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Abstract.  The way to detect the released thermal energy for the operation of the engines loss for the purpose of optimizing 

performance, is through the experimental test and applying the thermal balance to the engine. The objective of this work 

is to perform a thermal balance in an Otto cycle engine involving the energy released due to the gasoline combustion 

process, power extracted from the engine shaft, rejected energy rates for the cooling system, for the exhaust system, for 

the lubrication system and for the environment in the form of heat and incomplete combustion, depending on the variation 

of engine speed and load. The experiment consisted of making measurements on an Otto cycle engine on a bench 

dynamometer varying engine speed and load, which made it possible to collect data to make the engine's thermal balance. 

The results showed that variations in engine speed and load influence the distribution of rates and efficiencies in the 

engine's thermal balance. At full load and in the condition of better thermal performance of the engine, thermal efficiency, 

the efficiency of the cooling, exhaust, lubrication, incomplete combustion and environmental systems were 30%, 12%, 

29%, 5%, 0, 6% and 22%, respectively. Reducing the load causes a reduction in thermal efficiency and an increase in 

other efficiencies. Increasing the speed to the point of better thermal performance of the engine causes an increase in 

thermal efficiency, after which the increase in speed decreases the thermal efficiency and increases the other efficiencies. 

This research is important because it correlates the useful energy in an Otto cycle engine with the actual losses and this 

allows, based on the detected energy losses, an opportunity for a more detailed study to optimize and improve the 

performance of the engine. 

 

Keywords: Otto cycle gasoline engines, thermal balance, thermal efficiency, bench dynamometer measurement, engine 

performance parameters. 

 

1. INTRODUCTION  

 

     The Otto cycle vehicle engine is a thermal machine that operates from the combustion of gasoline and ethanol inside 

the combustion chamber. A considerable part of this released thermal energy is used for the operation of the engine, the 

remaining energy lost to the cooling system, exhaust system, lubrication system, incomplete combustion and the 

environment (convection and radiation). The objective of this work is to perform a thermal balance in an Otto cycle engine 

involving the energy released due to the gasoline combustion process, power extracted from the engine shaft, rejected 

energy rates for the cooling system, for the exhaust system, for the lubrication system and for the environment in the form 

of heat and incomplete combustion depending on the variation of engine speed and load.  

Heywood (2003) describes that the major energy balance terms are the brake power, the cooling heat loss, exhaust 

heat loss, miscellaneous heat loss that can be subdivided into lubricating oil loss, convection and radiation heat losses. A 

substantial part of the exhaust loss (12%) is radiated too the surroundings and the remainder end up in the cooling system. 

A considerable amount of the friction power (around 50%) is dissipated between the piston and piston rings and cylinder 

walls and is lost as heat to the cooling system. The rest of the friction power is dissipated in the bearings, valve mechanism 

or drives, auxiliary devices and is lost as heat to the lubricating oil or surroundings. Colin and Allan (2016) describe that, 

through the application of the energy balance in spark ignition engines, the overall heat loss is the sum of the heat transfer 

to the water, oil, and ambient air minus the friction work. The shaft work term reveals that the engine has a brake thermal 

efficiency of about 30%. About 45% of the energy is rejected in the exhaust, 10 to 15% is dissipated by friction, and 10 

to15% is dissipated with heat loss. The results of an energy balance on a small, spark ignition automobile engine. This 

engine has an internal oil pump, and the heat rejected to the oil is carried away partly by the coolant and partly by the heat 
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lost to ambient air. As the load increases and the intake manifold pressure increases from 0.4 bar to 0.8 bar, the energy 

converted to shaft work increases from about 20 to 30%, the coolant load decreases from about 40 to 30%, the exhaust 

energy varies from about 30 to 35%, and the heat lost to ambient air decreases from about 10 to 5%. The energy dissipated 

by friction decreases from about 14 to 7% for the same loads. The total heat loss from the gas to the coolant and ambient 

air during the cycle is about 28 to 36%. Jerald (2016) describes the energy balance in spark ignition engines of the fuel 

energy as follows: the brake work 26.02%, the friction 5.50%, the indicated work 31.52%, the heat loss 23.70%, the net 

flow out 44.11% and the fuel not used 0.68%. Abedin et al. (2013) carried out a theoretical review on energy balance in 

internal combustion engines operating with alternative fuels alcohols, biodiesel, hydrogen and liquid petroleum gas fuel. 

