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Abstract - The performance and emission characteristics of 
compression ignition (CI) engines are critically influenced by 
fuel properties, among which fuel temperature plays a 
significant role. This research explores the potential of 
preheating diesel fuel using recovered engine exhaust heat as 
a passive strategy to enhance engine efficiency and reduce 
harmful emissions. A custom-designed heat exchanger system 
was integrated into the fuel supply line to elevate the 
temperature of diesel without external energy input. The 
effects of varying fuel temperatures (30°C, 40°C, and 60°C) and 
compression ratios (15, 17.5, and 18) were systematically 
studied under different engine load conditions. Experimental 
results indicate that engine performance significantly 
improves with moderate preheating. The optimal performance 
was observed at 40°C fuel temperature and a compression 
ratio of 17.5, where brake power (1.81 kW), indicated power 
(4.41 kW), and thermal efficiency (30.02%) were maximized. 
Conversely, the lowest emissions of NO and CO were recorded 
at a higher temperature of 60°C and compression ratio of 18, 
indicating more complete combustion. These findings 
highlight a trade-off between performance and emission 
reduction, suggesting that the selection of operating 
parameters must be aligned with specific performance or 
environmental objectives. Overall, the study demonstrates that 
exhaust-driven diesel preheating is a viable, energy-efficient 
method for improving combustion quality, fuel economy, and 
emission characteristics in conventional diesel engines. 

Key Words:  Diesel Engine, Fuel preheating, Performance 
testing, Knocking, Pollution. 

1.INTRODUCTION  

Internal combustion (IC) engines, particularly diesel engines, 
continue to dominate the fields of transportation, 
agriculture, and power generation due to their robustness, 
high thermal efficiency, and fuel economy. Diesel engines 
operate on the principle of compression ignition, where the 
fuel is injected into highly compressed air in the combustion 
chamber, leading to spontaneous ignition. While diesel 
engines are widely used and well-understood, the growing 
emphasis on reducing fuel consumption, enhancing engine 
efficiency, and complying with increasingly stringent 
emission norms has renewed interest in optimizing engine 

operation through both mechanical and thermal 
interventions. 

One of the critical factors affecting diesel engine 
performance is ignition delay, which is defined as the time 
interval between the start of fuel injection and the onset of 
combustion. A prolonged ignition delay can lead to 
uncontrolled combustion and higher peak pressures, causing 
knocking, increased mechanical stress, and emission of 
unburned hydrocarbons and nitrogen oxides (NOₓ). Several 
factors influence the ignition delay, including fuel properties 
(such as viscosity, volatility, and cetane number), intake air 
conditions, engine temperature, and injection parameters. 
Among these, fuel temperature is a significant yet relatively 
underexplored variable that directly affects fuel atomization, 
spray penetration, and mixing with air. 

Diesel fuel, by its nature, has high viscosity and moderate 
volatility. At ambient temperatures, particularly in colder 
climates, these characteristics hinder proper atomization 
during injection, leading to poor air-fuel mixing, incomplete 
combustion, and reduced engine efficiency. Preheating diesel 
fuel can significantly alter its physical properties—lowering 
viscosity and increasing vaporization rate—which facilitates 
better atomization and more uniform mixing in the 
combustion chamber. These improvements potentially result 
in reduced ignition delay, more stable combustion, lower 
fuel consumption, and reduced emissions. 

Recent studies have shown that moderate preheating of 
diesel (typically in the range of 40°C to 100°C) can lead to 
measurable improvements in combustion quality and engine 
performance. However, the degree of improvement is often 
context-specific and depends on engine type, fuel 
composition, heating method, and operating conditions. 
Additionally, excessive preheating can reduce fuel density 
and calorific value, which may adversely affect engine power 
output and thermal efficiency. Therefore, an optimal 
preheating temperature range must be determined 
experimentally for each engine configuration. 

