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ABSTRACT 
 

This paper reports the pressure behaviour of 

20W-50 motor oil in a 1.5 liter, 4-cylinder spark 

ignition gasoline engine. The oil pressure 

changes were recorded under a steady state 

operating condition with an increased speed in 

which both volume and temperature of the oil 

remained unchanged throughout the experiment. 

In another case, the pressure changes of the oil 

were also measured under a transient state 

operating condition in which the temperature of 

the oil was increased as the engine was heating 

up. The engine was left running at a wide-open 

throttle and a constant speed ranging from 1500 

to 5000 rpm with 500 rpm increment. In 

addition, a constant temperature with each 10°C 

increment from 50°C to 80°C was also set to the 

oil. In general, the pressure of the oil was found 

to be decreasing at both increased engine speed 

and oil temperature. It was found that the 

viscosity of the oil began to decrease from 157.7 

cSt to a minimum of 17.3 cSt as the oil 

temperature increased towards 100 
o
C. As the 

engine speed rose above 3000 rpm, the flow 

circulation of the lubricant became faster and 

less compressed, resulting a decrease in the 

pressure value from a peak of 5.57 bar. 

However, the pressure drop of the oil during 

operation did not reduce the engine’s 

performance. The physical properties of the oil 

such as the viscosity and density were 

temperature dependent which started to lower 

the engine oil pressure for all sets of speed when 

the operating temperature reached above 60 
o
C 

making the temperature below 60
o
C; a 

preferable operating temperature. Moreover, 

these properties were also influenced by the 

engine’s oil path and flow rate. The findings in 

this work are useful for the operation of 

actuating mechanisms in the engine involving 

pressured lubricant in relation to the gear 

shifter, automated locking system and variable 

valve timing. 
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1. INTRODUCTION 
 

Viscosity of a liquid is a measure of the fluid 

resistance to flow when acted upon an external 

force such as a pressure differential or gravity. 

Viscosity is a general property of all fluids, 

which includes both liquids and gases. For a 

given mass of a liquid, smaller sized droplets 

(lower viscosity) yield greater total surface area 

than the larger droplets, possessing lower static 

pressure (Sylvain, 2008). As the basic concept 

of viscosity is the same for liquids and gases, 

changes in the temperature affect the viscosity 

of liquids and gases differently. In this paper, an 

investigation of the effects of temperature and 

engine speed on the viscosity and pressure of 

the engine’s oil was carried out in order to 

determine the pressure behaviour of the 

engine’s oil during operation. 

 

Temperature dependence of liquid 

viscosity is a phenomenon by which the 

viscosity tends to decrease as the temperature 

increases. As the temperature of the liquid 

increases the viscosity decreases. In liquids, the 

cohesive forces between the molecules 

predominates the molecular momentum transfer 

between the molecules, mainly because the 

molecules are closely packed. It is this reason 

that liquids have lesser volume than gases. The 

cohesive forces are maximum in solids so the 

molecules are even more closely packed in 

them. When the liquid is heated the cohesive 

forces between the molecules reduce thus the 

forces of attraction between them reduce, which 

eventually reduces the viscosity of the liquids 

(Bansal, 2005). 

 

In engines, the lubricating oil is heated 

to very high temperatures due to combustion of 

the fuel; hence it is vital to know whether the 

viscosity of the lubricating oil will be sufficient 



29 

 

to lubricate the moving parts at those high 

temperatures. A standard water cooled engine 

should operate with a cooling system 

temperature between 80°C and 90°C. 

Considering that the oil operating temperature 

should be 10°C to 15°C above the coolant 

temperature, and then the oil operating 

temperature should be within 90°C to 105°C 

(John, 2008). 

 

This paper explains the behaviour of 

the oil pressure during engine operation with 

various speed and temperature setup. Although 

the pressure drop in the engine oil may not 

affect the engine performance, it is still vital in 

the study of the actuating mechanism in the 

engine which involved the pressurized lubricant 

in relation to the gear shifter, automated locking 

system and variable valve timing including the 

optimization of the operating temperature and 

speed (Clenci, 2002). 

 

2. METHODOLOGY 

 

2.1 Experimental Setup 

 

A 1.5 litre, single overhead camshaft (SOHC) 

multipoint fuel injection (MPI) gasoline engine 

(Mitsubishi 4G15) was used in this experiment. 

The schematic diagram of the experimental 

setup is shown in Figure 1. An eddy current 

dynamometer and a CP Engineering Cadet V12 

engine control software were used to program 

the engine test as well as to record the engine 

performance. The engine was let running at a 

steady state condition with a wide-open throttle 

(WOT) at a speed ranging from 1500 to 5000 

rpm with 500 rpm increment. A pressure sensor 

(Kistler type 6125B) was installed on to one of 

the engine cylinder and another pressure sensor 

was installed on to the oil filter adapter to 

measure the lubricant oil pressure and the 

pressure data was sent to Dewetron DEWE5000 

combustion analyzer (How, 2009). 

 

 
 

Figure 1 Schematic diagram of the experimental 

setup 

2.2 Lubrication oil map and analysis 

 
Lubrication oil map of an engine is shown in 

Figure 2, whereby a pressure sensor is placed to 

the oil filter adapter to monitor the pressure 

change in the lubricant. The pressure sensor 

located at the oil sump was used as a reference 

and the pressure differences between both 

outputs were recorded (Ahmad, 2010). The test 

was carried out by allowing the engine oil to 

cool down at each speed. Pressures were 

recorded for each temperature increment at a 

constant speed. This step was repeated for each 

speed ranging from 1500 rpm to 5000 rpm. 