The basic balance of energy applied in this work was the first law of thermodynamics in a permanent regime and 

encompassed the energy supplied by the fuel, the output power delivered by the engine, the amount of heat rejected for 

the by the cooling water system, lubricating oil system, exhaust system and energy discarded for the environment. The 

review show that the heat loss reduces by a significant amount when the percentage of alcohols in the blend is greater 

than fifteen. The heat losses except the exhaust loss are higher while using biodiesels due to the presence of excessive 

oxygen molecules. The brake power decreases with the increase of cetane number. The cooling water loss is 

comparatively higher than the exhaust heat loss for biodiesels. Hydrogen supplementation with gasoline fuel significantly 

reduces the cooling water loss. Hydrogen addition in compressed natural gas reduces the actual combustion loss, increases 

the incomplete combustion loss, increases the wall heat loss and leaves no effect on the gas exchange loss. The lean 

operation of hydrogen increases the incomplete combustion loss and the complete combustion loss compared to gasoline 

fuel. Liquid petroleum gas burns faster than gasoline. Water addition in liquid petroleum gas has a favorable effect on 

reducing heat losses compared to pure liquid petroleum gas operation. The cooling water loss is very much lower in Low 

heat rejection engines for all alternative fuels compared to any other engines due to the low thermal conductivity of the 

insulations. The brake power increased in the range 1 to 3% at any loading conditions in low heat rejection engines. A 

large portion of the cooling loss is lost in the cylinder block side. 

 Yuksel and Ceviz (2003) investigated the effects of adding hydrogen to gasoline air mixture on thermal balance and 

performance in a four stroke, four-cylinder and spark ignition engine. Thermal balance tests were conducted for engine 

thermal efficiency, heat loss through the exhaust gases, heat loss to the cooling water, lubricating oil loss and radiation 

heat loss, while performance tests were analyzed to the brake power, specific fuel consumption and air ratio. The results 

showed that hydrogen addition to gasoline decreases the heat loss to cooling water, lubricating oil loss and radiation heat 

loss and the heat loss through the exhaust gas is nearly the same with pure gasoline experiments. Using hydrogen 

supplementation leads to a significant reduction in heat loss to cooling water and unaccounted losses by about 36 and 

30% of the mean average values, respectively. Heat loss through the exhaust gases is nearly the same with that of gasoline 

because of the increase in the temperature of the exhaust gases. Hydrogen addition to gasoline results in a little decrease 

in brake power, and air ratio increases by about 13.81%. Additionally, specific fuel consumption decreases, while the 

engine thermal efficiency and the air ratio increase. Kuntesh et al. (2017) investigated the effects of to blend ethanol with 

petrol fuel in the performance of spark ignition engine and improve performance of engine. The analysis of the Ethanol 

on various parameters like input parameter like load, output parameter like specific fuel consumption, brake power, and 

brake thermal efficiency and the experimental energy analysis on spark ignition engine by ethanol-petrol blend was pure 

petrol, petrol with 25% ethanol, petrol with 40% ethanol and pure ethanol. The single cylinder, four-stroke petrol engine 

connected with an electrical load bank was using in this test. The test carried out with variation in engine load from low 

to high load conditions. The results showed the general performance of petrol with 40% ethanol found to be better 

compared to the pure petrol. Ethanol addition reduces the heating value of the petrol ethanol blends, therefore, more fuel 

is needed to obtain same power when blended fuels are used instead of petrol. The mechanical efficiency varying by 10 

to 16%, 9 to 5% and 5 to 3% for petrol with 25% ethanol, petrol with 40% ethanol and pure ethanol, respectively compare 

to pure petrol at varying load condition. When the latent heat of the ethanol is low, as in the case of ethanol, the effect of 

cooling is not sufficient to overcome the effect of vapor. Which results in reducing thermal efficiency. The heat balance 

sheet indicates that some amount of heat wasted by fuel. This heat utilized to increase the brake power and some amount 

of heat is lost in exhaust gas. For lower load to higher load out of total power generated brake power of the engine is same 

for different fuel blend for petrol with 25% ethanol, petrol with 40% ethanol and pure ethanol compare to pure petrol. For 

exhaust gas energy however, it is reducing for lower load to higher load. It reduces 15% to 25% for different blend like 

for petrol with 25% ethanol, petrol with 40% ethanol and pure ethanol compare to pure petrol respectively. For Colling 

water energy, however it increases for lower load to higher load by 10% to 17% for different blend like for petrol with 