In this regard, utilizing waste heat from the engine exhaust 
to preheat the fuel presents an attractive solution, combining 
performance enhancement with energy recovery. By 
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channeling a portion of the exhaust heat through a heat 
exchanger integrated into the fuel supply line, it is possible 
to elevate the temperature of the incoming diesel without 
requiring external energy input. This method aligns with 
sustainable engineering practices, as it reduces energy losses 
and enhances the overall thermal efficiency of the system. 

Despite the potential benefits, there remains a research gap 
in systematically studying the combined effects of controlled 
diesel preheating on engine performance under varying load 
conditions using an exhaust heat-based system. Many 
existing works have either focused on biodiesel blends or 
electric heating systems, with limited data available on 
passive, exhaust-driven preheating in conventional diesel 
engines. 

The primary objective of this study is to design, implement, 
and evaluate a diesel fuel preheating system that uses engine 
exhaust heat for temperature elevation. The system will be 
integrated into a standard CI engine test rig. The 
experimental work will involve performance testing of the 
engine at different levels of fuel preheating and load 
conditions. Key parameters such as brake thermal efficiency 
(BTE), specific fuel consumption (SFC), exhaust gas 
temperature (EGT), and ignition delay will be measured and 
compared with baseline (unheated fuel) performance. 

The outcome of this research is expected to provide valuable 
insights into the role of diesel preheating in improving IC 
engine performance and fuel economy, and to establish 
optimal operating conditions for practical application in real-
world systems. 

2. METHODOLOGY 

In the current research CI engine is used for testing. Figure 2 
shows Experimental set up. Procedure for the 
experimentation is given below- 

1) Ensure that all the nut bolts of engine, dynamometer, 
propeller shaft, base frame are   properly tightened. 

2) Ensure that sufficient lubrication oil is present in the 
engine sump tank. This can be checked by marking on the 
level stick. 

3) Ensure sufficient fuel in fuel tank. Remove air in fuel line, 
if any. 

4) connect the heater to power supply though temperature 
indicator, keep the heater in fuel tank, keep measuring 
probe of temperature indicator in fuel tank, switch ON 
power supply. Wait until required temperature is reached.    

5) Switch on electric supply and ensure that PPU (Piezo 
powering unit), DLU (Dynamometer loading unit), Load 
indicator and Voltmeter are switched on. 

6)  Start Computer and open "Engine Soft LV" (Double click 
"Engine Soft LV" icon on the desktop) Select "Engine 
Model" open "Configuration" in View. Check configure 
ration values & system constants with the values 

displayed on engine setup panel. "Apply" the changes, if 
any. Click on "PO- PV Figures" tab. 

7) Start water pump. Adjust the flow rate of "Rotameter 
(Engine)" to 250-350 LPH and "Rotameter (Calorimeter)" 
to 75-100 LPH by manipulating respective globe valves 
provided at the rotameter inlet. Ensure that water is 
flowing through dynamometer at a pressure of 0.5 to 1 
Kg/cm2. 

8) Keep the DLU knob at minimum position. 
9) Change the Fuel cock position from "Measuring" to 

"Tank" 
10) Start the engine by hand cranking and allow it to run at 

idling condition for 4-5 minutes. 
11) Click on "Scan Start" on the monitor.  
12) Wait till computer indicate that readings are noted. 
13) Click on “Generate Report” button and save report files. 
14) After report generating, achieve next temperature of fuel 

and take reading. 

 

Figure 1 Experimental Test Set Up 

       

     Figure 2 Cartridge Heater with temperature 
controller 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                 Volume: 12 Issue: 06 | Jun 2025                  www.irjet.net                                                                     p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 1083 
 

Table 1.   Engine Specifications 

Particulars Specifications 

Product 
VCR Engine test setup 1 cylinder, 4 stroke, 
Diesel (Computerized) 

Engine 

Make Kirloskar, Type 1 cylinder, 4 stroke 
Diesel, water cooled, power 3.5 kw at 1500 
rpm, stroke 110 mm, bore 87.5 mm.661 cc, 
CR range 12 to 18 

