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ABSTRACT 

Contact thermal resistance is an important indicator of the efficiency of heat transfer between contact interfaces. 

The contact thermal resistance between the interfaces of superalloy GH4169 in high temperature was investigated by 

using ANSYS. The real surface morphology of superalloy was obtained with optical microscope, and its surface model 

was reconstructed in ANSYS. Based on the theory of structural mechanics, the elastoplastic deformation of the micro-

structure of the contact interface is simulated, and analyzed and obtained the contact thermal resistance between contact 

interfaces. The effect of interface temperature on the radiative heat transfer between the contact interfaces was studied. 

At the same time, the impact of radiation heat transfer between contact interfaces in high temperature is considered. 

Finally, it was tested by using an experimental test device. The result show that the maximum deviation between the 

contact thermal resistance and the contact thermal resistance was 12.60%, and the contact thermal resistance between 

superalloy interfaces decreases with the increase of interface temperature and contact pressure; the contact interface 

temperature difference increases first and then decreases with the increase of interface temperature. 
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1. Introduction 
High-temperature interface contact heat transfer phenomena are 

widely found in fields of aerospace, energy power, iron and steel met-
allurgy and chemical industry, in high-temperature equipment such as 
space vehicles, nuclear reactors, internal combustion engines and coal 
gasification reactors. The contact thermal resistance exists between the 
contact interfaces of these heat exchange devices, and the presence of 
contact thermal resistance hinders the heat transfer. Therefore, contact 
thermal resistance is an important thermal property parameter that is of 
great importance in the scientific fields of defense, energy and materi-
als. 

The main methods for obtaining contact thermal resistance are 
theoretical predictions, numerical simulations and experimental meas-
urements[1,2]. For theoretical prediction, the main approach is to perform 
theoretical analysis by building multi-point contact models for rough 
contact surfaces. Greenwood[3] proposed a method to calculate the con-
tact thermal resistance as the total effect of the thermal resistance of all 
contact points in parallel, which have an assumed surface height distri-
bution at the interface. Cooper et al.[4] proposed a similar prediction 
method to extend the assumption of a single cylindrical contact to mul-
tiple contact points by obtaining the distribution of roughness from sur-
face morphometry. Liu and Zhang[5] proposed a finite element model 
based on a multi-point contact model to predict the contact thermal re- 
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sistance under high temperature conditions. For 
numerical models, methods mainly are finite ele-
ment methods, finite difference methods and lattice 
Boltzmann methods etc. Cui et al.[6] established a 
multi-scale joint numerical simulation. By combin-
ing the lattice Boltzmann method with the tradi-
tional finite difference method, the heat trans-
fer between two rough surfaces is calculated. Fang 
et al.[7] predicted the contact thermal resistance of 
interfaces with different interstitial media and con-
sidering radiation effects by a spliced multi-block 
Boltzmann method. Gou et al.[8] and Dai et al.[8] 
proposed contact thermal resistance prediction 
models based on actual surface topography and an-
alyzed the effect of contact pressure and tempera-
ture on contact thermal resistance respectively. Xian 
et al.[10] investigated the effect of synergistic inter-
action between heat conduction and near-field 
thermal radiation at the contact interface on the 
contact thermal resistance at room temperature. 
Yang et al.[11] investigated the interfacial thermal 
resistance between graphene and polymer materials 
using molecular dynamics methods. As for experi-
mental measurements, the contact thermal re-
sistance can be measured using high-precision in-
struments with the heat flux method[12,13]. A large 
number of studies have been conducted to analyze 
the contact thermal resistance, but most of the mod-
els are mainly for the medium and low temperature 
environments, thus ignoring the effect of radiative 
heat transfer from the contact gap on the interface 
heat transfer. In the high temperature case, it is clear 
that the radiative heat transfer at the interface can-
not be neglected. Although the effect of radiation at 
the interface on the contact thermal resistance was 
considered[7,9], the estimates made assume the con-
tact interface as a radiative heat transfer between 
two smooth planes, which is obviously different 
from the actual interface contact. Therefore, it can-
not elucidate the actual thermal radiation effect on 
the whole heat transfer process. 