25% ethanol, petrol with 40% ethanol and pure ethanol compare to pure petrol. Mehrnoosh et al. (2012) describes, using 

a thermodynamic model simulation for conventional four stroke engine, that good results could be presented when use 

compressed natural gas (CNG) as a fuel for internal combustion engine. The first thermodynamic law was the starting 

point for analyses the study, and the results have shown harmony when compared with experimental data. First, 

temperature and pressure were determined in the compression stroke, and the balance of internal energy was measured 

using the first thermodynamic law. As far as the results was concerned, when engine operates with CNG fuel, the indicated 

specific fuel consumption has been reduced 16% over this speed range. In addition, for the engine speed range has been 

observed a decrease of 33%, 60% and 53% of emissions of CO2, CO and UHC concentration, respectively, while NO 

concentration increased by 50%. (Santana et al., 2019) used a dynamometer to correlate the vibration level of an internal 
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combustion engine due to degradation of the lubricating oil. In another work (Santana et al., 2020) used a dynamometer 

to investigate the effect of fuel and lubricant oil on the vibration level of an internal combustion engine. Cerri et al. (2013) 

used a dynamometer to investigate on high octane number gasoline formulations for internal combustion engines impact 

the performance of spark ignition engine for passenger cars. 

 

2. METHODOLOGY 

 

A passive hydraulic dynamometer was used in order to measure the following parameters of an internal combustion 

engine: engine rotation, engine torque, water flow, oil flow, inlet water temperature, outlet water temperature, inlet oil 

temperature, outlet oil temperature, inlet air temperature, outlet combustion gas mixture temperature, fuel consumption, 

air consumption, fuel air ratio and lambda factor. The engine rotation was measured directly through the engine rotation 

sensor. The engine torque (tb) was measured directly on the dynamometer, which measures the force released by the 

engine during the experiment. The water inlet temperature (twi) was measured at the water pump inlet and the water outlet 

temperature (two) was measured close to the water temperature sensor in cylinder head. The water flow (mwater) was 

measured by a flow meter installed between the engine water outlet and the dynamometer bank cooling system. The inlet 

(toi) and outlet (too) oil temperatures were measured by an oil cooling system installed in the engine oil pump. The oil flow 

(moil) was estimated according to the flow rotation curve provided by the manufacturer of the oil pump. The air 

temperature (tai) was measured at the intake manifold and the combustion gas temperature (tgo) was measured at the 

exhaust manifold. Fuel consumption (mfuel) was measured by the gravimetric method, which directly measures the mass 

of fuel consumed during the experiment. Air consumption (mair) was measured by the speed density method, which uses 

the air temperature, air pressure and engine rotation information to estimate the air flow in the engine during experiment. 

Air fuel ratio (A/F) was calculated as the ratio between the mass of air and the mass of fuel consumed by the engine 

during the test. The lambda factor (λ) was calculated as ration between air fuel ratio (A/F) and stoichiometric air fuel ratio 

(A/F)s . Stoichiometric air fuel ratio depends on the type of fuel used in the engine and its measurement is made by the 

oxygen sensor installed in the exhaust manifold. The data for all measured and calculated parameters were acquired in a 

data acquisition system.  
 

Figure 1 shows the experimental setup scheme during test in present study. 

 

 

Figure 1 - Experimental setup scheme in present study. 

 

The experiment was conducted with gasoline engine and full load according the (ISO 3046, 2002), which is the 

standard specifies the test conditions and methods for declaration of power and fuel consumption in internal combustion 

engines. Data were acquired under the following conditions: water average temperature at around 95°C and oil at 135°C. 

The test was performed at engine rotational speeds between 1500 to 6000 rpm with increments of 500 rpm. At each test 

speed, data was acquired for 2 minutes at a rate of 100Hz.  After stabilization water and oil temperature conditions the 

data engine rotation, engine torque, water flow, oil flow, inlet water temperature, outlet water temperature, inlet oil 

temperature, outlet oil temperature, inlet air temperature, outlet combustion gas temperature, fuel consumption, air 

consumption, fuel air ratio and lambda factor has been acquired and stored acquisition system AVL PUMA software.  
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The first law of thermodynamics applied to the control volume involving the internal combustion engine can be 

represented by: 

 

