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Abstract— IC engines (CI &SI) have become economic drives of present times by virtue of their extensive deployment at 
agriculture, transport & energy sectors of our economy. The efficiency of internal combustion engines are required to be 
improved by effective modifications. Absorption of energy by the lubricant of automotive engines has been the matter of 
concern. Friction loss is reported to be one of the major losses, accounting for nearly 15-20% of the total losses, and nearly 
75-80% of which occurs at piston ring and engine walls (PRW). Lubricating oils are designed to function in an optimal 
fashion when engine oil operating temperatures are approximately 10°C to 15°C above the coolant temperature. Keeping this 
in mind, the sump operating temperatures of the engine oil should not exceed 105°C under normal conditions. Effort is made 
in the present work to design an effective cooling system for the lubricating oil and study the performance behaviour of the 
engine. 
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I. INTRODUCTION 
 
It is well known that reduction of engine friction 
increases the engine efficiency. Previous studies of 
Otto, Diesel, and Dual cycles dealing with piston 
friction coefficient have neglected type of lubricants 
and engine configuration details like engine skirt and 
rings etc. Further, effect of friction on oil temperature 
was neglected in all these studies. Recently, more 
research has focused on the effect of oil film 
temperature on its thickness of piston rings. Their 
results indicated that the oil film thickness could be 
calculated by using the viscosity estimated from the 
oil film temperature. 
 

 
Figure 1 – Optimum oil temperature and viscosity 

 
It was reported that oil film thickness between the 
ring and liner increases with increasing oil viscosity. 
Therefore, it can be seen that the temperature 
dependence of viscosity, engine operational 
conditions, and ring configuration are very essential 
in analyzing friction encountered in piston skirt and 

piston rings. In the present work, an existing spark-
ignition (SI) engine is analyzed by designing and 
installing a cooling system for the lubrication oil and 
performance of engine is evaluated and compared at 
constant loads and speeds loads. For the present work 
4 stroke VCR petrol engine is used. 
 
II. OBJECTIVE 
 
The overall objective of the project is to study the 
performance of existing SI engine and evaluate & 
compare the performance of the engine with and 
without oil cooling system and demonstrate the effect 
of oil cooling system on the engine.  
i. Project aims at enhancement of performance 

existing SI engine.  
ii. To evaluate and demonstrate the effectiveness 

of lube-oil on engine performance.  
iii. Design and development of effective cooling 

system.  
iv. Performance evaluation of cooling system.  
 
Present technology concentrates only on engine 
cooling. But major losses reported are friction losses 
and thermodynamic losses. Nearly 30-40% of the 
friction losses occur mainly at piston rings and 
cylinder wall assembly. Due to increase in 
temperature of the lubricating oil, the viscosity 
decreases. This results in decrease of stability of lube 
oil film present between piston rings and engine 
cylinder. Due to this, the friction between them 
increases. Present work mainly deals with cooling the 
lube oil present in engine oil sump by circulating it 
through radiator. Due to cooling of oil, temperature 
decreases and viscosity of oil increases. This results 
in retaining the oil film between piston rings and 
engine cylinder there by decreases the friction. 
Performance analysis of engine with and without oil 
cooling system is also carried out in the present work. 
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III. LUBRICATION 
 
Lubricant is required to carry out numerous different 
tasks when the engine is in operation, the primary 
function being to lubricate all the components by 
reducing friction and preventing metal to metal 
contact as shown in figure – X. As the temperature 
increases the viscosity decreases. Referring to fig X 
there should be an optimum oil viscosity range. If the 
engine oil temperature drops below this optimum 
range it results in various problems and vice versa. At 
the same time if temperatures are high it results in the 
performance deterioration. 
In the reciprocating engine there are many surfaces in 
the contact with each other and therefore they should 
be lubricated to reduce friction. The principal friction 
surfaces requiring lubrication in an internal 
combustion engine are:-  1. Piston and cylinder 2. 
Crankshaft and their bearings 3. Crank pin and their 
bearing 4. Wristpin and their bearing 5. Valve gear. 
The lubricant should have  1. Suitable viscosity. 2. 
Oiliness to ensure adherence to the bearing and for 
less friction and wear when the lubrication is in the 
boundary region, and as a protective covering against 
corrosion.  3. High strength to prevent the metal to 
metal contact and seizure under heavy load.  4. 
Should not react with the lubricating surface.  5. A 
low pour point to allow flow of the lubricant at low 
temperature to the oil pump.  6. No tendency to form 
deposit by reacting with air, water, fuel or the product 
of combustion.  7. Cleaning ability.  8. Non foaming 
characteristics.  9. Non toxic and non inflammable.  
 
