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1. Introduction  

 In the automotive industry, which is one of the factors that make human life easier, the 

service life of vehicles can be evaluated by the life of the engine, which is the main part of the 

vehicle. There are many factors that contribute to the longevity of the engine, such as the quality 

of the gasoline used in the vehicle, periodic maintenance, not using the vehicle at high speeds, 

and keeping the air filter clean. The operations performed during standard periodic maintenance 

include changing the oil filter, engine oil, air filter, pollen filter, fuel filter, tire, and battery 

maintenance; checking the spark plug; and the checking brake system, exhaust system, and 

suspension system. One of the basic points to be considered for periodic maintenance is the 

duration of the engine oil change, which is directly proportional to the performance of the 

engine oil during its use. One of the most important properties of engine oils is their viscosity 

value. The viscosity of engine oils is a property that directly affects the prevention of fuel waste, 

wear protection capacity, and engine efficiency, especially at different temperatures.  

This research will examine how changes in viscosity of different engine oils occur 

within a certain temperature range and their effects on engine performance. In this study, it is 

studied how the oil's usage period, which affects the performance of engine oils, is affected by 

the change in viscosity of the oil with the increase in temperature.  

The aim of the study is to clarify the responses of engine oils to temperature conditions 

and to determine the effects of these changes on the engine to achieve optimal lubrication 

conditions. Viscosity measurement is carried out with a DIN Cup 4. As a result of the research, 

it is aimed to better understand the main factors affecting the performance of engine oils and to 

contribute to the engine design and oil selection processes in this direction. 

2. Background Information 

2.1. Lubrication 

Lubrication plays a major role in the engine functions, life, and performance of 

machinery. Reducing abrasion between two surfaces in contact occurs as lubrication, and it 

typically calls for the addition of a material called a lubricant. Lubricants, prevent metal to 

metal contact in engines, minimising wear and tear and spreading heat. Oil characteristics and 

types have a significant effect on engine performance, life, and functions. For engines and 

moving machinery, oil attributes need to remain stable. Succesful lubrication provides optimum 

benefits to prevent corrosion of metalic parts of engine. Lubrication fluids provide reduction 

the friction and provide good thermal conductivity. Thermal conductivity features of engine 

oils protect engines in vehicles and powered machines aganist negative effects of internal 
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combustion. Lubrification of engine directly effect of maintenance period, vehicle fuel 

consumption. Thus, a successful and regular lubrication process is an important step in order to 

ensure long engine life. If oil loses its qualities, and the motor metals may corrode excessively 

mechanically and chemically. 

 

Figure 1. Lubrication of Metal Surfaces 

A study found that engine oil can help determine when engines need an oil change, 

ensure optimum performance during scheduled maintenance, and extend engine life. (Kurre, 

Pandey, Khatri, Bhurat, Kumawat, Saxena &Kumar, 2021) 

2.2. Viscosity 

All fluids have an internal friction between molecules. Viscosity is resistance between 

fluids own particles to shear or motion in other word its internal friction. So viscosity is based 

on the internal friction of the fluid. At the molecular level, moving molecules in a liquid collide 

with each other and cause friction. Friction is the factor that determines the viscosity of a liquid. 

The magnitude of viscosity is found in various industries. For example, in the automotive 

industry, engine oil viscosity can affect engine performance. In addition, in the pharmaceutical 

industry, viscosity can affect drug injection and absorption. Measurement of Viscosity is an 

most useful method to determine of a fluid performance when fluids are used in lubrication. 

Viscosity use for different commercial applications such as paint, engine oil, pharmateutical 

and food products. There different measurement equipments to measure viscosity, Brookfield 

viscometer, Anton Paar dynamic rotational viscosimeter, Ubbelohde viscometer, viscosity cups 

(DIN, Zahn, Ford etc.). 

Kinematic viscosity more useful than dynamic viscosity for production processes 

quality control. The dimension of kinematic viscosity are area divided by time; the units are 

metre squared per second. Expressed as centimetre squared per second. 