Dynamometer 
Type eddy current, water cooled, with 
loading unit 

Propeller Shafts With universal joints 

Fuel Tank 
Capacity 15 lit with glass fuel metering 
column 

Calorimeter & 
Pump 

Pipe in pipe, Mono-block Pump 

Crank angle 
sensor 

Resolution 1 Deg, Speed 5500 RPM with 
TDC pulse 

Temperature 
sensor 

Type RTD, PT100 and Thermocouple, Type 
K 

Load indicator Digital, Range 0-50 Kg, Supply 230VAC 

Load sensor Load cell, type strain gauge, range 0-50 Kg 

Rota meter 
Engine cooling 40-400 LPH; Calorimeter 
25-250 LPH 

Overall 
dimensions 

W 2000 x D 2500 x H 1500 mm 

 

3. RESULT AND DISCUSSION 

This section presents the experimental findings on the 
impact of diesel fuel preheating—achieved via exhaust heat 
recovery—on the performance and emissions of a single-
cylinder CI engine. Tests were conducted at three preheating 
temperatures (30°C, 40°C, and 60°C) and three compression 
ratios (15, 17.5, and 18), under varying load conditions. 

Key performance metrics including brake power (BP), 
indicated power (IP), brake thermal efficiency (BTE), and 
specific fuel consumption (SFC) were evaluated, along with 
emissions such as NO, NO₂, CO, CO₂, and O₂. Results show 
that preheating at 40°C and a compression ratio of 17.5 
yields the highest thermal efficiency and power output. In 
contrast, lower emissions were achieved at 60°C and 
compression ratio 18, highlighting a performance-emission 
trade-off. The following discussion analyzes these outcomes 
in detail, offering insights into optimal engine operation with 
preheated diesel fuel. 

 
Figure 3 Load Vs. Thermal Efficiency at Various 

Temperatures (o C) 
 

The graph in Figure 3 illustrates the variation of thermal 
efficiency (%) with respect to load (Kg) at different water 
inlet temperatures (30°C to 60°C). As observed, the thermal 
efficiency increases with increasing load up to 12.1 Kg for all 
temperatures, indicating improved energy utilization at 
higher operational loads. 
 
Among the temperatures studied, the highest efficiency 
(\~31%) is achieved at 55°C and 60°C at the highest load, 
suggesting that moderately higher temperatures enhance 
combustion efficiency and overall engine performance. 
Notably, at 45°C, the thermal efficiency peaks at the 9.1 Kg 
load point and drops at 12.1 Kg, possibly due to early onset of 
thermal losses or incomplete combustion at higher loads. 
 
At lower temperatures such as 30°C and 35°C, the efficiency 
consistently rises with load but remains comparatively lower 
than that of higher temperatures. This trend implies that 
preheating (up to an optimal point) contributes positively by 
improving vaporization and mixing of fuel, thereby 
enhancing combustion. 
 
In conclusion, the graph indicates that thermal efficiency 
improves with both load and inlet water temperature up to a 
threshold, beyond which further temperature rise may not 
yield proportional gains. Therefore, an optimal temperature 
around 55°C to 60°C appears ideal for maximum thermal 
efficiency at full load. 
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Figure 4 Load Vs. Brake Power (BP) at Various 
Temperatures (o C) 

The graph in Figure 4 shows the relationship between Load 
(Kg) and Brake Power (BP) in kW at different water inlet 
temperatures ranging from 30°C to 60°C. As expected, brake 
power increases linearly with increasing load across all 
temperature settings. This is because brake power is directly 
proportional to the load applied on the engine—greater load 
demands more torque, leading to higher power output. 

Interestingly, the influence of temperature on brake power is 
minimal or negligible, as all curves corresponding to 
different temperatures are nearly overlapping. This indicates 
that water inlet temperature has little to no direct effect on 
the brake power output of the engine under the test 
conditions. The slight variations visible are statistically 
insignificant and may be attributed to experimental 
fluctuations or measurement tolerances. 

