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Abstract: In this paper, the contrast therapy of skin was numerically investigated by solving the conjugate
heat transfer problem. A finite volume method based on the SIMPLE algorithm was adopted to solve the
axisymmetric incompressible Navier-Stokes equations, coupled with an energy equation. These equations are
strongly coupled with the Pennes bio-heat equation in order to consider the effect of blood perfusion rate.
We investigated the thermal response of skin at some selected depths for various input temperature profiles of
a stimulator for contrast therapy. From the numerical simulations, the regions with cold/hot threshold
temperatures were found for five input temperature profiles. It was shown that the temperature varies mildly
for different input profiles as the depth increases, owing to the Pennes effect. The input temperatures for
effective hot/cold stimulation of dermis layer were found to be 47°C and 7C, respectively. The present
numerical results will be used for finding an optimal temperature profile of a stimulator for contrast therapy.
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Table 1 Material properties of air, skin, blood"*'?

. p - Ce k

Material e T

(J -m °K ) W -m 'K )
Air 1,510 0.02
Epidermis 3,181,818 0.21
Dermis 2,846,154 0.37
Subcutaneous fat 1,975,308 0.16

Blood 3,958,500

Table 2 Dimensions of the computational domain®

Ll(mm) Lz(mm) L3(mm) L4(mm) Ls(mm) Lﬁ(mm)

5.0 30.0 0.08 1.6 11.6 13.0
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1 Schematic of unsteady simulation the
conjugate heat transfer problem
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Fig. 2 A non-uniform mesh for the computational
domain (cell : 91,500)
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Fig. 3 Various input temperature profiles
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Fig. 6 Temperature histories of skin at various depths
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Table 3 Minimum and maximum temperature of
skin for various Input temperature

depth
Omm 1mm 2mm 3mm
Case
c | m=21.40 | m=24.57 | m=26.41 | m=28.42
ase
M=37.99 | M=36.10 | M=34.94 | M=34.19
c ) m=16.40 | m=20.76 | m=23.52 | m=26.39
ase
M=42.99 | M=39.41 | M=37.93 | M=36.19
c 3 m=11.40 | m=16.94 | m=20.51 | m=24.35
a
7 [ M=47.99 | M=43.27 | M=40.91 | M=38.18
m=6.40 | m=13.12 | m=17.50 | m=22.31
Case 4
M=52.99 | M=47.14 | M=43.90 | M=40.17
m=1.40 | m=9.31 | m=14.48 | m=20.26
Case 5
M=57.99 | M=51.00 | M=46.88 | M=42.17
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