The dimension of dynamic viscosity are force x time divided by area; the units are 

Newton second per square meter. Expressed as pascal second in SI units. 
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Figure 2. Viscosity of Liquids 

 There are various factors that affect viscosity in liquids. These are temperature, pressure, 

composition, and structural properties of the liquid. The viscosity of liquids generally decreases 

as temperature increases. This is because, as the temperature increases, the internal resistance 

of the liquid decreases and the mobility of the molecules increases. Under high pressure, 

viscosity increases as the liquid molecules find themselves in a tighter state. As the pressure 

increases, the friction force between the molecules increases, which makes the flow of the liquid 

more difficult. Since it is difficult for the chains to move in a liquid consisting of long-chain 

polymers, it has a higher viscosity. The chemical structure, molecular size and molecular 

arrangement of a liquid have an impact on viscosity. 

2.3. Differences Between High And Low Viscosity 

Viscosity is one of the basic properties defined as resistance to flow in liquids, viscosity. 

The molecules of high viscosity liquids are tightly bonded to each other and therefore 

their fluidity is low. Therefore, these liquids are dense and thick. Examples of high viscosity 

liquids include caramel, honey, and mayonnaise. These liquids frequently demand more force 

and flow more slowly. 

Low viscosity liquids, unlike high viscosity liquids, are thin, light and quite fluid. This 

is because the bonds between molecules are weaker. Liquids such as water, acetone and alcohol 

are examples of low viscosity liquids. These liquids frequently move more swiftly and with less 

effort. 

The differences between high and low viscosity are very important in industrial 

processes. For example, high viscosity paints create thicker layers, have a longer adherence 

time to the surface, and are difficult to pump and spray. However, low viscosity paints create 

thinner layers, spread easily on the surface, and are more easily used in spray systems. As a 

result, everything from nozzle selection to pump type in the process is adjusted according to 

viscosity. 
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2.4. DIN Cup Flow Meter 

Cup viscometers are easy-to-use gauges for measurement of the viscosity of liquids. 

They are used to measure the flow time of a fluid commonly used for paint, varnishes, and oils. 

This method is used for general viscosity control in the laboratory. However, due to the light 

weight and ease of use of the cups, measurements can also be made very easily outside the 

laboratory. The cup is supported in a stand and is filled with the liquid to be measured. And 

then, the time taken for liquid to drain through an orifice in the bottom of the cup is measured. 

Viscosity cups are designed to measure viscosity values of Newtonian and near-Newtonian 

liquids. 

Newtonian liquid, liquid in which the viscosity is independent of the shear stress or 

shear rate. If the ratio of shear stress to shear rate is not constant, the liquid is non-Newtonian. 

Near-Newtonian liquid, liquid in which the variation of viscosity with shear rate is small 

and the effect on viscosity of mechanical disturbances such as stirring is negligible.  

 

Figure3. DIN Flow Cup 

DIN Cup 4 is a measured kinematic viscosity of a fluid. And it is expressed in seconds(s) 

flow time, which can be converted to Centistokes(cSt). A wide range of cups with different 

orifices is avaible for measurements between 5cSt and 5100cSt. DIN 4 Viscosity flow cup has 

100 ml. Volume and 4 mm. Flow hole diameter and meets the DIN 53211 standard 

requirements. 

2.5. Operating Conditions Which Can Cause Changes In The Physical 

Properties Of A Fluid 

Pressure and temperature changes have significant influences on viscosity. The 

temperature can be one of the most important parameters that change the rheological properties 

of a fluid. Rheology is defined as the study of the flow of matter. Intermolecular attraction 

decrease with increases in temperature so temperature most effective parameter on viscosity. 
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The reason of increasing the temperature is increasing the average thermal energy of its 

molecule. The fluids viscosity decreases with an increase of temperature.  

Viscosity that given information about the physical condition of the oil is directly linked 

to temperature, friction and wear. Therefore, the change in viscosity of oil is an important 

reference in determining oil change intervals. In 2016 study, viscosity analyzes were performed 

by using Mobil Super 3000 Formula FE 5W30 fully synthetic engine oil in the same brand 

vehicles (Ford Connect 1.8 TDCI) with different engine ages (130.000-265.000 km range). 