 

 
 

Figure 2 Engine oil map 
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2.3 Properties of the Engine oil 

 

The oil used in this experiment was SAE 20W-

50; a conventional multigrade engine oil, 

formulated with high quality mineral oils with 

selected additives. This particular grade was 

selected due to its suitability and precision for 

this engine compared to the others. Table 1 

shows the data sheet of the SAE 20W-50 

lubrication oil used in this experiment. 

 

Table 1 SAE 20W-50 Properties 

 

Properties Method(s) Value 

Density @ 15C 

(Kg/m
3)

 
ASTM D4052 884 

Viscosity, Kinematic 

40°C (mm /s) 
ASTM D445 157.71 

Viscosity, Kinematic 

100°C (mm /s) 
ASTM D445 17.3 

Viscosity Index ASTM D2270 120 

Pour Point (°C) ASTM D97 -27 

Zinc (% wt) ASTM D4951 0.08 

Calcium (% wt) ASTM D4951 0.13 

 

Flash Point, PMCC 

(°C) 

 

ASTM D93 

 

200 

Total Base Number, 

TBN (mg KOH/g) 
ASTM D2896 5.0 

 

3. RESULTS AND DISCUSSION 

 

Tests were conducted to determine the change 

in the engine oil pressure at a different level of 

temperature and speed. 

 

3.1 Pressure behaviour with increased speed 

at various temperatures 

 

As indicated in Figure 3, the engine oil 

pressures increased as the engine speed was 

increased from 1500 rpm to 3000 rpm and 

began to drop until the speed reached 5000 rpm. 

At 50°C, the engine oil possessed the highest 

engine’s oil pressure in overall compared to 

other temperature. For each temperature, the 

trend of the oil pressure was found similar to 

each other. The highest pressure was found at 

3000 rpm with 60°C and 5.57 bar. For every set 

of oil temperature ranging from 50°C to 80°C, 

the peak pressure dropped beyond 3000 rpm. In 

low engine speed, the oil pump refreshes the oil 

in the annular space faster than the bearing 

leakage expels it to the sump and caused higher 

oil pressure. Higher engine speeds caused the 

pump to ran faster and pushed more oil through 

the engine and because of the variances in high 

temperature (oil thinning) and engine speed 

upon cold engine start up, that leakage from the 

bearings is higher than the pump’s delivery rate 

causing a drop in oil pressure value (Bob, 

2008). 

 

 

 
 

Figure 3 Lubricant pressures as a function of 

speed 

 

3.2 Pressure behaviour in an increased 

temperature at various engine speed 

 

Figure 4 illustrates the change in the engine oil 

change for every set of speed with increasing 

temperature. As shown in Figure 4, the oil 

pressure decreased as the temperature was 

increased from 50°C to 80°C at every set of 

speed. The trends were different from each 

engine speed where some of the lubricant 

pressures begun to drop at higher temperatures 

and some dropped at lower temperatures with 

steeper slope. It was found that the most stable 

speed was at 2000 rpm which experienced only 

a slight drop of pressure from an increased 

temperature. The pressure drop phenomenon 

occurred as the temperature increased, with 

decreasing viscosity thus lowering the pressure, 

as proven in Figure 3 and 4. In Figure 4, every 

set of engine speed had steeper engine oil 

pressure slopes as the temperature risen beyond 

60°C making 50°C to 60°C a preferable 

operation temperature range. 
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Figure 4 Lubricant pressures as a function of the 

lubricant temperature 

 

3.3 Viscosity and pressure drop correlations 
 

Figure 5 shows the viscosity and the oil pressure 

had dropped as the operating temperature rose. 

The viscosity of the oil dropped significantly 

from 157.7 to 17.3cSt. However, the pressure 

fluctuation for each set of speed varies where at 

a speed above 4500 rpm, the oil experienced 

higher drop rate regardless of the temperature 

rose of the same oil. The oil pressure began to 

drop when the oil temperature reached 50
o
C for 

almost all set of speed except for 2000 rpm and 

3000 rpm. 2000 and 3000 rpm speed for 

instance, the pressure continued to rise beyond 

50
o
C until it began to drop when it reached 60

o
C 

of oil temperature with a peak of 5.3402 bar and 

5.5736 bar respectively even though the 

viscosity of oil dropped. Normally, the oil 

pressure increased with increasing engine speed 

until it reached a certain point in which the 

pressure was released to prevent leaking of the 

seals (Larry, 2006). However, the pressure of 

engine oil was strongly dependent on the flow 

and the viscosity of the lubricant.  

 

 

 
 

Figure 5 Lubricant kinematic viscosity and 

lubricant pressure as a function of lubricant 

temperature 

 

Maintaining operating temperature as low as 

possible in high engine speed is crucial to 

prevent the oil pressure drop. In terms of the oil 

pressure dependent mechanism, a linear 

increase in an engine oil pressure with 

increasing speed was needed so that a hydraulic 

actuation can be preset on the engine control 

unit for precise timing (Clenci, 2002). 

 

4. CONCLUSION 

 

This study had demonstrated that the engine oil 

pressure was strongly dependent on the 

operating temperature of the oil and the engine 

speed. The following remarks can be also drawn 

from this study: 

1. The engine oil pressure increased as the 

engine sped up with a maximum of 5.57 bar 

at 3000 rpm and 60!C of oil temperature. 

2. The kinematic viscosity of an engine oil 

reduced as low as 17.3 cSt at a normal 

operating oil temperature of 100!C. 

3. For all sets of speed, the engine oil pressure 

began to drop as the oil temperature 

reached 60!C making the preferable 

operating temperature range; 50!C to 60!C. 

4. The temperature rise began to affect the 

pressure loss above 3000 rpm and greatly 

affected the pressure loss of the engine oil 

that operated above 4500 rpm of engine 

speed. 

5. An adequate cooling system for lubrication 

oil can ensure the linearity of the pressure 

rise and drop for increasing engine speed. 
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