The interface contact thermal resistance is in-
fluenced by various factors, such as temperature, 
contact pressure, surface topography, material 
properties, etc., and the mechanical and thermal 
properties of the material change significantly at 
high temperatures compared to room temperature, 

so the study of the interface contact thermal re-
sistance at high temperatures is particularly im-
portant. In this paper, we constructed a realistic mi-
cro-morphological model of the contact interface 
for the high temperature alloy GH4169, analyzed 
the heat transfer process (thermal conductivity, ra-
diation) at the contact interface, and numerically 
simulated the contact mechanical process and heat 
transfer process at the contact interface of the sup-
eralloy by ANSYS to obtain the contact thermal 
resistance. Finally, the accuracy of the theoretical 
model was verified by conducting experimental 
tests using a high temperature contact thermal re-
sistance test device. 

2. Numerical simulation of contact 
thermal resistance 

2.1 Calculation model 

The high temperature alloy GH4169 is com-
monly used in high temperature environments such 
as aerospace and nuclear reactors. Some of the 
physical parameters of this material are shown in 
Table 1. Due to the wide range of temperature vari-
ations studied in this paper, the material’s physical 
parameters are defined to be temperature dependent. 
In order to accurately simulate the contact of the 
high temperature alloy interface, the 3D model data 
for the numerical simulation in this paper are creat-
ed with the morphological parameters of the actual 
rough surface. The three-dimensional surface mor-
phology of the two rough contact surfaces of the 
high-temperature alloy was measured separately 
with a scanning laser confocal microscope model 
OLS-4100. The coordinate height matrix z = z (x, y) 
of the surface profile was obtained by scanning the 
surface, where the scanning spacing in the 
x-direction and y-direction was Δx = Δy = 10 μm. 
Then the coordinate point matrix data is imported 
into ANSYS using the APDL command stream in 
ANSYS software, and through its bottom-up mod-
eling process, the points, lines, surfaces, bodies are 
generated step by step to construct the numerical 
computation model shown in Figure 1, which has 
the dimensions of 1,000 μm × 1,000 μm × 2,010 μm. 
The surface roughness of the two contact interfaces 
are 1.26 and 1.18 μm respectively. 
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Table 1. Physical parameters of superalloy GH4169[14] 
Temperature t/℃ Thermal conductivity λ/(Wꞏm-1ꞏK-1) Modulus of elasticity E/GPa Poisson’s ratio μ 
20 13.4 205 0.30 
100 14.7 201 0.30 
200 15.9 193 0.30 
300 17.8 187 0.30 
400 18.3 181 0.31 
500 19.6 175 0.32 
600 21.2 168 0.32 
700 22.8 160 0.33 
800 23.6 151 0.33 
900 27.6 141 0.34 
1,000 30.4 129 0.34 

 
Figure 1. Numericalcalculationmodel. 

2.2 Numerical methods and boundary condi-
tions 

2.2.1 Mechanical control equations 

(1) Elastic stress—strain equation[15] 
For an elastomer, the stress-strain in the elastic 

phase follows the equation of Hooke’s law: 

 
 (1) 

Where: 𝜎 𝑖 𝑥, 𝑦, 𝑧  is the positive stress, 
𝐷  is the elastic strain matrix, 𝜀  is the elastic 

strain. For isotropic materials equation (1) can be 
extended as: 

 

(2) 
Where :  𝑚 ,  𝑛 ;  𝜏  i s  the 

shear stress; E is the modulus of elasticity; 𝜈 is the 
Poisson’s ratio; 𝛾  is the shear strain. 

(2) Plastic stress—strain equation[15] 
The classical metal plasticity model is used to 

 
solve the plastic deformation problem. Where the 
mechanical strain is decomposed into an elastic part 
and a plastic (inelastic) part, and the equation is: 

 
                                       (3) 

Where: 𝜀  is the total mechanical strain, 𝜀  

is the plastic strain, and 𝜀  is the elastic strain. For 

metallic materials in the plastic strain phase it fol-
lows the generalized Hooke’s law. Thus the rela-
tionship between the stress increment and the strain 
is: 

 

(4) 

  

(4) 
Where: 𝐷  is the elastic-plastic strain matrix; 

𝐷  is the plastic strain matrix, which can be ex- 

pressed by equation (6): 

 
(5) 

Where: 𝐸  is the plastic modulus, 𝐸 , 

𝐸 , 𝐸  is the slope of the stress-strain curve 

in the plastic phase; σs is the elastic-plastic stress; G 
is the shear modulus; S is the deflective stress ten-
sor can be expressed by equation (7): 