Initially, samples were taken at 10.000 kilometers from vehicles. Then they have been taken 

approximately every 1.000 kilometers, the changing in viscosity of the engine oil that 

determined by operating times depending on the engine ages (Halis, S., 2016) 

In another study, malfunctions were predicted by examining the work machines used in 

Soma ELİ. Oil samples were filtered to appropriate standards and possible malfunctions were 

determined by checking the limit values of the particle quantity (PQ) obtained. The filtrates 

were examined using a microscope and the observed particles were compared with the wear 

atlas. The role of particles in wear was investigated by establishing the wear particle analysis 

method. Thus, it was determined that the operating life of the engines increased and a better 

plant performance was achieved. (Cebeci, T., 2022) 

And Rawashdeh, Fayyad & Awad's study, testing engine oil specifications and 

properties and their effects on engine maintenance and performance were investigated. Degree 

of stability from the properties of oils it is very important. Because excessive mechanical and 

chemical corrosion of the motor metals may happen if oil or lubricants lose their qualities. The 

required values for viscosity are ideals that give stable results no matter what. Whatever 

happens temperature changes in any operating condition where power losses are minimal and 

fuel consumption is minimal It has been seen to optimize fuel economy. (Rawashdeh, Fayyad 

& Awad, 2020) 

  When oil is heated its viscosity is reduced, this reduces its load carrying capacity. 

Viscosity changes based on load and temperature. When temperature increases, the lubricant 

becomes thinner and the viscosity becomes lower. Oil becomes more fluid and may not 

adequately lubricate metal surfaces when it becomes too hot. Wear and tear may result from 

this. Inversely as the temperature decreases, the lubricant thickens and viscosity increases, 

making it more difficult to pour or pump. Oil with higher viscosity can cause wear and make it 

harder to start the engine in cold weather. 

In addition, engine oil combines with oxidation products and contaminants inside the 

engine over time, reducing the performance of the oil and changing its viscosity. 
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3. Research Ouestion 

What Is The Effect Of The Change In Oil Viscosity Measured by DIN Cup 4 With 

Rising Temperature in the 23-93oC Range On The Service Life Of Engine Oils? 

4. Methodology 

4.1. Hypothesis 

The viscosity of the oils decreases as the temperature increases, at different rates in used 

and non-used engine oils. As engine oils are used, they heat up and reach higher temperatures 

and therefore lower viscosity values. This shortens the effective lubrication time of the oil and 

may adversely affect engine performance. The aim of this hypothesis is investigate how 

temperature changes affect the viscosity of engine oil and how time of oil spending affects this 

change. 

4.2. Variables 

4.2.1. Dependent Variables 

Viscosity of engine oil: DIN Cup 4 measuring values are given in seconds (s), and 

kinematic viscosity values calculated from DIN Cup 4 measurement results in centistokes (cSt). 

4.2.2. Independent Variables 

Measured temperatures: different temperature levels were used to measure viscosity 

changes of oils. 

Usage status of engine oils: non-used and used (used for 15,000 km) engine oils were 

compared. 

4.2.3. Controlled Variables 

Control Variable Method of Control Why controlled 

Engine oil type Used Shell Helix Ultra 5W-

30 synthetic engine oil 

To ensure consistency in 

viscosity measurements 

Viscosity Measurement 

Method 

Used DIN Cup 4 viscometer To make the measurement 

method standardize 

Experimental Environment Conducted in a standard 

environment 

To eliminate external factors 

affecting the results 

Equipment Used Same equipment used for all 

measurements 

To minimize variability from 

multiple instruments 

Table1. Controlled Variables and Methods 
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4.3. Materials and Methods 

This essay focuses on the investigation of viscosity changes in two different engine oils 

(used & non-used) according to temperature changes. How was the effect of used and non-used 

engine oils viscosity changes via temperature changes? Two different engine oils were used. 

Both of them were synthetic Shell Helix Ultra 5W-30 engine oils. The first sample was new, 

and the second sample was 15,000 km used.  

