – 

 

3.2 Exhaust Emissions 

Figure 7 indicates that the smoke intensity 

increased from no load to full load in both versions 

of the engine. Over the first part of the load range the 

smoke level remained more or less constant because 

excess air was always present; in the higher load 

range, however, there was an abrupt rise in smoke 

levels owing to the reduced availability of oxygen, 

which lowered the air–fuel ratio and led to 

incomplete combustion and hence to greater soot 

density. The variation of smoke level with brake 

power exhibited the characteristic U-shaped 

behaviour associated with the predominance of 

hydrocarbons in the exhaust composition at light 

loads and of carbon at high loads. A drastic increase 

in smoke levels was observed at peak-load operation 

in the CE under the different operating conditions of 

the CJO relative to pure diesel operation on the CE. 

This is attributable to the higher carbon-to-hydrogen 

(C/H) ratio of CJO (0.83) compared with that of pure 

diesel (0.45), where C and H denote the numbers of 

carbon and hydrogen atoms in the fuel composition, 

respectively. The increase in smoke levels was also 

due to the decreased air–fuel ratio and reduced VE 

observed with CJO relative to pure diesel operation. 

Moreover, because smoke levels are related to the 

density of the fuel, and the vegetable oil has a higher 

density than diesel fuel, smoke levels are inherently 

higher with the vegetable oil. 

 

 
Figure 7: Variation of smoke intensity (Hartridge Smoke Unit, HSU) with BMEP in both versions of the engine 

at the recommended and optimum injection timings 

 

The SLT engine, however, marginally 

reduced smoke levels relative to the CE under the 

different operating conditions of the CJO, owing to 

more efficient combustion and to the smaller quantity 

of fuel accumulating on the hot combustion-chamber 

walls of the ASLT engine. Fuel density also 

influences the injection system: decreasing the fuel 

density tends to increase spray dispersion and spray 

penetration. Preheating the CJO reduced smoke 

levels in both versions of the engine relative to the 

vegetable oil at normal temperature. This reduction is 

attributable to (i) the lower density of the preheated 

vegetable oil, smoke levels being directly 

proportional to density; (ii) the reduced proportion of 

diffusion combustion in the CE operating on the 

preheated vegetable oil; and (iii) the lower viscosity 

of the preheated oil, with which the fuel spray no 

longer impinges on the cooler combustion-chamber 

walls but is instead directed into the combustion 

chamber. 
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Table 5 shows that smoke levels decreased 

with advancing injection timing and with increasing 

injection pressure in both versions of the engine 

across the different operating conditions of the 

vegetable oil. This trend reflects the improved fuel-

spray characteristics at higher injection pressures and 

the increased air entrainment at advanced injection 

timings, both of which produce lower smoke levels. 

 

Table 5: Data of smoke intensity (Hartridge Smoke Unit) at peak-load operation 

Injection 

Timing 

(° 

bTDC) 

Test 

Fuel 

Smoke Intensity (HSU) 

Conventional Engine SLT Engine 

Injection Pressure (bar) Injection Pressure (bar) 

190 190 230 230 270 270 190 190 230 230 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT 

27 DF 48 – 38 – 34 – 55 – 50 – 45 – 

27 CJO 65 60 60 55 55 50 53 45 45 40 40 35 

29 DF 40 – 36 – 34 –       

29 CJO 60 55 55 50 50 45 47 40 40 35 35 30 

30 DF 36 – 34 – 32 – 45 – 42 – 41 – 

30 CJO 55 50 50 45 45 40 57 50 50 45 45 40 

31 DF 33 – 32 – 30 – 43 – 41 – 40 – 

31 CJO 50 45 45 40 50 45 – – – – – – 

32 DF 32 – 31 – 32 – – – – – – – 

32 CJO 45 40 50 45 55 50 – – – – – – 

33 DF 30 – 30 – 35 – – – – – – – 

As can be observed from Figure 8, NOx levels at peak load were lower in the CE but higher in the ASLT engine 

under the different operating conditions of the vegetable oil, relative to diesel operation. 

