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ABSTRACT : This paper presents an analytic method and a design technique for golf shoes with coolant
in the insole. The golf shoes are modeled using the finite element method for precision by considering the
configuration of the insole, the midsole and the outsole, which compose the golf shoes. The values of standard
human foot temperature for heat transfer boundary conditions are adopted for the FEA(Finite Element Analysis).
By the commercial FEM software for heat transfer analysis, MARC V7.3, the temperature and the amounts
of heat flux change for the insole are obtained, respectively. It can be concluded that results obtained by
FEM in the insole are different depending on the characteristic of heat transfer. The results reported herein
provide better understanding of analyzing the golf shoes. Moreover, it is believed that those properties of

the results can be utilized in the shoes industry to develop the effective design method.

Keywords : FEM(Finite Element Method), Insole, Outsole and Midsole of Shoes, Golf Shoes, Heat

Transfer Analysis
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Table 1. Mesh Generation Data

No. of Elements No. of Node
Midsole 3028 2873
Outsole 864 1492
Insole 992 1554

Table 2. Material Property
(a) Midsole & Insole [Phylon]

Temperature [°K] 293.15
Thermal conductivity [W/m.K] 0.33
Density [kg/m’] 960
Specific Heat [kl/kg - K] 2.1
(b) Outsole [Rubber]
Temperature [°K] 293.15
Thermal conductivity [W/m.K] 0.157
Density [kg/m’] 1170
Specific Heat [kl/kg - K] 2.0

(¢) Coolant [Silicon Elastomer}

Temperature [°K] 293.15
Thermal conductivity [W/m.K] 25
Density [kg/m’} 2698
Specific Heat [kl/kg - K] 0.703
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Figure 3. Heat Flux for Two-Dimension
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Figure 5. Distribution of Temperature with Coolant
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Figure 6. Distribution of Temperature without Coolant
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Figure 8. Heat Flux of z-direction with Coolant
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Figure 9. Heat Flux of z-direction without Coolant

Table 3. Heat Flux of xy-direction by Parts

HF of xy Direction(J/s)
&
Coolant No_Coolant
Upper 412.1 155.2 2.66
part 1
Lower 63.3 316 2.00
Upper 770.6 549.7 1.40
part 2
Lower 285.9 123.7 2.31
Upper 300.3 131.7 2.28
part 3
Lower 88.5 283 3.13
Upper 381.5 426.8 0.89
part 4
Lower 204.8 1157 1.77
Upper 204.8 115.7 1.77
part 5
Lower 102.8 29.5 3.48
Upper 2285.6 2310.9 0.99
part 6
Lower 653.1 503.4 1.30
Upper 4354.9 3690.0 1.18
Total | Lower 13984 8322 1.68
SUM 57533 4522.2 1.27
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Figure 10. Direction of Heat Flux
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Figure 11. Heat Flux of xy-direction by Parts
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