Two different engine oils have been compared at different temperatures. Five 

measurement values were obtained at different temperatures (40oC, 50oC, 60oC, 70oC, 80oC, 

90oC.) 

The method used in this study was the measurement of viscosity via a DIN Cup 4 

viscometer for used and non-used Shell Helix Ultra 5W-30 motor oil at different temperatures. 

Used material is given below. 

 DIN Cup 4 viscometer (Time deviation 1.14%) 

 Beaker 

 Stand 

 Glass plate 

 Metal water jacket 

 Shell Helix Ultra 5W-30 (non-used) 

 Shell Helix Ultra 5W-30 (15000 km. used) 

 Thermometer (-50oC/+300oC)±0.1oC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 1. DIN Flow Cup 4 Portable DIN 53211  
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4.4. Safety and Risk Assessment 

Risks Possible Dangers Taken Precauntions 

High 
temperatures 

Risk of burns due to hot 
engine oil  

Precautions have been taken paying 
attention to hot surfaces. 

Contact with 
chemicals 

Engine oil may come into 
contact with the skin and 
cause irritation or allergic 
reactions. 

Gloves were used and in case of contact, the 
affected area was cleaned with soap and 
water. 

Incorrect 
measurement or 
margin of error 

Obtaining incorrect data as a 
result of incorrect viscosity 
measurements. 

Accuracy was checked by repeating the 
measurements more than once. 

Oil spillage and 
slippery floor  

Risk of slipping and falling as a 
result of engine oil spillage. 

The work area was kept tidy and spills were 
cleaned immediately. 

Use of incorrect 
equipment. 

Incorrect use of measuring 
devices resulting in incorrect 
data or damage to equipment. 

The devices were used correctly and 
calibration checks were performed before 
each measurement. 
 

Evaporation and 
air bubbles  

Evaporation of the oil due to 
temperature change or 
incorrect measurement due to 
air bubbles. 

The sample was carefully prepared before 
the measurement to prevent the formation 
of air bubbles. 

Table 2. Risks, Possible Dangers and Precautions Taken 

4.4.1. Ethical Assesment 

The ethical principles observed in this study were evaluated as accuracy and objectivity, 

scientific and academic honesty, source use and citation rules, environmental ethics, safety and 

human health and transparency. 

Accuracy and objectivity: The data used in the study were collected accurately and 

analyzed impartially. 

Scientific and academic honesty: Data from other studies were not used, only the data 

obtained as a result of the experiment was reported and analyzed. 

Source use and citation rules: All sources and literature studies used in the study are 

cited correctly. 

Environmental ethics: Chemical substances such as engine oil were disposed of using 

appropriate methods that would not harm the environment. 

Safety and human health: Necessary precautions were taken and safety rules were 

followed when working with chemicals during the experiment process. 

Transparency: The methods and data used are clearly stated. 

4.4.2. Envorinmental Assessment 

If used engine oil is released directly into nature, it may cause water and soil pollution. 

Used engine oil was delivered to waste oil collection centers and recycled. Excessive water use 
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in cooling and cleaning processes can lead to depletion of water resources. In this study, only 

the required amount of water was used to avoid wastage. Since evaporation of engine oil at high 

temperatures will negatively affect air quality, the experiments were carried out in a well-

ventilated laboratory environment. 

4.5. Procedure 

1. First, the cup was placed on the stand, and the glass plate was used to adjust the cup 

so that it was in a flat position. 

2. The cup temperature and sample temperature were stabilized by adjusting them to 

the same level. 3. 

3. Sample temperature was checked before filling.  

4. The cup hole was covered with a finger to close the orifice.  

5. The engine oil was slowly poured into the cup, avoiding the formation of air bubbles. 

6. The test environmental temperature was stabilized by using a double-walled metal 

jacket.  

7. To prevent excess sample, the glass plate was slid over the edge of the cup and care 

was taken to avoid air bubbles forming between the glass plate and the oil during 

this process.  

8. The glass plate was removed.  

9. The finger covering the orifice was removed and the stopwatch was started. 

10.  The sample flow through the orifice is monitored and the time measurement is 

stopped when the sample flow is not flowing evenly. 

