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In internal combustion engines, exhaust valve and its seat gain 

considerable temperature as the hot gases exit through them. So, 

the rate of heat transfer should be under control. In this study, the 

contact heat transfer coefficient has been estimated. An 

experimental study on an Air-Cooled internal combustion engine 

cylinder head has been considered. Using the measured 

temperatures of sensors located in specific locations of the exhaust 

valve and the seat and the method of linear extrapolation, the 

surface contact temperatures, and constant and periodic contact 

heat transfer coefficient were calculated. Also, a sensitivity 

analysis has been done to study the effects of different parameters 

of contact pressure, contact frequency, heat flux and cooling air 

speed on thermal contact conductance. The results show that 

between the major four considered parameters, the thermal contact 

conductance is more sensitive to the contact pressure, then the 

contact frequency, heat flux, and the cooling air speed are the 

most affecting parameters on thermal contact resistance. 
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1  Introduction 
In closed valves, the heat is transferred mainly to 

the seat and the cylinder head cooling system 

and in an open state of the valve, the valve stem 

is the main way to the heat transfer. Without 

proper cooling, due to contact between the 

exhaust valve and its seat and the high 

temperature of the valve, valve and its seat are 

burned and deformed. Over the times and due to 

periodic contacts, this deformation causes the 

breaking of the seat and the filler. Also, by the 

accumulation of fine material especially carbon 

at the contacting surfaces, this material operate 

like a thermal barrier and prevents the valve 

cooling. As a result, valve burning and even 

knocking and pre-ignition is created and causes 

to non-complete combustion and increasing the 

environmental pollution. Therefore, due to the 

importance of the matter, it is important to 

control the temperature of the exhaust valve at 

the contact region. Currently, there is not an 

appropriate model for predicting the heat 

transfer rate between valve and seat for internal 

combustion engines. 

Annand and Lanary [1] experimentally carried 

out a steady-state study on a simple valve. In 

their research, measurements were taken on a 

valve for the steady flow at different distances 

from the seat. Their results are quite acceptable 

and can be used for a real engine. They heated 

the valve by heater elements and it was cooled 

by the cold flow around the valve. The cooling 

system was so simple such that the total heat 

transfer rate could be calculated. Sonoda et al. 

[2] by using a heat pipe cooling method have 

carried out a good experimental study on diesel 

engine exhaust valves. Paradis et al. [3] 

investigated the heat transfer between the 

exhaust valve and seat in an aluminum air-

cooled single-cylinder engine. They introduced a 

nonlinear dynamic model for thermal gas flow 

and heat transfer in the transient and steady 

state. Prediction of thermal behavior of the 

engine using this model has been already a basis 

for stating the periodic thermal contact model. 

An important purpose of this study was to 

investigate the contact resistance at the interface 

of the exhaust valve and seat. In their research, 

there was a strong concentrate on introducing 

the details of periodic thermal resistance at the 

exhaust valve as a thermal model of the lumped 

parameter element to estimate its temperature. 

Shojaefard et al. [4, 5] have theoretically and 

experimentally studied the one-dimensional heat 

transfer at the contact surfaces of two rods that 

were coaxial. They used the linear system 

identification method to control the valve 

temperature. In this method, with the 

temperatures on both sides of the contact 

surface, the temperature of the contact region 

can be estimated theoretically. A thermal contact 

simulator was used for this purpose. Shojaefard 

et al. [6] have conducted an experimental study 

to determine the thermal contact conductance 

between two coaxial cylinders, as the exhaust 

valve and seat. In addition, the effect of contact 

frequency and contact pressure on thermal 

contact conductance were studied. The results 

showed that with increasing frequency, the 

contact heat transfer coefficient decreases. 

Mykhaylyk et al. [7] investigated the thermal 

contact at the copper-copper contacting surface 

without coatings in a vacuum environment. 

Their results showed that the thermal contact 

initially increases with increasing temperature, 

then thermal contact decreases with increasing 

temperature. Dongmei et al. [8] used the lumped 

parameter method, which is a transient and a 

non-contact method for measuring thermal 

contact resistance between two solids. It was 

concluded that the thermal contact resistance 

increases with increasing temperature. The 

contact pressure can increase the contact area, 

which can lead to reducing the thermal contact 

resistance. Shojaefard et al. [9] investigated the 

impact of contact frequency and contact pressure 

on the contact heat transfer coefficient. The 

results showed that increasing the stiffness of the 

spring or the contact pressure will increase 

dramatically the contact heat transfer coefficient. 

