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Abstract This paper presents new analytical expressions for displacements Green’s functions to a steady-state
spatial BVP of thermoelasticity for an unbounded parallelepiped, subjected to a unit point heat source. These
results are obtained on the base of special structural formulas for displacements Green’s functions, which are
expressed in terms of respective Green’s functions for Poisson’s equation. An example of the application of
derived new analytical expressions is presented for a particular spatial BVP for a thermoelastic unbounded
parallelepiped, subjected to a constant heat source, given inside of a rectangle. Both analytical expressions
for displacements Green’s functions and thermoelastic displacements in the case of a particular problem are
obtained in the form of double infinite series, containing product between exponential and trigonometric func-
tions, which satisfy basic equations, boundary conditions on the marginal strips and vanishes at infinity. The
presented example of a new steady-state spatial BVP of thermoelasticity for an unbounded parallelepiped,
subjected to a unit point heat source will permit readers to derive the other examples to new analytical expres-
sions for Green’s functions. These Green’s functions can be applied as kernels in the method of the boundary
integral equations to solution of many particular BVP for thermoelastic unbounded parallelepiped. All these
analytical results can be used also as some test problems for different numerical methods.

Abbreviations

2D Two dimensional
3D Three dimensional
BVP Boundary value problem
GFs Green’s functions
GFM Green’s function method
GFPE Green’s functions for Poisson equation
TVD Thermoelastic volume dilatation
HIR Harmonic integral representations
HIRM Harmonic integral representations method
MTGFs Main thermoelastic Green’s functions
TSGFs Thermal stresses Green’s functions
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http://orcid.org/0000-0001-9976-3988
http://crossmark.crossref.org/dialog/?doi=10.1007/s00707-023-03675-3&domain=pdf


New Green’s functions for a thermoelastic 6527

8 Conclusions

An extension of the HIRM for the derivation of new MTGFs Ui (x , ξ) for a thermoelastic unbounded paral-
lelepiped is proposed. Both new analytical expressions for MTGFs in Eqs. (20–22) and displacements ui (x)
from Eqs. (30–32), in the case of the studied here particular BVP problem, are presented in the form of double
infinite series, containing the product of exponential and trigonometric functions, which satisfy basic equa-
tions, boundary conditions on the marginal strips, and vanishes at infinity, if x1 � ±∞. The main advantages
of the HIRM in comparison with different classical methods to solve 3D BVP of thermoelasticity consist of
the following:

• reducing the two—stage mathematical procedures into one stage;
• displacements of any particular 3D BVP are expressed directly via integrals, containing products between
MTGFs and known thermal dates (see as example formula (29);

• mathematical procedures of solving 2D and 3D BVPs of thermoelasticity are the same.

The presented in this article example of a new steady-state spatial boundary value problem of thermoe-
lasticity for an unbounded parallelepiped, subject to a unit point heat source, will permit readers to study the
others examples of derivation new analytical expressions for MTDFs. All these analytical results can be used:

• MTGFs can serve as kernels in the boundary equations method;
• for the solution of many particular BVP;
• as test problems for different numerical methods.
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16. Şeremet, V., Wang, H.: Two-Dimensional Green’s function for thermal stresses in a semi-layer under a point heat source. J.

Therm. Stresses 38(7), 756–774 (2015)
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18. Şeremet, V.: A method to derive thermoelastic Green’s functions for bounded domains (on examples of two-dimensional

problems for parallelepipeds). Acta Mech. 227(12), 3603–3620 (2016)
19. Peng-Fei, H., Qiu, H., Hai-Yang, J.: Three-dimensional steady-state general solution for isotropic thermoelastic materials

with applications II Green’s Functions for two-phase infinite body. J. Therm. Stresses 36(8), 851–867 (2015)
20. Qing-Hua, Q.: Thermo-electro-elastic Green’s function for a piezoelectric plate containing an elliptic hole. Mech. Mater.

30(1), 21–29 (1998)
21. Pan, E., Cheng, W.: Static Green’s functions in anisotropic media, Cambridge University Press (2015)



6528 V. S, eremet et al.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement
with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.


	New Green’s functions for a thermoelastic unbounded parallelepiped under a point heat source and their application
	Abstract