𝑄𝑓𝑢𝑒𝑙 = 𝑃𝑏𝑠ℎ𝑎𝑓𝑡 + 𝑄𝑤𝑎𝑡𝑒𝑟 + 𝑄𝑒𝑥ℎ𝑎𝑢𝑠𝑡 + 𝑄𝑜𝑖𝑙 + 𝑄𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 + 𝑄𝑖𝑛𝑐𝑐𝑜𝑛𝑏𝑢𝑠𝑡𝑖𝑜𝑛                                                                (1)  

 

where Qfuel is the power supplied to the engine due to fuel burning, Pbshaft is the output power delivered by the engine 

measured in dynamometer, Qwater is the amount of heat discharged to the water cooling system, Qexhaust is the amount of 

heat discharged to the exhaust system, Qoil is the amount of heat discharged to the oil system, Qenvironment is the amount of 

heat rejected to the environment by convection and radiation and Qinccombustion is the rate of energy lost due to incomplete 

combustion. The Figure 2 shows the energy balance an internal combustion engine applied in this study and the control 

volume represented by the dashed line and energy rates crossing the boundaries of the volume of control.  

 

 
 

Figure 2 - Energy balance an internal combustion engine and energy rates crossing the boundaries of control volume. 

 

The power supplied to the engine due to fuel burning Qfuel is: 

 

𝑄𝑓𝑢𝑒𝑙 =
𝑚̇𝑓𝑢𝑒𝑙 .  𝑄𝐿𝐻𝑉

3600
                                                                                                                                                                   (2)  

 

where 𝑚̇𝑓𝑢𝑒𝑙 is the mass flow rates of the fuel in (kg/h) and QLHV is the lower heating power of the gasoline fuel in (kJ/kg). 

The output power delivered by the engine measured in dynamometer Pbshaft is: 

 

𝑃𝑏𝑠ℎ𝑎𝑓𝑡 =
2 . 9,8 . 𝜋 . 𝑟𝑝𝑚 . 𝑇𝑠ℎ𝑎𝑓𝑡

60000
                                                                                                                                            (3)  

 

where rpm is the engine speed in (rev/min) and Tshaft is the torque engine measured in dynamometer in (kg.m). The amount 

of heat discharged to the water-cooling system Qwater is: 

 

𝑄𝑤𝑎𝑡𝑒𝑟 =
𝜌𝑤𝑎𝑡𝑒𝑟  . 𝑣̇𝑤𝑎𝑡𝑒𝑟 . 𝑐𝑝𝑤𝑎𝑡𝑒𝑟 . ∆𝑇𝑤𝑎𝑡𝑒𝑟

3600
                                                                                                                            (4)  

 

where ρwater is the specific mass of water in (kg/m3), vwater is the water flow in (m3/h), cpwater is the specific heat of water 

in (kJ/kg.K) and ΔTwater is the differs between water inlet and outlet temperature in the engine in (C°). The amount of heat 

discharged to the exhaust system Qexhaust is:  

 

𝑄𝑒𝑥ℎ𝑎𝑢𝑠𝑡 =
(𝑚̇𝑓𝑢𝑒𝑙 + 𝑚̇𝑎𝑖𝑟 ). 𝑐𝑝𝑎𝑖𝑟 . (𝑇𝑔𝑎𝑠𝑒𝑠 − 𝑇𝑎𝑖𝑟)

3600
                                                                                                             (5)  

 

where 𝑚̇𝑓𝑢𝑒𝑙 is the mass flow rates of the fuel in (kg/h), 𝑚̇𝑎𝑖𝑟 is the mass flow rates of the air in (kg/h), cpair is the specific 

heat of air in (kJ/kg.K), Tair is the air inlet temperature measured in the intake manifold in (C°) and Tgases is the burned 
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gases outlet temperature measured in the exhaust manifold in (C°). The amount of heat discharged to the oil cooling 

system Qoil is: 

 

𝑄𝑜𝑖𝑙 =
𝜌𝑜𝑖𝑙  . 𝑣̇𝑜𝑖𝑙 . 𝑐𝑝𝑜𝑖𝑙 . ∆𝑇𝑜𝑖𝑙

60000
                                                                                                                                                      (6)  

 

where ρoil is the specific mass of oil in (kg/m3), voil is the oil flow in (L/min), cpoil is the specific heat of oil in (kJ/kg.K) 

and ΔToil is the differs between oil inlet and outlet temperature in the engine in (C°). The rate of energy lost due to 

incomplete combustion Qincccombustion is:  