11. Both engine oils were heated to 23 to 93oC and measured viscosity via DIN Cup 4. 

12. At the end of the measurement, the data was recorded. 

5. Data 

5.1. Qualitative Data 

In this study, the viscosity change of used and non-used fully synthetic motor oils at 

different temperatures was examined. The DIN cup 4 viscometer was used in the measurements. 

Non-used Shell Helix Ultra 5W-30 engine oil was observed to be light amber in colour, clear, 

and clean. However, Shell Helix Ultra 5W-30 engine oil, which was used for 15 000 km, 

appeared darkened and opaque. The reason why used oil looks cloudy is the combustion 

residues and dirt accumulated in it. At the same time, the reason why the oil used appears to be 

a colour close to black is that it contains carbon and metal particles. 
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5.2. Quantitative Data 

The results obtained from the experiments are given in the tables below. 

Temperature 

(oC)±0.1oC 

Non-used Fully Synthetic Motor Oil Viscosity (DIN 4 

Seconds)±0.01 

23.6 32.84 

23.6 32.95 

23.6 33.24 

23.6 32.80 

23.6 31.70 

23.6 33.27 

43.0 23.71 

43.0 20.98 

43.0 19.38 

49.5 17.19 

49.5 16.39 

49.5 16.91 

68.0 15.57 

68.0 15.64 

68.0 14.84 

80.0 15.40 

80.0 14.41 

80.0 14.50 

89.5 14.24 

89.5 13.63 

89.5 13.50 

92.2 14.81 

92.2 14.09 

92.2 13.49 

Table 3. Non-used fully synthetic motor oil viscosity 
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Temperature 

(oC) ±0.1oC 

Used Fully Synthetic Motor Oil Viscosity (DIN 4 

Seconds) ±0.01 

23.6 32.04 

23.6 32.01 

23.6 31.47 

23.6 31.94 

23.6 32.69 

23.6 32.34 

45.1 16.74 

45.1 16.80 

45.1 15.96 

57.5 15.87 

57.5 15.51 

57.5 15.59 

69.2 14.31 

69.2 13.79 

69.2 14.09 

77.9 13.71 

77.9 13.86 

77.9 13.45 

87.2 14.02 

87.2 13.54 

87.2 13.27 

92.2 13.57 

92.2 13.22 

92.2 13.54 

Table 4. Used fully synthetic motor oil viscosity 

5.3. Data Analysis 

The measured DIN Seconds can be converted to kinematic viscosity value (cST, mm/s2) 

by two different methods. 
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The second method is using formula according DIN 53211; 

Where: v= Kinematic Viscosity, Centistokes (cSt) (mm2/s) 

 t= efflux time in Seconds 

v=4.57t-452/t (DIN 4mm) 

Units: Kinematic Viscosity  : 1 cSt=10-2 St= 10-6 m2/s= 1mm2/s 

 Dynamic Viscosity  : 1 mPa.s=10-3 Pa.s=1 cP=10-2 P 

 Dynamic Viscosity= Kinematic Viscosity x Density (at the same temperature) 

First method is using conversion chart; 

For example; 

t= 32,84s 

Kinematic Viscosity=v=4.57(32,84)-452/32,84 

v=136.32cSt 

Table 5. Viscosity conversion table  

 

Reference: https://www.elcometer.com/pub/media/contentmanager/content/viscosity_cups.pdf 
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In our expermient, kinematic viscosity values given in the tables were calculated using 

the formula, and the data in terms of cSt for both samples are given in the tables below. 

