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Configuration of a bio-heat model for human
hand with realistic geometry based on medical
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Abstract: The human hand, due to its complex structure, varying tissue composition
across different regions such as the fingers, and its crucial role in thermoregulation and
blood circulation, exhibits unique characteristics in heat transfer. Conventional
thermoregulatory models are zero-dimensional and do not provide spatial temperature
distribution for body segments and causes the estimated skin temperature to differ
greatly from reality. In this study, a detailed and realistic three-dimensional model of
the human hand was developed using medical imaging data and anatomically accurate
tissue structures. The airflow around the hand was assumed to be unsteady, turbulent,
and incompressible, and was modeled using the Navier—Stokes equations with
Reynolds-Averaged Navier—Stokes (RANS) approach. The modeling results showed a
maximum mean absolute error of 3.8% compared to experimental data, indicating a
high level of accuracy. Under environmental conditions of 10 °C air temperature and
0.4 m/s airflow velocity, the skin temperature distribution was found to be non-
uniform. The minimum, average and maximum skin temperatures were 1.69 °C,
10.64 °C, and 20.21 °C, respectively. The lowest temperature consistently occurred in
the fingers, with the little finger exhibiting the coldest values. Therefore, the little finger
is identified as the most appropriate site for evaluating critical conditions related to cold
stress.

Keywords: Hand, Finger, Temperature distribution, Bio-heat model, Realistic
geometer
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3 Backward Differentiation Formula (BDF)

1 Reynolds-Averaged Navier-Stokes (RANS)
2 Emissivity
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