 

 (6) 

 
 (7)
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2.2.2 Heat transfer control equations 

(1) Heat conduction control equation[16] 

 
 (8) 

Where: ρ and c are the density and specific 
heat capacity of the material respectively; 𝑞 is the 
internal heat source; λ is the thermal conductivity of 
the material, and its a function of temperature. In 
the model studied in this paper is a steady-state 
model without internal heat source, so for the inter-
nal heat conduction of the material the controlling 
equation is: 

 
(9) 

(2) Heat transfer at the contact interface 
Usually, the incomplete contact at the contact 

interface will form a contact gap, which is filled 
with air or other media, and therefore it will affect 
the heat transfer through the contact gap. Since the 
test sample is under high vacuum in this paper, the 
effect of gas heat transfer in the contact gap can be 
ignored. The heat transfer process at the contact 
interface is shown in Figure 2, where the heat is 
transferred by heat conduction at the contact point 
and by heat radiation at the contact gap. 

 
Figure 2. Schematic diagram of heat transfer at the contact 
interface. 

The energy control equation at the contact in-
terface is 

 

(10) 

Where, 𝑞  is the radiative heat transfer 
through the contact interface. In this paper, we use 
the light energy transfer solver in ANSYS software 
to model the radiation and thus solve the radiative 
heat transfer between the surfaces[17]. The radiant 
energy absorbed by surface i is 

 
(11) 

Where: Ai is the area of surface i, 𝑞 ,  is the 
radiant heat flux absorbed per unit area of surface i, 
Aj is the area of surface j, 𝑞 ,  is the radiant heat 
flux per unit area of surface j, Fji is the angular co-
efficient from the surface j to the surface i, N is the 
number of radiating surfaces in the contact gap. 
From the reciprocal relation of the angular coeffi-
cients it follows that: 

 

(12) 
Substituting equation (13) into equation (12) 

yields the radiant heat flux absorbed per unit area of 
surface i: 

 
(13) 

Surface i radiant heat flow to the outside: 

 

(14) 
Where: 𝑞 ,  is the radiant heat flux radiated 

outward from the surface i, 𝜀  and 𝜌  are the 
emissivity and reflectivity of surface i, 𝜎  is 
Stephan-Boltzmann constant. Organizing equation 
(15) yields 

     
                                      (15) 

Therefore, a series of linear equations can be 
constructed by equation (16) to calculate the radiant 
heat flux of each surface, and equation (16) can be 
written as 

   out ,ij j iA q E     
 (16) 
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Where: 𝐴 𝛿 1 𝜀 𝐹 , 𝐸 𝜀 𝜎𝑇 . 

Since the radiative heat transfer is related to the 
temperature of the temperature surface, it is neces-
sary to solve the thermal radiation matrix (equation 
(17)) iteratively. By solving the heat radiation ma-
trix, the radiant heat flux outward from each surface 
can be obtained 𝑞 , . That is, the net radiant heat 
exchange for any one surface can be calculated 
𝑞 , : 

rad, out , in , out , out ,
1

N

i i i i ij j
j

q q q q F q


   
 

 (17) 

2.2.3 Boundary conditions 

In this paper, the static contact mechanics 
analysis and heat transfer analysis of the high tem-
perature alloy contact interface are performed using 
ANSYS finite element software. The contact ther-
mal resistance between interfaces is calculated with 
equation (19): 

high low c
T TT

R
q q


 

 
 (18) 

Where: R is the contact thermal resistance, 
∆𝑇  is the temperature difference between high and 
low temperature interfaces, q is the average heat 
flow through the contact interface, Thigh and Tlow are 
the arithmetic mean temperatures of the high and 
low temperature interfaces respectively. 

The boundary conditions for the mechanical 
analysis and heat transfer calculation are shown in 
Figure 3. In order to simulate the variation of the 
contact interface of the high-temperature alloy un-
der different pressures, it is therefore necessary to 
impose corresponding fixed constraints on the 
model. Displacement constraints 𝑢 𝑢 0  
are applied to each surface around the upper and 
lower models in the x and y directions respectively, 
while displacement constraints 𝑢 𝑢 𝑢
0  are applied to the lower surface of the lower 
model in the x, y, and z directions respectively, to 
ensure that the entire model has displacement de-
grees of freedom only in the z direction, and finally 
the corresponding pressure p is applied on the upper 
surface of the upper model. 