Temperature 
(oC) ±0.1oC 

Non-used Fully Synthetic Motor Oil Viscosity 
(DIN 4 Seconds)±0.01 

Non-used Fully Synthetic Motor 
Oil Viscosity (cSt) ±0.1 

23.6 32.84 136.3 

23.6 32.95 136.9 

23.6 33.24 138.3 

23.6 32.80 136.1 

23.6 31.70 130.6 

23.6 33.27 138.5 

43.0 23.71 89.3 

43.0 20.98 74.3 

43.0 19.38 65.2 

49.5 17.19 52.3 

49.5 16.39 47.3 

49.5 16.91 50.5 

68.0 15.57 42.1 

68.0 15.64 42.6 

68.0 14.84 37.4 

80.0 15.40 41.0 

80.0 14.41 34.5 

80.0 14.50 35.1 

89.5 14.24 33.3 

89.5 13.63 29.1 

89.5 13.50 28.2 

92.2 14.81 37.2 

92.2 14.09 32.3 

92.2 13.49 28.1 

Table 6. Viscosity values in cSt for the non-used fully synthesis motor oil  
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Temperature 
(oC) ±0.1oC 

Used Fully Synthetic Motor Oil Viscosity 
(DIN 4 Seconds) ±0.01 

Used Fully Synthetic Motor Oil 
Viscosity (cSt) ±0.1 

23.6 32.04 132.3 

23.6 32.01 132.2 

23.6 31.47 129.5 

23.6 31.94 131.8 

23.6 32.69 135.6 

23.6 32.34 133.8 

45.1 16.74 49.5 

45.1 16.80 49.9 

45.1 15.96 44.6 

57.5 15.87 44.0 

57.5 15.51 41.7 

57.5 15.59 42.3 

69.2 14.31 33.8 

69.2 13.79 30.2 

69.2 14.09 32.3 

77.9 13.71 29.7 

77.9 13.86 30.7 

77.9 13.45 27.9 

87.2 14.02 31.8 

87.2 13.54 28.5 

87.2 13.27 26.6 

92.2 13.57 28.7 

92.2 13.22 26.2 

92.2 13.54 28.5 

Table 7. Viscosity values in cSt for the used fully synthesis motor oil  
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When the obtained data were plotted according to temperature and the kinematic 

viscosity was formulated according to the trend line with the help of excel, the following 

formulas were obtained for the oils. 

Standard deviation=√
∑(𝑥𝑖−)2

𝑁−1


  xi = Individual measured values 

   = Average of measurements 

  N= Number of measurements 

 

For example; 

Temperature 

(oC) ±0.1oC 

Non-used Fully Synthetic Motor Oil 

Viscosity (DIN 4 Seconds)±0.01 

Non-used Fully Synthetic Motor (cSt) 

±0.01 

23.6 32.84 136.3 

23.6 32.95 136.9 

23.6 33.24 138.3 

23.6 32.80 136.1 

23.6 31.70 130.6 

23.6 33.27 138.5 

Table 8. Viscosity values in cSt for the non-used fully synthesis motor oil at 23.6oC 


32.84+32.95+33.24+32.8+31.7+33.27

6
 





(𝑥32.84 − ) =(32.84−32.8)2=0.0016 

(𝑥32.95 − ) =(32.95−32.8)2=0.0225 

(𝑥33.24 − ) =(33.24−32.8)2=0.1936 

(𝑥32.8𝑡 − ) =(32.8−32.8)2=0 

(𝑥31.7 − ) =(31.7−32.8)2=1.21 

(𝑥33.27 − ) =(33.27−32.8)2=0.2209 

√
∑(𝑥𝑖−)2

𝑁−1


√
∑(0.016+0.0225+0.1936+0+1.21+0.2209)

6−1


√0.3297
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The tolerance of the DIN Cup 4 viscometer=±0.01 s 

Thermometer error= ±0.1°C 

Human observation/time measurement error=±0.1 s 

Systematic uncertainty=uB 

uB=√0.012 + 0.12 

uB=0.101s 

Uncertainty of the mean= UA=
𝜎

√𝑁
 

UA=
0.574

√6
=0.23s 

Total uncertainty calculation=U=√U𝐴
2 + U𝐵

2 

U=√(0.23)2 + (0.101)2 

U=√0.0631 

U=0.25s 

Total uncertainty indicates that the measured viscosity time has a margin of error of 

±0.25 seconds. 

