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1 Introduction

In the engineering applications, the thermal contact resistance has an important effect
of heat transfer design and operation of systems and devices. For general contact heat
transfer, as long as the geometry, mechanics and boundary conditions are known, the
steady thermal contact resistance of the interface will be “unique,” which is inde-
pendent of theoretical prediction and experimental measurement methods [1]. In
other words, for the same thermal contact resistance problem, the experimental value
and calculation value should be completely consistent. The logical starting point of
macrothermal contact resistance is single-point thermal contact resistance, which can
be simplified as series connection of thermal constriction resistance, heat conduc-
tion and thermal spreading resistance [2]. Although there were many experimental
methods for measuring thermal contact resistance, there are few experimental data
on thermal spreading (or constriction) resistance [3]. Most of the models of thermal
contact resistance have made a comprehensive analysis of the main physical mech-
anism, such as surface topography and deformation; however, the predicted results
and experimental values are still quite different, and the predicted models and numer-
ical methods are still difficult to be directly applied to engineering problems. Based
on the single-point cylinder—cylinder contact model, this paper provides a standard
method for verifying the accuracy of numerical simulation results and experimental
apparatus.
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2 Experimental Apparatus and Numerical Methodology

We have designed and set up an apparatus for measuring thermal contact resistance,
which has four subsystems: heater and cooler, loading measurement, vacuum pump
subsystem, data acquirement and process subsystem, which is shown in Fig. 1 [4].
The single-point contact specimens are stainless steel 304, and the radius ratios ¢ are
0.2,0.3,0.4,0.5 and 0.6.

A single-point geometric and physical model of a cylinder—cylinder contact is
established to study the thermal spreading (or constriction) resistance. The total
thermal contact resistance R of the single point is the sum of thermal constric-
tion resistance R., intermediate cylinder body conduct resistance Ry and thermal
spreading resistance R; that is

R =Rc+ Ra+ R (D

Because of the symmetry of the geometric model, the heat flow distribution of the
upper and lower part is also symmetrical, which means the constriction resistance
can be regarded as equal to the spreading resistance:

R. = R )

For the isoflux tube model, the dimensionless thermal spreading resistance can
be calculated as follows [5]:
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Fig. 1 Experimental model and apparatus
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The calculation method of experimental values of thermal spreading resistance is
as follows:

Ye = 0.5ky/Ac(R — Rav) (4)

For the steady-state heat conduction of a simple cylinder—cylinder body, the 2D
model and the 3D model are simulated at FLUNT platforms. We have verified the
numerical solution methods and the grid independence.

3 Results

A comparison of theoretical, simulated and experimental values of dimensionless
thermal spreading resistance under different area ratios is shown in Fig. 2. With
the increase of area ratio, the dimensionless thermal spreading resistance decreases
gradually, and the overall trend of experimental and simulation values is consistent.
The simulation results and theoretical values have little difference in the same area
ratio. The differences between simulation values and theoretical values show the
characteristics of complexity under different area ratio ¢. There are two major reasons
for the deviation between the experimental and theoretical values of dimensionless
thermal spreading resistance: (A) deviations between the experimental sample and
the theoretical model and (B) measurement error.
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Fig. 2 Comparisons of theoretical values with numerical and experimental results
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4 Conclusions

(1) Thesingle-point contact thermal resistance method can be used to “calibrate” the

precision of the test rig. Once the precision of measuring thermal contact resis-
tance is determined, the effects of heat flux, temperature distribution, surface
roughness, interface contact pressure, material properties and other factors can
be studied quantitatively.

(2) Experiments and numerical simulations show that the dimensionless thermal

spreading resistances decrease ¥ with the increase of the contact area ratio ¢,
which are consistent with the theoretical values.

(3) The measurement values of thermal contact resistance are influenced by both

macroscopic geometric model and experimental measurement error. Accurate
calibration of thermocouples and reduction of heat leak can improve the preci-
sion of experimental measurement, but the deviation between numerical solu-
tion, experimental value and theoretical value cannot be completely eliminated.
Air or other interface medium between the contact surfaces has a direct impact
on the thermal contact resistance, and in some cases, there can be an order of
magnitude difference.
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