 
Figure 3. Boundary conditions. 

Solving the contact deformation problem in 
ANSYS is highly nonlinear and requires an iterative 
solution. The structural mechanics units used in this 
numerical model are SOLID185 and SOLID186 
units. The SOLID185 cell is an 8-node hexahedral 
mesh, which is a low-order cell and is used for gen-
eral 3D model meshing. SOLID186 cell is a 
20-node hexahedral mesh which is a high-order cell. 
It can be used for structures with irregular shapes, 
complex stress distribution or deformation, and 
can be used for the transition between hexahedral 
and tetrahedral meshes, so the SOLID186 cell is 
selected for meshing at the contact interface. The 
contact pairs are TARGE170 and CONTA174 cells, 
which can be used for 3D face-to-face contact. The 
contact pair contact detection in the contact inter-
face is done with Gaussian integration method, and 
the contact algorithm is an extended Lagrangian 
method, which uses penalized updates of the itera-
tive sequence. The contact stiffness is calculated 
automatically by the ANSYS solver based on the 
shape of the contact finite element. 

In order to obtain the heat flux at the contact 
interface, a given constant temperature T1, T2 is ap-
plied to the upper surface of the upper model and 
the lower surface of the lower model respectively, 
so that the whole model has a certain temperature 
gradient, while each surface in the contact gap is set 
as a heat radiating surface and the remaining sur-
rounding surfaces are adiabatic. 

3. Experimental study of contact 
thermal resistance 

3.1 Experimental test system 
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In order to verify the accuracy of the numerical 
simulation, a test device was used to measure the 
real contact thermal resistance of the high tempera-
ture alloy contact pair in vacuum. The system and 
test method for the experimental measurements 
were adopted[13] for the high temperature contact 
thermal resistance test system. 

The system diagram of the test is shown in 
Figure 4, which mainly includes: pressure loading 
device, circulation cooling system, vacuum system, 

data acquisition system, high temperature heater, 
high temperature thermal shield. In order to avoid 
measurement errors caused by gas convection in-
side the chamber, the entire test chamber is under 
high vacuum (vacuum less than 10-3 Pa) due to the 
many factors affecting the contact thermal re-
sistance. The high vacuum environment also pre-
vents the oxidation of the test sample at high tem-
perature, which may generate an oxide film at the 
interface and affect the test results. 

 
Figure 4. Test test system and high temperature vacuum test chamber internal diagram. 

 

Figure 5. Schematic diagram of measurement of high temperature thermal contact resistance. 

3.2 Experimental measurement principle 

The measurement principle of the test system 
is based on the one-dimensional steady-state meth-
od, and the measurement principle is shown in Fig-
ure 5. According to the definition of the thermal 

resistance equation, the contact thermal resistance 
of the contact interface is 

c

r

T
R

q




 
 (19) 

Where: R is the contact thermal resistance, 
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∆𝑇  the contact interface temperature difference, qr 
is the heat flow through the contact interface. 
Where the contact interface temperature difference 
∆𝑇  is measured by an infrared thermal imaging 
camera, which observes the contact interface of the 
high temperature alloy by opening a sapphire win-
dow in the vacuum chamber. Heat flow qr is meas-
ured by using a standard tungsten material heat flow 
meter. From the one-dimensional thermal conduc-
tivity Fourier equation: 

r
r r

d

d

T
q

x
  

 
(20) 

Where: qr is the heat flow through the heat 
flow meter, 𝜆  is the thermal conductivity of the 
heat flow meter, dTr/dx is the temperature gradient 
over the heat flow meter. 

3.3 Experimental measurement error 

According to the measurement principle, the 
main factors affecting the accuracy of the contact 
thermal resistance test are: the temperature differ-
ence at the contact interface ∆𝑇 , the measurement 
temperature on the heat flow meter Tr, the position 
of the thermocouple on the heat flow meter xr, the 
thermal conductivity of the heat flow meter material 
𝜆 , and the heat loss of the system qloss. The errors 
are analyzed separately and the measurement errors 
of the measurement system can be obtained by the 
error transfer equation: 

c r r r

22 2 2 2

loss 
2 2 2 2

c r r r

T T xR
U U U U qU

R T T x q



    

            
 (21) 

The errors in equation (22) are shown in Table 
2, so the measurement error of the test system is 
less than 15%. 