In summary, brake power is dominantly a function of load, 
and within the studied temperature range (30°C to 60°C), 
temperature has no substantial impact on BP. This 
consistent trend highlights that while temperature affects 
combustion characteristics and efficiency (as seen in Figure 
5.1), it does not significantly alter the mechanical power 
output (BP) at given loads. 

 

Figure 5 Load Vs. Indicated Power (IP) at Various 
Temperatures (o C) 

The graph in Figure 5 presents the variation of Indicated 
Power (IP) with respect to Load (Kg) at different water inlet 
temperatures ranging from 30°C to 60°C. As expected, 
indicated power increases with the applied load for all 
temperatures. This is due to the greater amount of fuel 
combusted at higher loads, which generates more pressure 
inside the cylinder, thereby increasing the indicated power. 
At lower loads (3.1 Kg), the indicated power values are 
closer across all temperatures. However, as the load 
increases, the variation in IP with respect to temperature 
becomes more noticeable. For example, at 12.1 Kg, 35°C 
exhibits the highest indicated power (~5.0 kW), while 30°C 
and 45°C also show slightly higher values compared to 60°C 
and 50°C. 

The data suggests that moderate temperatures (around 30°C 
to 40°C) tend to produce slightly better indicated power than 
either very low or high temperatures. This could be due to 
optimal combustion characteristics and reduced heat losses 
at moderate temperatures. At higher temperatures (e.g., 
60°C), although fuel vaporization might be better, there 
could be increased heat losses to the coolant, slightly 
reducing the cylinder pressure and hence the indicated 
power. 

In summary, indicated power increases with load, and 
moderate inlet temperatures seem to favor improved IP 
compared to extreme low or high temperatures. This 
reinforces the idea that there exists an optimal temperature 
band for achieving the best engine performance in terms of 
power generation inside the cylinder. 

 

Figure 6 Load Vs. Thermal Efficiency at Various 
Temperatures (o C) at compression ratio17.5 

The graph in Figure 6 illustrates the variation of Thermal 
Efficiency (%) with Load (Kg) for different water inlet 
temperatures (30°C to 60°C) at a fixed compression ratio of 
17.5. As evident, thermal efficiency increases significantly 
with increasing load for all temperature values, a trend 
consistent with improved combustion and reduced relative 
heat losses at higher engine loads. 
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Compared to earlier figures (such as Figure 5.1 at lower 
compression ratio), the thermal efficiency values in this 
graph are higher at each load level, confirming that higher 
compression ratios improve thermal efficiency due to better 
fuel-air mixture combustion and higher pressure rise in the 
cylinder. 

Among the temperatures tested, 50°C and 55°C yield the 
highest thermal efficiency (~33–34%) at the maximum load 
(12.1 Kg), indicating that this temperature range is most 
favorable for combustion under high compression. 
Meanwhile, at part loads, temperatures around 50°C to 60°C 
consistently perform better than lower temperatures. 

At the lowest load (3.1 Kg), the efficiency values are 
clustered between 14% and 17%, with minor variations 
between temperatures. However, as the load increases, the 
performance gap widens, highlighting that thermal benefits 
of optimal inlet temperature are more prominent at higher 
loads. 

In conclusion, thermal efficiency improves with both load 
and optimized inlet water temperature, and this effect is 
further enhanced at a higher compression ratio of 17.5. The 
results underscore that operating the engine with inlet 
temperatures around 50–55°C under high compression 
conditions provides the best thermal efficiency, making this 
configuration ideal for energy-efficient performance. 

 

Figure 7 Load Vs. BP at Various Temperatures (o C) at 
compression ratio17.5 

The graph in Figure 7 illustrates the variation of Brake 
Power (BP) with respect to Load (Kg) at different water inlet 
temperatures (30°C to 60°C) under a compression ratio of 
17.5. As observed, the brake power increases almost linearly 
with increasing load for all temperature settings. This trend 
is expected, as brake power is a direct function of load and 
engine torque. 