 

𝑄𝑖𝑛𝑐𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 = 𝑄𝑓𝑢𝑒𝑙 . (1 − 𝜆)                                                                                                                                                  (7)  

 

where Qfuel is the power supplied to the engine due to fuel burning in (kW) and 𝜆 is the factor lambda measured during 

test. The amount of heat rejected to the environment by convection and radiation Qenvironment is: 

 

𝑄𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 = 𝑄𝑓𝑢𝑒𝑙 − 𝑃𝑏𝑠ℎ𝑎𝑓𝑡 − 𝑄𝑤𝑎𝑡𝑒𝑟 − 𝑄𝑒𝑥ℎ𝑎𝑢𝑠𝑡 − 𝑄𝑜𝑖𝑙 − 𝑄𝑖𝑛𝑐𝑐𝑜𝑛𝑏𝑢𝑠𝑡𝑖𝑜𝑛                                                               (8) 

 

The Table 1 shows the thermal properties of the specific mass of water, specific heat of water, lower heating power 

of the gasoline fuel, specific heat of air, specific heat of oil and specific mass of oil used in the calculation of the energy 

balance. 
 

Table 1 – Thermal properties of water, gasoline fuel, air and oil lubricant used in the calculation of the energy balance, 

(Bergman et al., 2011) and (ANP, 2012). 

 

 
 

The properties of water and oil were evaluated respectively, at temperature of 85 and 103 C°. These temperatures 

represent the arithmetic averages of the outlet and inlet temperatures measured during the test at full load, according to 

table 1. The property of air was evaluated at temperature of 419 C°, assuming the specific heat of air, at mean exhaust 

temperature, as the average specific heat of the gases. The fuel used in this work is the commercial gasoline C with 27% 

anhydrous ethanol homologated for the Brazilian market.  

 

The tests were carried out on a four-cylinder flex-fuel spark-ignition engine with the follow specification presented in 

Table 2. 

 

Table 2 – Specification of spark ignition engine used in test. 
 

 

 

3. RESULTS AND DISCUSSION 

 

This section will be present and discuss the results of application of the first law of thermodynamics the engine 

operating in the dynamometer working at full and no load conditions. In this work, the concept of control volume will be 

applied, which is represented by a certain closed space and this concept establishes that the net variation of the energy 

rates entering and leaving the control volume has to be equal to zero, (Heywood,2003). 

 

The Table 1 shows the experimental engine data measured on the dynamometer during the test at full load condition. 
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Table 1 - The experimental engine data measured during the test at full load condition. 

 

 
 

The Table 2 shows the experimental engine data measured on the dynamometer during the test at no load condition. 

 

Table 2 - The experimental engine data measured during the test at no load condition. 

 

 
 

Figure 3 shows the thermal energy rate calculated at full load condition. 

 

 
 

Figure 3 - Thermal energy rate calculated at full load condition. 

 

At full load condition, the maximum energy rate supplied by the gasoline fuel was 331.52kW at 6000rpm, the average 

energy rate measured on the axis was 62.54kW and the maximum measured rate was 83.12kW at 5000 rpm, the average 

energy rate transferred to the cooling system was 24.56kW and the maximum transferred rate was 37.05kW at 5000 rpm, 

the average energy rate transferred to the exhaust system was 64.23kW and the maximum transferred rate was 108.82kW 

at 6000 rpm, the average energy rate transferred to the oil lubrication system was 5.00kW and the maximum transferred 
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rate was 7.10kW at 6000 rpm, the average energy rate dissipated by the incomplete fuel burning was 1.55kW and the 

maximum transferred rate was 11.60kW at 6000 rpm and the average energy rate dissipated by convective and radiation 

heat was 59.65kW and the maximum transferred rate was 90.91kW at 5500 rpm. The rate of energy released by burning 

the gasoline inside the combustion chamber depends on the mass flow rate and the lower heating power value of the 

gasoline, as shown in equation 2. The increasing of this rate of energy released as the engine speed increases during the 

test can be justified because the gasoline flow increases with the increase in engine speed. The power measured on the 

engine crankshaft depends of the engine speed and torque, as shown in equation 3. The maximum power reached at 5000 

rpm can be justified because the engine torque increases with the engine speed until reaching a maximum value between 

3500 to 5000 rpm. The energy rates transferred to the cooling, exhaust and lubrication oil systems depend on the specific 

heats and temperature difference, as shown in equations 4, 5 and 6 respectively. The rate of energy lost due to incomplete 

combustion depends on the lambda factor, as shown in equation 7. This rate is zero at low speeds because the lambda 

factor is 1 and high at high speeds because the lambda factor is less than 1. 