Table 2. Distribution of errors[13] 

Error items 

Thermal con-
ductivity error 
of heat flow 

meter 
𝑼𝝀𝐫

𝝀𝐫
/%

Thermocouple 
temperature er-
ror 𝑼𝜟𝑻𝒓

/𝜟𝑻𝒓  

Thermocouple 
position error 

𝑼𝒙𝒓
/𝜟𝒙𝒓  

Thermal imaging 
camera tempera-
ture error 

𝑼𝜟𝑻𝒄
/𝜟𝑻𝒄  

System heat 
loss error 
𝒒loss/𝒒  

Overall 
system error 
𝑼𝑹/𝑹  

Design Rel-
ative Error 

5.00 7.80 3.30 5.00 10.00 14.98 

4. Results and discussion 

4.1 Comparison of numerical simulations 
and experimental measurements 

Numerical simulations and experimental 
measurements were carried out for the high temper-
ature alloy GH4169 material at different tempera-
tures and pressures. The results of numerical simu-
lations and experimental measurements are shown 
in Figure 6, where the pressures are 0.1, 0.2, 0.4, 
0.6 MPa, and the interface temperature is 100–
1000 ℃. The interface temperature is equal to the 
arithmetic mean temperature of the upper and lower 
contact interfaces. The relative error in Figure 6 is 
defined as: 

Experimental Measurement  Numerical Simulation
100%

Experimental Measurement


  

From Figure 6, the contact thermal resistance 
calculated by numerical simulation is 2.12
10 ~2.77 10 𝑚 ∙ 𝐾 ∙ W , and the contact 
thermal resistance measured experimentally is 
2.29 10 ~3.03 10 𝑚 ∙ 𝐾 ∙ W .  The re- 

 
sults of the numerical simulation and the experi-
mental measurement data have basically the same 
trend, and the maximum relative error between 
them is 12.60%, which is smaller than the meas-
urement error of the experimental measurement 
system (15.00%), so the results of the theoretical 
simulation are reliable. A comparison of Figure 6 
shows that the relative error between the two at the 
same pressure tends to increase with the increase of 
temperature. This is due to the fact that as the 
measurement temperature increases, the heat loss in 
the experimental test system increases at high tem-
perature measurement conditions, resulting in a 
smaller actual measured heat flow rate, which leads 
to an increase in the error between the experimental 
measurement and the theoretical simulation. How-
ever, the maximum error between the two is still 
within the measurement error of the test system. 
Regarding the variation of heat loss in the experi-
mental test, the relationship between the radiation 
heat loss and temperature was investigated[18], 
showing that the effect of radiation heat loss be-
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comes more obvious as the temperature increases 
and that the use of a heat shield reduces the heat 
loss. At the same time, the relative error between 
the two tends to decrease gradually as the pressure 
increases. This is due to the fact that when the 

pressure increases, the influence of other factors on 
the contact thermal resistance is limited, making the 
pressure the main factor affecting the contact ther-
mal resistance. 

 
Figure 6. Numerical simulation and experimental measurement results. 

4.2 Effect of interface temperature on high 
temperature contact thermal resistance 

In this paper, we discuss the effect of interface 
temperature and contact pressure on contact thermal 
resistance. Figure 7 shows the contact thermal re-
sistance of the contact pair of high temperature al-
loy GH4169 at different interface temperatures and 
contact pressures. 

As shown in Figure 7, the contact thermal re-
sistance decreases with the increase of the contact 
interface temperature at the same pressure. There 
are two main reasons for this phenomenon. On the 
one hand, it is related to the temperature depend-
ence of the material mechanical properties of the 
high temperature alloy. From Table 1, it can be 

found that the modulus of elasticity of high temper-
ature alloy GH4169 decreases gradually with the 
increase of temperature, so that even at the same 
pressure, the increase of the interface temperature 
leads to a larger deformation of the contact point on 
the contact interface and thus generates more con-
tact area, so that more heat can be transferred 
through the contact surface in the form of heat 
conduction, thus reducing the contact thermal re-
sistance. Figure 8 and 9 shows the variation of the 
actual contact area 𝐴  with different temperatures. 
In Figure 9, 𝐴 /𝐴 is the ratio of the actual contact 
area 𝐴  to the nominal contact area 𝐴. It can be 
seen that the actual contact area increases as the 
interface temperature increases, and the tendency to 
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increase is accelerated at high temperatures. 

