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Abstract

Because there are two kinds of materials with different heat transfer properties, the standard
trigonometric orthogonal system makes it difficult to meet the continuous conditions of tempera-
ture and heat flow at the interface of the two materials, and the problem is difficult to solve. In this
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paper, a discontinuous orthogonal system of trigonometric functions is constructed based on the
good properties of orthogonality of trigonometric functions and the definition of orthogonality of
function systems, and its coefficients contain undetermined functions. The continuous condition,
boundary condition and any initial condition can be satisfied by the method of series expansion of
the orthogonal system of functions, and the undetermined function in the coefficient is deter-
mined by the continuous condition and the initial condition together. In contrast, the initial condi-
tion, in general, determines the undetermined function in the coefficient. The analytical solution is
in good agreement with the numerical simulation. The method proposed in this paper constructs a
new discontinuous orthogonal function system, which provides an analytical solution for the heat
conduction problem in multiphase media. It also provides a new way of thinking for solving ana-
lytic solutions of other polyphase media or solving non-smooth analytical solutions.
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Figure 1. Spherical coordinates of the double
layer
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Table 1. Thermal properties
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Figure 2. Temperature distribution (a) and error (b) of theoretical solution and numerical solution at 200 s, 400 s, 600 s, 800
s and 1000 s respectively under the parameter combination of Example 1
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Figure 3. Temperature distribution (a) and error (b) of theoretical solution and numerical solution at 200 s, 400 s, 600 s, 800
s and 1000 s respectively under the parameter combination of Example 2
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Figure 4. Temperature distribution (a) and error (b) of theoretical solution and numerical solution at 200 s, 400 s, 600 s, 800
s and 1000 s respectively under the parameter combination of Example 3
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Figure 5. Temperature distribution (a) and error (b) of theoretical solution and numerical solution at 200 s, 400 s, 600 s, 800
s and 1000 s respectively under the parameter combination of Example 4
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