 

Figure 4 shows the thermal energy percentage calculated at full load condition. 

 

 
 

Figure 4 - Thermal energy percentage calculated at full load condition. 

 

At full load condition, the average thermal efficiency of engine operated with gasoline fuel was 27.08% and the 

maximum thermal efficiency was 30.51% at 3500 rpm, the average thermal energy percentage rejected for cooling system 

was 12.33% and the maximum was 16.96% at 1500 rpm, the average thermal energy percentage rejected for exhaust 

system was 29.40% and the maximum was 32.82% at 6000 rpm, the average thermal energy percentage rejected for 

lubrication oil system was 2.40% and the maximum was 3.95% at 1500 rpm, the average thermal energy percentage 

rejected for environment by convection and radiation was 27.36% and the maximum was 30.45% at 4000 rpm and the 

average thermal energy percentage lost due to incomplete combustion was 0.7% and the maximum was 3.5% at 6000 

rpm. (Heywood, 2013) describe that for the Spark ignition engines at maximum power the brake power ranges from 25 

to 28%, the cooling heat loss ranges from 17 to 26%, the exhaust heat loss ranges from 34 to 45% and the miscellaneous 

heat loss ranges from 4 to 10%. Colin and Allan (2016) describe that for the small spark ignition automobile engine the 

shaft work term reveals that the engine has a brake thermal efficiency of about 30%. About 45% of the energy is rejected 

in the exhaust, 10 to 15% is dissipated by friction, and 10 to15% is dissipated with heat loss. 

 

Figure 5 shows the thermal energy rate calculated at no load condition. 



Claudio Marcio Santana, Luís Antônio Bortolaia and Luana Magalhães Siqueira 
Influence of Speed and Load Variation on the Energy Balance of an Internal Combustion Engine with Gasoline  

 
 

Figure 5 - Thermal energy rate calculated at no load condition. 

 

At no load condition, the maximum energy rate supplied by the gasoline fuel was 82.44kW at 6000 rpm, the average 

energy rate measured on the axis was 3.28kW and the maximum measured rate was 6.46kW at 6000 rpm, the average 

energy rate transferred to the cooling system was 19.96kW and the maximum transferred rate was 26.39kW at 5000 rpm, 

the average energy rate transferred to the exhaust system was 9.33kW and the maximum transferred rate was 21.57kW at 

6000 rpm, the average energy rate transferred to the oil lubrication system was 4.92kW and the maximum transferred rate 

was 5.99kW at 6000 rpm and the average energy rate dissipated by convective and radiation heat was 1.81kW and the 

maximum transferred rate was 23.85kW at 6000 rpm.   

 

Figure 6 shows the thermal energy percentage calculated at no load condition. 
 

 
 

Figure 6 - Thermal energy percentage calculated at no load condition. 

 

At no load condition, the average thermal efficiency of engine operated with gasoline fuel was 7.74% and the 

maximum thermal efficiency was 8.97% at 4500 rpm, the average thermal energy percentage rejected for cooling system 

was 51.81% and the maximum was 54.79% at 1500 rpm, the average thermal energy percentage rejected for exhaust 

system was 23.14% and the maximum was 26.16% at 6000 rpm, the average thermal energy percentage rejected for 

lubrication oil system was 13.01% and the maximum was 16.21% at 2500 rpm and the average thermal energy percentage 

rejected for environment by convection and radiation was 4.48% and the maximum was 28.93% at 6000 rpm. The rate of 

energy lost due to incomplete combustion was zero because at no load condition, the lambda factor is 1, consequently the 

thermal energy percentage lost due to incomplete combustion was zero too. 

 

Figure 7 shows the distribution of the thermal energy percentage distribution at full load condition and 3500 rpm. 
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Figure 7 - Thermal energy percentage distribution at full load condition and 3500 rpm. 