 

Figure 7. Influence of interface temperature and pressure on 
thermal contact resistance. 

 

Figure 8. The relationship between actual contact area and 
temperature (p = 0.6 MPa). 

 

Figure 9. The percentage of actual contact area to nominal 
contact areavaries with temperature. 

Another aspect of the effect of temperature on 
the thermal contact resistance is due to the increase 
in thermal conductivity of the high temperature al-
loy material due to the increase in temperature, as 
shown in Table 1, and it is related to the enhanced 
radiative heat transfer between the contact interfac-

es. Figure 10 illustrates the variation of the propor-
tion of radiative heat transfer at the contact interface 
in the total heat transfer with the change of interface 
temperature at pressure 0.6 MPa. It can be found 
that as the interface temperature increases, the pro-
portion of radiative heat transfer to the total heat 
transfer gradually increases, which leads to an in-
crease in the total heat transfer at the interface, re-
sulting in a decrease in the interface temperature 
difference. Figure 11 shows the variation of the 
contact interface temperature difference with the 
change of interface temperature. The interface tem-
perature difference increases with the increase of 
the interface temperature when the temperature is 
100–600 °C. When the interface temperature ex-
ceeds 700 °C, a turning point occurs, and the inter-
face temperature difference decreases with the in-
crease of the interface temperature. This is due to 
the fact that when the temperature is below 700 °C, 
the radiation heat transfer accounts for less than 10% 
of the heat transfer, and the radiation effect on the 
total heat transfer is not obvious at this time, so the 
interface temperature difference is gradually in-
creasing. When the interface temperature ex-
ceeds 700 °C, the effect of radiation becomes more 
significant and the decrease in mechanical proper-
ties of the material analyzed earlier leads to an in-
crease in the contact area, which in combination 
increases the total heat transfer at the interface, de-
creases the temperature difference at the contact 
interface, and decreases the contact thermal re-
sistance. 

 

Figure 10. Variationtrend of radiation heat transfer with inter-
face temperature. 
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Figure 11. Interface temperature variation. 

4.3 Effect of contact pressure on high tem-
perature contact thermal resistance 

As shown in Figure 7, the contact thermal re-
sistance decreases with the increase of contact 
pressure at the same interface temperature. This 
phenomenon can be explained in terms of material 
mechanics. The deformation of the material, no 
matter elastic or plastic, is positively related to the 
pressure on the material, so that the deformation of 
the interface increases as the contact pressure in-
creases, and thus the actual contact area increases. 
Figure 12 shows the distribution of the actual con-
tact area on the contact surface at different contact 
pressures, which clearly shows that the actual con-
tact area increases as the contact pressure increases. 
Figure 13 shows the variation of the ratio between 
the pressure and the actual contact area 𝐴  and the 
nominal contact area 𝐴. It can be seen that the rela-
tionship is approximately linear, which is consistent 
with the findings of Carbone et al.[19]. 

  

Figure 12. The relationship between actual contact area and 
pressure. 

 

Figure 13. The percentage of actual contact area to nominal 
contact area varies with pressure. 

5. Conclusion 
(1) Based on the material of high temperature 

alloy GH4169, a numerical model of the mechanics 
and heat transfer at the contact interface under high 
temperature conditions was established and tested, 
and the numerical simulation results were nicely in 
agreement with the experimental test results, which 
proved the accuracy of the numerical model. 

(2) The contact thermal resistance decreases 
with the increase of interface temperature under 
high temperature conditions. On the one hand, it is 
due to the decrease of the mechanical properties of 
the material caused by the increase of temperature, 
which leads to the increase of the actual contact 
area. On the other hand, the thermal conductivity of 
the studied materials increases with increasing 
temperature, while the thermal radiation effect at 
the contact interface is enhanced at high tempera-
tures, which facilitates the heat transfer between the 
contact interfaces. The contact thermal resistance 
decreases with increasing contact pressure because 
higher pressure helps to increase the actual contact 
area and thus enhances the heat transfer between the 
contact interfaces. 

(3) The temperature difference at the contact 
interface of a high temperature alloy increases with 
the increase of the interface temperature and then 
tends to decrease after reaching a certain tempera-
ture, which is worth noting for the design of high 
temperature thermal protection. 
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