Interestingly, the influence of water inlet temperature on 
brake power remains negligible across the load range. The 
data lines for all temperatures are nearly overlapping, 

confirming that brake power is primarily governed by 
mechanical load and less sensitive to water inlet 
temperature, even at higher compression ratios. 

Although the compression ratio has been increased from 
earlier figures (e.g., from standard to 17.5), it does not 
significantly alter the brake power trend across 
temperatures. This indicates that while a higher 
compression ratio may improve combustion efficiency and 
indicated power, it does not directly impact brake power 
unless accompanied by changes in fuel properties, ignition 
timing, or engine tuning. 

In summary, brake power increases linearly with load, and 
remains largely unaffected by variations in water inlet 
temperature, even at a high compression ratio of 17.5. This 
further reinforces the mechanical nature of BP as a function 
of torque and load rather than temperature-based 
combustion dynamics. 

 

Figure 8 Load Vs. IP at Various Temperatures (o C) at 
compression ratio17.5 

The graph in Figure 8 displays the variation of Indicated 
Power (IP) with respect to Load (Kg) for various water inlet 
temperatures (30°C to 60°C) at a compression ratio of 17.5. 
The overall trend shows that indicated power increases with 
increasing load for all temperature settings, as more fuel is 
combusted to meet the higher load demand, resulting in 
greater cylinder pressure and, consequently, higher IP. 

At the lowest load (3.1 Kg), IP values range from 
approximately 2.7 kW (for 50°C) to 3.5 kW (for 40°C), 
indicating a noticeable variation in performance based on 
temperature. Interestingly, the 40°C temperature 
consistently delivers higher IP across all loads, peaking near 
5.0 kW at 12.1 Kg, which is the highest among all tested 
temperatures. 

This suggests that 40°C may be the most thermodynamically 
favorable inlet temperature under a high compression ratio, 
possibly due to optimal combustion pressure and minimal 
heat losses. On the other hand, lower (30°C) and higher (50–
60°C) temperatures yield slightly lower IP values, indicating 
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that extremes in inlet temperature may not sustain the most 
efficient in-cylinder combustion, even at high compression. 

Moreover, the increase in IP with load is generally nonlinear, 
especially for lower temperatures, where the rise in IP is 
more gradual, indicating that combustion quality may vary 
more with temperature than with load. 

In conclusion, indicated power improves with load, and 
moderate inlet temperatures, particularly around 40°C, yield 
the best performance under a compression ratio of 17.5. This 
highlights the importance of inlet temperature optimization 
in maximizing engine performance through efficient in-
cylinder pressure generation. 

 

Figure 9  Load Vs. Thermal Efficiency at Various 
Temperatures (o C) at compression ratio18 

The graph in Figure 9  shows the relationship between 
Thermal Efficiency (%) and Load (Kg) at various water inlet 
temperatures (30°C to 60°C) under a compression ratio of 
18. As in earlier figures, thermal efficiency increases with 
load across all temperatures, due to enhanced combustion 
and reduced relative heat losses at higher load conditions. 

Compared to previous graphs with lower compression ratios 
(e.g., Figures 5.1 and 5.4), the thermal efficiency here reaches 
its highest values, peaking around 33% at 12.1 Kg load, 
especially for 40°C and 55°C. This highlights that increasing 
the compression ratio from 17.5 to 18 leads to a tangible 
improvement in thermal performance, consistent with 
thermodynamic principles—higher compression ratios 
enable better fuel-air mixing, higher pressure and 
temperature during combustion, and lower unburnt fuel 
losses. 

At lower loads (3.1 Kg), the variation in thermal efficiency 
across temperatures is more distinct, ranging from ~14% (at 
30°C) to ~17% (at 55°C). However, the differences become 
marginal at higher loads, where all temperature curves 
converge toward the 31–33% range. 

Notably, 40°C and 55°C inlet temperatures demonstrate 
slightly better thermal efficiency across most loads, 

suggesting that these are near-optimal for achieving 
maximum combustion effectiveness at this high compression 
setting. Conversely, very low (30°C) and very high (60°C) 
temperatures perform marginally lower, possibly due to 
incomplete vaporization or increased heat losses 
respectively. 