 

At full load condition and 3500 rpm (region of better engine thermal performance), the thermal efficiency was 30.51%, 

the thermal energy percentage rejected for cooling system was 12.28%, the thermal energy percentage rejected for exhaust 

system was 29.17%, the thermal energy percentage rejected for lubrication oil system was 2.42%, the thermal energy 

percentage rejected for environment by convection and radiation was 25.02% and the thermal energy percentage lost due 

to incomplete combustion was 0.6%. The tests in the present study were compared with the tests performed by (Yuksel 

and Ceviz, 2013) that used a four-stroke spark ignition engine and four cylinders with gasoline to investigate the energy 

balance and performance of engine coupled to hydraulic dynamometer. At 3534 rpm the brake power measured was 

41.45kW, the heat loss through the exhaust system was 32.82kW, heat loss to the cooling water system was 18.88 kW, 

heat loss to the lubricating oil system was 12.71kW, radiation heat loss was 105.88kW and the engine thermal efficiency 

was 39%. In the same conditions of fuel used in teste (gasoline), type of engine (four-stroke spark ignition engine and 

four cylinders), load (full load) and speed (3500 rpm), these comparisons presented the energy rates and efficiencies of 

energy balance in the same order of magnitude. 

 

Figure 8 shows the distribution of the thermal energy percentage distribution at no load condition at 3500 rpm. 

 

 
 

Figure 8 - Thermal energy percentage distribution at no load condition at 3500 rpm. 

At no load condition and 3500 rpm, the thermal efficiency was 8.17%, the thermal energy percentage rejected for 

cooling system was 51.57%, the thermal energy percentage rejected for exhaust system was 22.96%, the thermal energy 

percentage rejected for lubrication oil system was 12.94% and the thermal energy percentage rejected for environment by 

convection and radiation was 4.36%. This experimental study confirms that the distribution of energy rates in the energy 

balance of a spark ignition four-stroke engine was influenced by the engine speed and the load. Up to 3500 rpm thermal 

efficiency increases with increasing rotation and after 3500 rpm thermal efficiency decreases with increasing rotation. 

Operating at lower loads, the engine achieves low thermal efficiency and operating at maximum load (maximum opening 

the throttle), the engine achieves maximum thermal efficiency, in the present study the maximum efficiency of 30.51% 

was achieved in the 3500 rpm engine speed. The energy rate transferred to the cooling system, exhaust system, oil 

lubrication system, energy rate dissipated by convective and radiation heat and rate of energy lost due to incomplete 

combustion decrease at low speeds and low loads. The thermal energy percentage rejected for cooling system and 

lubrication oil system increase and the thermal energy percentage rejected for exhaust system, rejected by convection and 

radiation and lost due to incomplete decrease at low speeds and low loads. This can be justified because at low speeds 

and low loads the thermal energy rate supplied by the gasoline fuel was lower. Kimura and Murakami (2012) investigated 

the effect of cylinder bore temperature and lubricant oil temperature on friction of gasoline engine. The results of this 

study demonstrated that the cylinder bore temperature was the main parameters that influenced the piston friction. 
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4. CONCLUSIONS 

 

The results showed that, at full load conditions, the average thermal efficiency of engine operated with gasoline fuel 

was 27.08% and the maximum thermal efficiency was 30.51% at 3500 rpm, the average thermal energy percentage 

rejected for cooling system was 12.33% and the maximum was 16.96% at 1500 rpm, the average thermal energy 

percentage rejected for exhaust system was 29.40% and the maximum was 32.82% at 6000 rpm, the average thermal 

energy percentage rejected for lubrication oil system was 2.40% and the maximum was 3.95% at 1500 rpm, the average 

thermal energy percentage rejected for environment by convection and radiation was 27.36% and the maximum was 

30.45% at 4000 rpm and the average thermal energy percentage lost due to incomplete combustion was 0.7% and the 

maximum was 3.5% at 6000 rpm. This experimental study confirms that the distribution of energy rates in the energy 

balance of a spark ignition four-stroke engine was influenced by the engine speed and the load. In the present study, up 

to 3500 rpm thermal efficiency increases with increasing rotation and after 3500 rpm thermal efficiency decreases with 

increasing rotation. The energy rate transferred to the cooling system, exhaust system, oil lubrication system, energy rate 

dissipated by convective and radiation heat and rate of energy lost due to incomplete combustion decrease at low speeds 

and low loads because at low speeds and low loads the thermal energy rate supplied by the gasoline fuel was lower. The 

thermal energy percentage rejected for cooling system and lubrication oil system increase and the thermal energy 

percentage rejected for exhaust system, rejected by convection and radiation and lost due to incomplete decrease at low 

speeds and low loads.  
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