Motahari-Nezhad et al. [10] carried out the 

experiments aimed at analyzing thermally the 

exhaust valve in an air-cooled internal 

combustion engine for estimating the thermal 

contact conductance in fixed and periodic 

contacts. Using the methods of linear 

extrapolation and the inverse solution, the 

surface contact temperatures, and the fixed and 

periodic thermal contact conductance were 

calculated. Their results showed that the linear 

extrapolation and inverse methods have similar 
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trends, and based on the error analysis, they are 

accurate enough to estimate the thermal contact 

conductance. An adaptive neuro-fuzzy inference 

system (ANFIS) model for the prediction of 

thermal contact conductance between the 

exhaust valve and its seat has been proposed by 

Motahari-Nezhad et al. [11]. In their study, the 

capabilities of a neuro-fuzzy approach, namely 

ANFIS have been studied for estimating the rate 

of the heat transfer between the exhaust valve 

and its seat. In their study, it is shown that the 

ANFIS architecture can estimate the heat 

transfer rate between the exhaust valve and its 

seat very accurately. Shojaeefard et al. [12] 

carried out experimental investigation of thermal 

balance and valve cover heat transfer in a small 

internal combustion engine. In their study, valve 

cover heat transfer and thermal balance of an 

air-cooled engine was investigated 

experimentally. In order to carry out 

experiments, a single cylinder, air-cooled, four-

stroke gasoline engine was applied. The engine 

was installed on proper chassis and equipped 

with measuring instruments. Temperature of 

different points of valve cover and exhaust gases 

was measured with the assistance of K-type 

thermocouples. Their experiments were 

conducted in various engine speeds. It was 

evaluated that for increasing brake power, fuel 

consumption will increase and it is impossible to 

prevent upward trends of wasted energies. In 

addition, it was resulted that, there is a reduction 

heat transfer to brake power ratio by increasing 

engine speed. Furthermore, it was found that, at 

higher engine speed, lower percentage of energy 

in form of heat transfer will be lost.     

 In the present study, the experimental device 

same as the setup used in reference [10] is used 

for sensitivity analysis of different parameters 

affecting thermal contact conductance. Different 

parameters of contact pressure, contact 

frequency, heat flux, and cooling air speed have 

been studied for sensitivity analysis.   

 

2 Experimental Test Method 
The study is based on the experimental 

investigation. Most of the studies conducted by 

researchers in the field of experimental 

simulation of the thermal contact have used two 

coaxial hot and cold rods which were in periodic 

contact with each other. In this study, we have 

investigated the contact heat transfer at the 

exhaust valve and its seat in the actual geometry 

of an internal combustion engine. We have 

considered a Wave 125 motorcycle engine. In 

this study, we have investigated the engine 

without the combustion and elements are used 

for heating the exhaust valve [10].  

 

 

 A picture of the test setup for thermal contacts 

between the exhaust valve and seat before placing thermal 

insulation. a) IC engine cylinder head, b) Electric motor, c) 

Wind tunnel test section 

 

An experimental system that includes a cylinder 

head of an Air-Cooled internal combustion 

engine has been considered, which is shown in 

Figure 1. This system generally consists of two 

main parts: mechanical and electronic. Further 

details are described as follows. Various 

components of the mechanical section of the 

experimental setup for studying the thermal 

contact are shown in Figure 2. The hardware 

components and the details of the experimental 

setup can be found in reference [10]. 
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 General schematic of the experimental system for 

thermal contact study 

 

In order to evaluate the effect of contact 

frequency on the contact heat transfer, a Tamel 

S.R electric motor with a three-phase alternating 

current has been employed. The camshaft of 

internal combustion engine has been powered 

with an electric motor driven by a gear and a 

chain gear. In addition to controlling the engine 

speed, the variable frequency drive of 

VFD022B21A has been applied. To heat the 

valve, an electrical cartridge heater with a length 

of 60 mm, a diameter of 4 mm, and maximum 

power of 280 W has been used. The heater has 

been inserted in the head and inside of the valve. 