 

Figure 10 Load Vs. BP at Various Temperatures (o C) at 
compression ratio18 

Figure 10  shows that Brake Power (BP) increases with load 
for all water inlet temperatures (30°C to 60°C) at a 
compression ratio of 18. The highest BP (~4.8–5.0 kW) is 
achieved at 45°C, indicating better combustion efficiency at 
this temperature. While variations exist, especially at higher 
loads, the impact of temperature is less pronounced 
compared to load. Overall, load has a dominant effect, and 
moderate temperatures (35°C–45°C) yield slightly better 
performance at this high compression ratio. 

 

Figure 11 Load Vs IP at Various Temperatures (o C) at 
compression ratio18 

Figure 11  shows that Indicated Power (IP) increases 
steadily with load at a compression ratio of 18 for all inlet 
temperatures (30°C–60°C). Among all, 45°C delivers the 
highest IP at each load point, peaking near 4.9 kW at 12.1 Kg. 
This indicates that 45°C is the most favorable temperature 
for efficient combustion at high compression. Overall, load 
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has a dominant effect, while temperature fine-tunes IP, with 
moderate values (35–45°C) yielding the best results. 

 

Figure 12  Temperature Vs Thermal Efficiency At 
Various Compression Ratio (C.R.) 

Figure 12 shows that Indicated Power (IP) increases steadily 
with load at a compression ratio of 18 for all inlet 
temperatures (30°C–60°C). Among all, 45°C delivers the 
highest IP at each load point, peaking near 4.9 kW at 12.1 Kg. 
This indicates that 45°C is the most favourable temperature 
for efficient combustion at high compression. Overall, load 
has a dominant effect, while temperature fine-tunes IP, with 
moderate values (35–45°C) yielding the best results. 

 

Figure 13 Temperature Vs. BP at Various Compression 
Ratio (C.R.) 

Figure 13 shows that Indicated Power (IP) increases steadily 
with load at a compression ratio of 18 for all inlet 
temperatures (30°C–60°C). Among all, 45°C delivers the 
highest IP at each load point, peaking near 4.9 kW at 12.1 Kg. 
This indicates that 45°C is the most favorable temperature 
for efficient combustion at high compression. Overall, load 
has a dominant effect, while temperature fine-tunes IP, with 
moderate values (35–45°C) yielding the best results. 

 

Figure 14 Temperature Vs IP at Various Compression 
Ratio (C.R.) 

Figure 14 illustrates the variation of Indicated Power (IP) 
with temperature at different compression ratios (C.R. 15, 
17.5, and 18). From the graph, it is observed that the engine 
with a compression ratio of 17.5 delivers the highest 
indicated power compared to the other two ratios across the 
temperature range. The IP for C.R. 17.5 peaks around 4.4 kW 
at 40°C, indicating optimal performance at this temperature. 
In contrast, the compression ratio of 15 shows relatively 
stable but lower IP values, ranging between 3.4 to 3.7 kW, 
suggesting consistent performance with less sensitivity to 
temperature changes. On the other hand, the engine with a 
compression ratio of 18 exhibits the lowest indicated power 
output among the three, which may be attributed to 
increased thermal losses or knocking at higher compression. 
Overall, the data suggest that a compression ratio of 17.5 
provides the best balance between efficiency and power 
output within the tested temperature range. 

 

Figure 15 Compression Ratios Vs. Thermal Efficiency 
at Constant Temperature   60oC 

Figure 15 shows the relationship between compression 
ratios and thermal efficiency at a constant temperature of 
60°C. The graph indicates that thermal efficiency increases 
with compression ratio up to a certain point and then 
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decreases. The highest thermal efficiency, approximately 
24.9%, is achieved at a compression ratio of 17.5. At a lower 
compression ratio of 15, the thermal efficiency is around 
23.8%, while at a higher compression ratio of 18, it drops 
further to approximately 23.6%. This suggests that while 
increasing the compression ratio initially enhances thermal 
efficiency, further increase beyond an optimal value (in this 
case, 17.5) may lead to a decline in efficiency due to factors 
such as increased heat losses or engine knocking. Hence, a 
compression ratio of 17.5 appears to be the most effective 
for achieving maximum thermal efficiency under the given 
conditions. 