 

Graph 1. Non-used fully synthesis motor oil viscosity (DIN Cup4) 

 In Graph 1, trend lines are shown, which are created with the data obtained in seconds 

from the measurements made using DIN cup 4 of unused fully synthetic engine oil and by 

making conversion calculations in centistokes. It is seen that the equations of the resulting trend 

lines have a second-degree polynomial function. It is observed that the values of R² = 0.9746 

and R² = 0.9741 are quite high, that is, the model explains approximately 97.46% and 97.41% 

of the change in the dependent variable, viscosity. 

y = 0,0064x2 - 1,0026x + 52,612
R² = 0,9741

y = 0,0332x2 - 5,2955x + 241,36
R² = 0,9746
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Graph 2. Used fully synthesis motor oil viscosity for 15000km (DIN Cup 4) 

Similarly, when Graph 2 is evaluated, it is seen that the trend lines created with the data 

obtained in seconds from the measurements made using DIN cup 4 of unused synthetic engine 

oil for 15000 km and by making cycle calculations in centistokes and the equations of the 

resulting trend lines also have a second-degree polynomial function. It was observed that the 

values of R² = 0.9773 and R² = 0.9741 were again quite high, explaining approximately 97.73% 

and 97.41% of the change in viscosity, which is the model dependent variable. 

Temperature 
(oC) ±0.1oC 

Non-used Fully Synthetic Motor 
Oil Viscosity (cSt) ±0.01 

Used Fully Synthetic Motor Oil Viscosity (cSt) 
±0.01 

y = -1.4826x + 154.35 y = -1.5311x + 150.41 

10 139.524 135.099 

20 124.698 119.788 

30 109.872 104.477 

40 95.046 89.166 

50 80.220 73.855 

60 65.394 58.544 

70 50.568 43.233 

80 35.742 27.922 

90 20.916 12.611 

100 6.09 -2.7 

Table 9. The viscosity values of cSt type are in the range of 10-90oC. 

y = 0,007x2 - 1,0542x + 52,62
R² = 0,9741

y = 0,0371x2 - 5,711x + 244,22
R² = 0,9773
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Graph 3. Viscosity changes of samples in cSt range between 10-90oC 

Finally, it was observed how viscosity changes occur in the temperature range of 10-

90oC. From this graph, it is seen that the viscosity of sample engine oils decreases linearly as 

the temperature increases. 

6. Conclusion 

According to ASTM D445 standard information, suitable viscosity values for unused 

fully synthetic engine oils are specified as 66.34cSt at 40oC and 11.77cSt at 100oC. When the 

data obtained in the study are examined, it is seen that the temperature values between 23.6oC 

and 92.2oC are between the suitable viscosity values. Thus, it was observed that the 

measurements were consistent and out of range at 100oC. It was also observed that the increase 

in temperature causes the viscosity of the engine oil to decrease, which directly affects the 

performance and service life of the oil. The data has shown that both new and used full synthetic 

motor oils experience a consistent decrease in viscosity with increasing temperature. It was also 

observed that this decrease was slightly higher in used oils. This observation indicates that long-

term use of engine oil causes deterioration and makes it more susceptible to temperature-related 

viscosity loss. 

Examples of increases or decreases in viscosity include oxidation, polymerization, 

carbon buildup (soot), contaminants, antifreeze, water ingress, and/or the addition of the wrong 

type of oil. A decrease in the viscosity of engine oil as temperature increases indicates that the 

level of oxidation in the oil is increasing and it is time to change the oil. Decreases in viscosity 

can indicate fuel dilution, thermal cracking, extended oil drain periods, and again, the addition 

of the wrong type of oil. 
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These results are supported by the science of lubrication and fluid dynamics. The oil's 

ability to preserve a protective layer between components of the engine is reduced as viscosity 

decreases, increasing friction and possibly causing damage. Additionally, the data complies 

with industry standards, which advise routine oil changes to guarantee the longevity and best 

engine performance. The results aid in improving lubrication techniques, which in turn optimise 

maintenance plans and boost engine performance. 