IV. DESIGN OF ENGINE COOLING SYSTEM 
 
Design consists of oil sump, oil pump, flow control 
valves, radiator with fan and two thermocouples. 
i) Oil Sump:An oil sump is the lower enclosure of an 
internal combustion engine where oil is stored. It is 
used as a reservoir to the oil and provides it to the rest 
of the engine when required, using engine pumps. 
900ml SAE 40 lubricating oil is used in this project 
work. Sump consists of two ports, one for the cooled 
oil inlet and another for the extraction of hot oil from 
the sump. 
ii) Oil Pump: Oil pump is the one, which pressurizes 
oil in a system. Oil pump of capacity 0.12 ~ 0.16 HP 
& discharge rate 0.9lpm is used here. 
iii) Flow control valve: Flow control valve is used to 
control the flow rate of oil in radiator. Different flow 
rates of 0.2lpm, 0.4lpm and 0.6lpm are used in the 
present work 
v) Radiator with fan: Radiator is used to remove 
heat from the hot oil and radiate it to surrounding air 
by convection phenomenon. Radiation can be 
promoted by providing fan i.e., forced convection 
process 
v) Thermocouple: Two thermocouples are used to 
measure oil temperature. One is fixed right next to the 
pump outlet to measure hot oil temperature extracted 

from the sump. Second thermocouple is fixed at the 
outlet of the radiator to measure cooled oil 
temperature 

 

 
Figure 2 – Design of cooling system 

 
Hot oil from the sump is taken out by the oil pump 
through sump outlet, this oil is pumped at high 
pressure to the radiator. Hot oil temperature is 
measured at the pump outlet using thermocouple T1. 
The oil flow rate is controlled by using flow control 
valve which is fixed after the pump. Required amount 
of oil is made to flow through the radiator, the excess 
oil is sent back to oil sump, otherwise it may lead to 
increase of pressure in the oil line which bursts the 
pipe line. Also it relieves back pressure created and 
avoids malfunction of the pump.  
Hot oil passes through the radiator with the set flow 
rate. Heat present in the oil is passed to the 
aluminium pipes of the radiator and then to the 
surrounding by forced convection. Thus providing 
required cooling effect. This cooled oil temperature is 
measure by thermocouple T2 at the radiator outlet.  
The cooled oil is again sent back to the oil sump, 
thereby required oil temperature is maintained in the 
oil sump. It is important to note that the cooled oil 
which is sent in to the sump is having high viscosity 
compared to the hot oil due to temperature drop. Hot 
oil is represented by red lines and cooled oil by blue 
coloured lines in the figure. 
 
V. EXPERIMENTAL WORK 
 
Studying the Performance of the Engine without 
Oil Cooling System:  
Engine is made to run at maximum load condition 
i.e., at available maximum load 2 KW. Engine is 
made to run for 45 minutes. At regular intervals of 
time, different performance parameters such as speed 
of the engine, dynamometer reading to calculate 
brake power of the engine, time taken for 
consumption of 10cc oil to calculate mass of fuel 
consumed, specific fuel consumption, air-fuel ratio 
and brake thermal efficiency. Manometer reading to 
calculate mass flow rate of air.  
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Fig. 3 – Existing Engine 

 
Studying the Performance of the Engine with Oil 
Cooling System:  
Engine is made to run at maximum possible load i.e., 
2 KW. The sump oil temperature is continuously 
monitored. After sufficient run, oil pump is switched 
on there by activating the cooling system. Hot oil and 
cooled oil temperatures are noted at regular intervals 
of time along with various other parameters. 
Performance evaluation of engine is done in the same 
manner as before. Various parameters like BP, mass 
of fuel consumed, specific fuel consumption, and 
efficiency of the engine is tabulated at different oil 
flow rates and compared with previously obtained 
results as a function of time. 
 

 
Fig.  4 – Oil sump and oil pump  

 

 
Fig. 5 – Radiator with fan 

 
Fig. 6 – Engine with oil cooling system 

 
V. RESULTS AND DISCUSSION 
 
Comparison of Performance of oil cooling system: 
The following graphs depict the results obtained for 
various parameters such as brake power, fuel 
consumption, specific fuel consumption, air – fuel 
ratio and efficiency w.r.t time. As the engine is run 
for long time the viscosity of oil drops resulting in 
less lubrication effect causing more frictional losses. 
It is observed from the graphs that the performance 
deteriorated when the engine is made to run for long 
time. Engine recovered substantially after the engine 
cooling system was turned on. This shows that 
reducing the sump oil temperature increases viscosity 
which in turn reduces the frictional losses. It is hard 
to explain the influence of different mass flow rates 
on performance as it has different effects on the 
parameters considered. With cooling system 
performance is seen to be enhancing.   
 

 
Graph 1 – Variatin of BP(KW) 

 

 
Graph 2 – Variation of mass flow rate(Kg/s) 
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Graph 3 – Variation of air –fuel ratio 

 

 
Graph 4 – Variation of specific fuel consumption (Kg/ KW-hr) 

 

 
Fig. Variation of efficiency 

CONCLUSIONS 
 

 Performance of engine decreases gradually 
without cooling system, whereas with the 
adoption of cooling system performance 
increases and maintained in same range. 

 As optimum viscosity is retained, better 
lubrication prevails. 

 Engine oil life  increases. 
 On an avg. brake efficiency increases by 

3.5-4% for the oil flow rate of 0.4lpm. 
 Specific fuel consumption decreases by 

3.23% for the oil flow rate of 0.4lpm. 
  Oil recirculation rate influences the 

performance of the engine. 
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