 

Figure 16 Compression Ratio Vs. BP, at Constant 
Temperature 60oC 

Figure 16 shows the variation of Brake Power (BP) with 
compression ratio at 60°C. The highest BP of about 1.8 kW is 
observed at a compression ratio of 15. It drops to around 
1.73 kW at 17.5, then slightly increases to 1.77 kW at 18. 
This indicates that BP is highest at lower compression and 
slightly recovers at higher ratios, with C.R. 15 giving the best 
performance under these conditions. 

 

Figure 17 Compression Ratio Vs. IP at Constant 
Temperature 60oC 

Figure 17 illustrates the variation of Indicated Power (IP) 
with compression ratio at a constant temperature of 60°C. 

The IP increases from about 3.5 kW at a compression ratio of 
15 to a peak of 3.85 kW at 17.5, then drops to around 3.3 kW 
at 18. This indicates that the engine performs best at a 
compression ratio of 17.5, with reduced power at both lower 
and higher ratios. 

4. CONCLUSION 

From the present research work, the following conclusions 
can be drawn regarding engine performance and exhaust 
emissions under varying temperatures and compression 
ratios: 

a. Engine Performance 

The experimental study reveals that engine performance is 
strongly affected by temperature and compression ratio. At a 
constant load of 6.1 kg, the engine achieved its best overall 
performance at a temperature of 40°C and a compression 
ratio of 17.5, where the thermal efficiency peaked at 30.02%, 
brake power (BP) reached 1.81 kW, and indicated power 
(IP) was maximum at 4.41 kW. This indicates that mid-range 
temperature and compression ratio provide the most 
favourable conditions for efficient combustion and power 
output. On the other hand, the lowest thermal efficiency 
(21.29%) was recorded at the same temperature (40°C) but 
with a compression ratio of 15, suggesting poor combustion 
at lower compression. 

At a constant temperature of 60°C, the thermal efficiency 
remained highest at compression ratio 17.5 (24.89%), but 
interestingly, the brake power was highest at a lower 
compression ratio of 15, showing that thermal and 
mechanical efficiencies may not always align. The indicated 
power was also highest at 17.5 (3.83 kW), further supporting 
its optimality. In general, the data shows that compression 
ratio 17.5 offers the best balance between thermal efficiency 
and power output, while both lower (15) and higher (18) 
ratios yield comparatively reduced performance. 

b. Exhaust Emissions 

Regarding emissions, it was observed that exhaust gases 
such as O₂, CO₂, NO, NO₂, and CO vary significantly with 
changes in compression ratio and temperature. Lower 
emissions were generally recorded at higher temperatures 
(60°C) and higher compression ratios (especially 18). For 
instance, NO and CO concentrations were minimum at 60°C 
and C.R. 18, suggesting improved combustion and reduced 
incomplete burning of fuel under these conditions. 

Conversely, the highest levels of pollutants were found at 
lower temperatures (30°C) and lower compression ratios 
(15). For example, NO reached up to 510 ppm and CO up to 
0.14% under full load (12.1 kg) at 30°C and C.R. 15, 
indicating inefficient combustion and higher unburned 
emissions. Therefore, while engine performance is optimized 
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at 40°C and C.R. 17.5, the cleanest exhaust output is achieved 
at 60°C and C.R. 18. 

This study highlights a trade-off between engine 
performance and emission levels. Optimum engine output is 
achieved at 40°C and compression ratio 17.5, while minimal 
emissions occur at 60°C and compression ratio 18. Thus, 
selection of engine operating parameters should be based on 
the intended application—favoring power output or 
environmental compliance accordingly. 
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