In this mode, the heater can only heat the valve 

head. Since the heater has been inserted in the 

middle of the valve, the heat flux will be 

distributed symmetrically in the valve head. K-

type thermocouples of chrome–nickel with a 

diameter of 1 mm were applied. This type of 

thermocouple has the accuracy of ±0.004 × T 

(◦C) in the temperature range of −40 ◦C to 1000 
◦C. The response time of the thermocouple is 

0.15 s [10]. 

 

 The location of thermocouples 

 

 

 The procedure for thermocouple insertion and 

exiting the thermocouple wires 

 

3  Linear Extrapolation Method 
Contact heat transfer coefficient at steady state is 

calculated by [13] 

ℎ𝑐 =
𝑞𝑐
′′

𝑇𝑐1−𝑇𝑐2
                                                     (1) 

where 

𝑞𝑐
′′ =

(𝑘
𝑑𝑇

𝑑𝑥
)𝑆𝑒𝑎𝑡+(𝑘

𝑑𝑇

𝑑𝑥
)𝑉𝑎𝑙𝑣𝑒

2
                                (2) 
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where 
𝑑𝑇

𝑑𝑥
 is the temperature distribution, k is the 

thermal conductivity and 𝑞𝑐
′′ is the flux flowing 

at the contacting surfaces.  

To obtain the surface temperature, using the 

linear extrapolation method, the temperature 

read by the thermocouples are approximated as a 

function of location and temperature distribution 

function are gained. The geometry and 

coordinates are shown in Figure 5. 

 

 

 Geometry and coordinate [10] 

4 Sensitivity Analysis 
In order to identify the input parameters that 

have the most significant influence on the 

output, a sensitivity analysis technique called 

Relative Sensitivity (SL) is used. This technique 

assesses the relative sensitivity level of an 

independent variable (input parameter) on a 

dependent variable (output quantity), averaging 

across the levels of the other independent 

variables. In this paper, sensitivity analysis is 

done on four inputs and only one output 

parameter. The sensitivity level is calculated as 

[14] 

𝑆𝐿𝑖 =
𝑁𝑎𝑙−𝑁𝐵𝑎𝑠𝑒

𝑁𝐵𝑎𝑠𝑒
×100                                (3) 

where 𝑁𝐵𝑎𝑠𝑒 is the average of the dependent 

parameter along the calculating node based on 

the base value of the desired parameter, 𝑁𝑎𝑙 is 

the average of that dependent parameter along 

the calculating node which is defined according 

to the percentage of the change in the 

determined parameter. Also, 𝑆𝐿𝑖 is the 

sensitivity level of the ith parameter. The other 

input parameters are fixed. The input parameters 

are discussed following. 

To determine the sensitivity of the input 

parameters on the output parameter, the input 

parameters have been increased to 1, 2 and 3 

percent and the effects of this changing have 

been investigated on the dependent parameter 

(thermal contact resistance) and the relative 

sensitivity has been calculated using equation 3.  

 

5  Results and discussion 
A sample of data acquired from the beginning of 

the test to reach the steady state for fix and 

periodic contact between the exhaust valve and 

seat with a frequency of 210 rpm according to 

the geometry shown in figure 5 are shown in 

Figures 6 and 7, respectively. 

 

 

 Temperature distribution for fix contact 

 

 Temperature distribution in the valve and its seat 

for periodic contact with frequency of 210 rpm 

By using the extrapolation method, the 

temperatures of contacting surfaces are 

calculated and the samples for fix and 
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periodic contact of 210 rpm are shown in 

Figures 8 and 9, respectively. Also, the 

average surface temperature at any given 

moment is defined as follows: 

𝑇𝑎𝑣 = (
𝑇𝑐1+𝑇𝑐2

2
)                                                (4)                               

 

 

 The temperature of the contact surfaces for fix 

contact 

 

 Temperature of contact surfaces for periodic 

contact with frequency of 210 rpm 

The average temperature changes versus 

time for fix contact and periodic contact with a 

frequency of 210 rpm are shown in figure 10. 

According to the figure 10, it is seen that at the 

beginning of the experiment in which the 

temperature of both rods is low, the average 

temperature is low too, then the average 

temperature increases until reaching a quasi-

steady state. The temperature distribution in the 

exhaust valve and seat for fix constant and 

periodic contact after reaching a quasi-steady 

state is shown in figure 11. It is seen that in the 

contact region the temperature decreases due to 

an increase in the thermal contact resistance. 

