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GENERALIZED FINITE DIFFERENCE METHOD FOR BIOHEAT
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Abstract Bioheat transfer analysis is widely used in clinical medical treatment and diagnosis, such as cryosurgery, tumor
hyperthermia, disease diagnosis and so on. The presence of a tumor inside healthy skin tissues makes the temperature
increment in the vicinity of the tumor. This characteristic is often used to detect tumor growth in skin tissue. Therefore
it is necessary to do some numerical investigation on bioheat transfer analysis. Considering the skin tissue containing
tumor, a novel meshless collocation method-generalized finite difference method (GFDM) is applied to Pennes bioheat
equation, which can be used to describe the heat transfer process of the skin tissue containing tumors. Based on Taylor
expansion and moving least squares method, the derivative of physical quantity at each discrete node can be expressed
by the linear combination of physical quantities and weight coefficients at several adjacent nodes in the GFDM. Then the

linear system of equations is constructed with the unknown physical quantities at discrete nodes. The proposed method not
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only has the advantages without mesh and numerical integration, but also overcomes the problem of highly ill-conditioned
resultant matrix in most meshless collocation methods. It provides a possibility for the application of this kind of methods
in large-scale engineering numerical calculation. The GFDM numerical model for simulating the bioheat transfer process
in skin tissue with tumors is first introduced. Then the numerical accuracy and convergence of the GFDM are verified
through some benchmark examples with/without regular-shaped tumors. Finally the effects of the arbitrary-shaped tumor

including the location, geometry and size on the thermal behavior inside the skin tissue are investigated.
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Table 1 Parameters of Pennes equation

N NN

Parameters Skin tissue Tumor tissue
P(ov) 1000 kg/m?* 1000 kg/m?
c(cp) 4000 J/(kg -°C) 4000 J/(kg -°C)
k 0.5 W/(m -°C) 0.55 W/(m -°C)
1) 420 W/m?® 4200 W/m®
wy 0.000 5 m?/s 0.002 m?/s
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Table 2 Numerical comparisons in Example 1

COMSOL GFDM

maximum maximum

DOFs DOFs

relative error relative error

332 3.37x 107 380 1.05x 10~
1317 1.74 x 107 1250 1.14x 107
8076 1.39x 107 7889 1.23x107*
23753 1.43 x 10~ 20 657 1.18 x 10~
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Table 3 Effect of time steps on numerical results
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Time step/s & ]

relative error

50 1.04 x 10~ 6.77 x 1073
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Table 4 Comparisons of relative error by using
uniform and scattered nodes

Maximum relative error

DOFs
uniform nodes scattered nodes
380 1.05x 107 3.34x 107
1250 1.14 x 10~ 5.77x107*
7889 1.23x 1074 7.45x107*
20 657 1.18 x 1074 249 x 107*
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Table 5 Numerical stability in Example 2

Cube Sphere
maximum maximum
DOFs . DOFs .
relative error relative error
2789 1.22x 1073 3159 2.61 x 1073
9012 5.68 x 107* 9342 333x 107
20763 424 x107* 21021 2.01 x 107
67761 1.36 x 107 67779 5.86 x 107
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Table 6 Effect of &£ on numerical results

Threshold Maximum relative error
& cube(9012) sphere(9342)
1072 8.69 x 10~ 8.48 x 107
103 5.68 x 107 3.33x 107
107 4.84x107* 258 x 107*
1073 2.78 x 107 1.26 x 107*
107¢ 2.77 x 107 1.25%x 107
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