 

 
Figure 8: Variation of NOx levels with BMEP in both versions of the engine at the recommended and optimum 

injection timings 

 

The lower NOx levels in the CE resulted 

from the reduced heat-release rate associated with the 

prolonged combustion duration of the vegetable oil, 

which lowered the gas temperatures. Conversely, the 

faster combustion and improved heat-release rates in 

the ASLT engine increased the combustion 

temperatures and thereby produced higher NOx 

levels. As expected, preheating the vegetable oil 

decreased NOx levels in the CE and likewise reduced 

them in the SLT engine relative to the vegetable oil 

at normal temperature. In the CE this was due to the 

improved air–fuel ratios and decreased combustion 
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temperatures, whereas in the ASLT engine it was due 

to the reduction in combustion temperatures together 

with the improved air–fuel ratios. 

From Table 6 it can be observed that NOx 

levels increased with advancing injection timing in 

the CE under the different operating conditions of the 

vegetable oil. Advancing the injection timing 

lengthened the residence time and increased the 

availability of oxygen during vegetable-oil operation, 

which produced higher NOx levels in the CE. With 

increasing injection pressure, the fuel droplets 

penetrate farther and encounter their oxygen 

counterpart more readily, and the greater turbulence 

of the fuel spray spreads the droplets more widely, 

marginally decreasing the gas temperatures and 

hence the NOx levels, since the availability of oxygen 

and the increase of gas temperatures are the two 

factors responsible for the formation of NOx. 

 

Table 6: Data of NOx levels at peak-load operation 

Injection 

Timing 

(° 

bTDC) 

Test 

Fuel 

NOx Levels (ppm) 

Conventional Engine SLT Engine 

Injection Pressure (bar) Injection Pressure (bar) 

190 190 230 230 270 270 190 190 230 230 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT 

27 DF 850 – 810 – 770 – 1300 – 1280 – 1260 – 

27 CJO 675 625 625 575 575 525 1080 1030 1030 980 980 930 

29 DF 900 – 860 – 820 –       

29 CJO 775 725 725 675 675 625 980 930 930 880 880 830 

30 DF 935 – 900 – 860 – 1225 – 1205 – 1185 – 

30 CJO 875 825 825 775 775 725 1030 980 980 930 930 880 

31 DF 1020 – 980 – 940 – 1150 – 1130 – 1110 – 

31 CJO 975 925 925 875 875 825 – – – – – – 

32 DF 1105 – 1060 – 1020 – – – – – – – 

32 CJO 1075 1025 1025 975 975 925 – – – – – – 

33 DF 1190 – 1150 – 1110 – – – – – – – 

 

Nevertheless, a marginal decrease in NOx 

levels was observed in the ASLT engine with 

advancing injection timing and increasing injection 

pressure. This decrease reflects the lower combustion 

temperatures in the ASLT engine, as evidenced by its 

increased thermal efficiency: a greater proportion of 

the sensible energy of the gases is converted into 

actual work in the ASLT engine. 

 

3.3 Combustion Characteristics 

As indicated in Table 7, at the recommended 

injection timing and pressure the peak pressures were 

lower in the CE but higher in the ASLT engine 

relative to pure diesel operation on the CE. This 

behaviour is explained by the increased ignition delay 

of the vegetable oil, which requires a longer 

combustion duration: in the CE the piston has already 

begun its downward motion, thereby increasing the 

cylinder volume, by the time combustion takes place. 

The ASLT engine, in contrast, increased the mass-

burning rate of the fuel in its hot environment and 

thus produced higher peak pressures; the advantage 

of the SLT engine for vegetable-oil operation is 

evident in its ability to burn low-cetane, highly 

viscous fuels. Peak pressures increased with 

increasing injection pressure and with advancing 

injection timing in both versions of the engine under 

vegetable-oil operation. Higher injection pressures 

produce smaller fuel particles with a lower surface-

to-volume ratio, giving rise to higher PP. As the 

injection timing in the CE was advanced towards its 

optimum value, a greater quantity of fuel 

accumulated in the combustion chamber because the 

prolonged ignition delay meant that the fuel spray 

encountered air at lower pressure and temperature; 