This study aims to understand how the viscosity of engine oils responds to temperature 

changes. Compared to previous studies, the change in the viscosity of engine oils depending on 

temperature and the effect of the usage condition were examined, while others generally 

focused on the viscosity changes of oils, the effect of additives and the comparison of different 

types of oils. At the same time, temperature (°C) and the usage condition of the engine oil (used 

vs. new) were studied, while in others, factors such as temperature, pressure, oxidation time 

and additives were generally examined. Looking at the studies in terms of dependent variables, 

in this study the viscosity of the engine oil (DIN Cup 4 and kinematic viscosity - cSt) was 

examined, while in most studies additional parameters such as thermal stability, oxidation 

resistance and lubricity performance of the oil were examined in addition to viscosity 

measurement. Another difference is the viscosity measurement method. In this study, DIN Cup 

4 was used, and in other studies, Brookfield viscometer and Anton Paar dynamic rotational 

viscometers were commonly used. The result is consistent with previous scientific research in 

understanding how engine oils respond to temperature changes. This study's distinctive feature 

is its direct comparison of new and used oils, which is crucial for figuring out when to change 

engine oil. 

7. Evaluation 

A standard measurement method such as the DIN Cup 4 viscometer used in the study 

was preferred. This ensured that the experimental data was consistent and reliable. Comparing 

the viscosity changes of both new and 15,000 km used engine oils is a powerful method to 

evaluate the effect of usage time. A measurement range of 23°C to 93°C is adequate to 

comprehend how engine oil behaves in relation to temperature. Providing both directly 

measured times and viscosity values calculated with formulas enabled the results to be analyzed 

in more detail. The work advances lubrication science in academic research as well as oil 

selection in the motor vehicle sector by showing how engine oils respond to temperature 

variations. The study analyses when engine oils should be changed from a more scientific 

standpoint, which could aid in optimising vehicle maintenance plans. Temperature changes 
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might be directly calculated due to trend lines and viscosity change formulas made with Excel. 

In the future, this might open the door for the creation of prediction models for various kinds 

of oil. 

In this study, only Shell Helix Ultra 5W-30 engine oil was used as engine oil, and it may 

be useful to test oils of different brands and viscosity classes for a more comprehensive analysis. 

Likewise, only DINCup 4 was used as the measurement method, and analysis using different 

types of viscometers can increase the reliability of the results. The data was obtained in a 

laboratory environment and does not include interactions such as actual pressure inside the 

engine, fuel vapor mixture, oxidation and contamination. The results need to be verified by 

testing in real engine conditions. By examining the reasons why the engine oil used in the study 

has deteriorated (oxidation, contamination, loss of additives, etc.) and the changes in the oil 

content through detailed chemical analysis (such as FTIR spectroscopy), the results can be made 

stronger. Comparing oils used in various engine types, such as petrol and diesel engine oil, 

could yield a more thorough analysis. 

In this study, he successfully analyzed how engine oil viscosity changes with 

temperature. However, testing different engine oils, testing in a wider temperature range, using 

alternative viscosity measurement methods, testing in real engine environments and adding 

various chemical analyzes may lead to the method being improved and becoming a more 

comprehensive guide for industrial applications.  

The fact that the calculated standard deviation value (0.574) is greater than the 

uncertainty value (0.25) indicates that there may be high random and systematic errors in the 

measurements. Thus, it should be evaluated whether there are weaknesses in the methodology 

and whether the controlled variables are kept sufficiently constant. Verifications can be carried 

out with more measurements and different measurement devices to reduce uncertainty. 

Effects such as high temperature fluctuations in the real engine environment, 

degradation of additives and contact of oil with combustion by-products were not taken into 

account, and at the same time, verification was not made with various methods (Brookfield or 

Anton Paar viscometer) and was limited to the laboratory environment and the DIN Cup 4 

measurement method. 

Using different measurement techniques, measuring with changes in the working 

environment, testing different engine oils such as synthetic, semi-synthetic and mineral oils, 

examining the chemical content of the oil with various test methods, and measuring viscosity 

at different mileage intervals by changing the usage rate of the oil will expand the scope of this 

study. 
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All things considered, the study contributes to our understanding of how temperature 

changes impact engine oil viscosity. 
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