Also, It can be seen that in periodic contact, the 

valve temperature increases, which is attributed 

to reducing in contacting time between the valve 

and the seat, which results that the contact time 

decreases and its temperature increases. The 

variation of temperature distribution in the valve 

and its seat in locations of thermocouples at 

various times depending on the placement of 

thermocouples for fixed and periodic contact are 

shown in figures 12 and 13, respectively. As it 

can be seen the temperature gradient in valve is 

higher than the seat, and the temperature 

gradient in periodic contact is more than fix 

contact, because due to the periodic contact, the 

valve and seat are not in contact with each other 

consequently, and all flux will not be transferred 

from the valve to the seat. 

 

 

 The average temperature at contacting surfaces 

for fix and periodic contact with frequency of 210 rpm 
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 Temperature distribution in the vicinity of the 

contact surface for fix and periodic contact with frequency of 

210 rpm 

 

 Temperature distribution in non-steady state in 

the exhaust valve and seat for fix contact 

 

 

 Temperature distribution in a non-steady state in 

exhaust valve and its seat for periodic contact with frequency 

of 210 rpm 

 

 Thermal contact conductance for periodic contact 

with frequency of 210 rpm 

 

 Heat flux changes between surfaces versus time 

for periodic contact with frequency of 210 rpm 

 

 

 

Thermal contact conductance changes versus 

time are shown in figure 14. This coefficient is 

low at the beginning of the experiment and then 

increases gradually to reach a quasi-steady state. 

Despite filtering the temperatures as inputs to 

the analysis, there are small fluctuations in the 

coefficient of thermal contact and they are due 

to non-uniform heat flux due to periodic contact 

and also due to errors in the experimental data. 

Heat flux changes between surfaces versus 

time for fix and periodic contact with a 

frequency of 210 rpm is shown in figure 15. 

For doing the sensitivity analysis, in this study, 

the input parameters are the contact pressure, 

contact frequency, heat flux between the exhaust 

valve and its seat and the cooling air speed. The 

only output parameter for sensitivity analysis is 

the thermal contact conductance (TCC). Table 1 

shows the relative sensitivity amount of the 

thermal contact conductance (TCC) based on the 

changing in the input parameters. Also, Figs. 16-

18 show the variation of the relative sensitivity 

versus different input parameters for 1, 2 and 3 

increment percentage of input parameters, 

respectively. 

 
Table 1. The relative sensitivity analysis (SL) of 

different input parameters 
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            The increment percent 

 

Input parameter 

1% 2% 3% 

Contact pressure 25.65 56.24 87.53 

Heat flux 1.88 3.55 6.27 

Contact frequency 3.57 7.86 11.64 

Cooling air speed 0.55 0.72 1.93 

 

 

According to table 1 and figures 16-18, the 

contact pressure is the most sensitive parameters 

to TCC. After it, the contact frequency, heat 

flux, and the cooling air speed are the most 

sensitive parameters on TCC, respectively. So, 

when considering the TCC close attention 

should be done on the level of importance of the 

affecting parameters. 

 

 

 The relative sensitivity of the input parameters 

(1% increment)  

 

 The relative sensitivity of the input parameters 

(2% increment)  

 

 

 

 

 

 The relative sensitivity of the input parameters 

(3% increment)  

 

 

6 Conclusion 
In this study, the experiments were performed 

with aim to thermal analyze the exhaust valves 

in an Air-Cooled internal combustion engine of 

Wave 125 and to estimate the thermal contact 

conductance in periodic contact made. Due to 

the nature of internal combustion engines, the 

duration of contact between the valve and the 

seat is too short and too much time is necessary 

to reach quasi-steady state in periodic contact of 

the valve and its seat.  

Finally, sensitivity analysis has been carried out 

on four important parameters that affect the 

thermal contact resistance. The results show that 

the contact pressure is the most sensitive 

parameter on TCC. After that, the contact 

frequency, heat flux, and the cooling air speed 

are the most sensitive parameters on TCC, 

respectively. 
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Nomenclature 

ℎ𝑐     thermal contact conductance, W/m2 K 

𝑘                     thermal conductivity, W/m K 

𝑞                                        heat flux, W/m2 

𝑇                                      temperature, K 

𝑅                                         result function 

𝑥                                independent variable 

𝑊                                              uncertainty 

Subscripts 

𝑐                                                        contact 
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