when this fuel–air mixture burned, the greater fuel 

mass produced higher combustion temperatures and 

pressures. In the ASLT engine, the increase in peak 

pressure with advancing timing towards the optimum 

value reflects the more effective utilization of the 

charge. The value of TOPP decreased with advancing 

injection timing and with increasing injection 

pressure in both versions of the engine under the 

different operating conditions of the vegetable oil, 

and TOPP was higher in the CE under the various 

vegetable-oil operating conditions than under pure 

diesel operation, consistent with the longer ignition 

delay of the vegetable oil. The observation of lower 

peak pressures together with higher TOPP values 

once again establishes that the CE operating on 

vegetable oil suffered a deterioration in performance 

relative to pure diesel operation. Preheating the 

vegetable oil yielded lower TOPP values than the oil 

at normal temperature, and the accompanying 
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combination of lower TOPP and higher PP confirms 

that the performance of both versions of the engine 

improved with the preheated vegetable oil relative to 

the oil at normal temperature. The observed trend of 

increasing MRPR and decreasing TOMRPR 

indicates better and faster energy substitution and 

utilization by the vegetable oil, which could replace 

100% of the diesel fuel; because these combustion 

characteristics remained within permissible limits, 

the vegetable oil can be effectively substituted for 

diesel fuel. 

 

Table 7: Data of PP, MRPR, TOPP, and TOMRPR at peak-load operation 
Injection 

Timing 

(° 

bTDC) / 

Test 

Fuel 

Engine 

Version 

PP (bar) MRPR (bar/deg) TOPP (deg) TOMRPR (deg) 

Injection Pressure (bar) Injection Pressure (bar) Injection Pressure (bar) Injection Pressure (bar) 

190 190 270 270 190 190 270 270 190 190 270 270 190 190 270 270 

NT PT NT PT NT PT NT PT NT PT NT PT NT PT NT PT 

27/Diesel CE 50.4 – 53.5 – 3.1 – 3.4 – 9 – 8 – 0 0 0 0 

27/Diesel LHR 48.1 – 53 – 2.9 – 3.1 – 10 – 9 – 0 0 0 0 

27/CJO CE 46.5 47.9 48.1 49.4 2.1 2.2 2.9 2.8 12 11 12 10 1 1 1 1 

27/CJO LHR 56.6 58.7 61.1 62.8 3.2 3.3 3.4 3.4 11 10 10 9 1 1 1 1 

29/CJO LHR 59.15 60.8 63.1 64.2 3.3 3.4 3.5 3.5 10 9 9 9 0 0 0 0 

32/CJO CE 50.4 51.7   3 3.1   11 10   0 0   

 

IV. CONCLUSIONS 
The following conclusions were drawn from the 

experimental investigation: 

1. At the recommended injection timing of 27° 

bTDC, CJO operation deteriorated the 

performance of the CE, whereas the ASLT 

engine showed improved performance, relative 

to pure diesel operation on the CE. 

2. Preheating the vegetable oil improved 

performance relative to the vegetable oil at 

normal temperature in both versions of the 

engine. 

3. Performance improved with advancing 

injection timing and with increasing injection 

pressure under CJO operation in both versions of 

the engine; the optimum injection timing was 32° 

bTDC for the CE and 29° bTDC for the SLT 

engine at an injection pressure of 190 bar. 

4. At the recommended injection timing and 

pressure, CJO operation in the CE increased 

smoke levels and decreased NOx levels, whereas 

the SLT engine decreased smoke levels and 

increased NOx levels, relative to pure diesel 

operation on the CE. 

5. Preheating the crude vegetable oil slightly 

decreased both smoke and NOx levels in both 

versions of the engine. 

6. With advancing injection timing, the CE under 

CJO operation exhibited decreased smoke levels 

and increased NOx levels, whereas the ASLT 

engine exhibited decreases in both smoke and 

NOx levels. 

7. Increasing the injection pressure reduced both 

smoke and NOx levels in both versions of the 

engine. 

8. Lower peak pressures and higher TOPP values 

were observed with CJO at normal temperature 

in the CE, whereas the ASLT engine under CJO 

operation produced higher PP and lower TOPP 

than the CE; preheating increased PP and 

decreased TOPP relative to normal-temperature 

CJO operation in both versions of the engine. 

9. Lower peak pressures and lower peak gas 

temperatures were observed in the CE, whereas 

higher peak pressures and higher gas 

temperatures were recorded in the ASLT engine 

under CJO operation at the recommended 

injection timing and pressure. 
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