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Abstract. This article presents the new results, obtained in a an explicit form, regarding the construction of the
influence functions and integral formula of Poisson type for the half-space of an important limit problem concerning
the no-coupled dynamic thermoelasticity. For this purpose the author made use of a new method, elaborated and
published by her in the previous works. This method allows to obtain the integral formula and Green functions for
a large variety of problems concerning dynamic thermoelasticity. The main advantage of this method consists in the
combination of two solution stages of the problems regarding dynamic thermoelasticity in one single stage.

Key words: Green functions, Half-space, Poisson formula, Thermoelasticity, Volume dilation.

INTRODUCTION

In the theory of uncoupled heat conduction (V. Budac, A. Samarskii, A. Tihonov, 1980; A. Kartashov,
1980), that is a constitutional part of the theory of thermal stresses, to solve (BVP) an integral Green’s
formula is suggested to determine the temperature field resulted from the thermal exposure. The
analogous formula was suggested by Green to determine the field of elastic displacements (W. Nowacki,
1962; V. Seremet, 2003), produced by the known mechanical actions in a case of BVP in the linear
theory of elasticity. In a case of BVP in the theory of thermal stresses (uncoupled thermo elasticity)
the corresponding integral formula used to determine thermo elastic displacements was obtained by
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Maysel (W. Nowacki, 1962). However, there is a principal difference between Maysel’s and Green’s
formulae that can be described as following. In the integral Green’s formulae the desired values (the
temperature field in the heat conduction problems or the field of displacements in the linear elasticity
problems) are given directly through the prescribed initial actions (inner heat source, surface tempera-
ture, etc.-in the heat conduction problems or body forces, surface stresses, etc.- in the problems of linear
elasticity). In a case of integral Maysel’s formula, the desired values (the thermo elastic displacements in
the thermo elasticity problems) are not represented directly in terms of prescribed initial thermal actions.
They are represented in terms of temperature field, which is an intermediate unknown value in the given
problem and is to be pre-determined. This fact introduces certain inconvenience in application of Maysel’s
formula. The thermo elastic influence functions and the general Green’s integral formula in dynamical
thermo elasticity have been obtained for the first time in the papers (V. Seremet, 2003; V. Sheremet,
2003). In the present paper the above mentioned results (V. Sheremet, 2002) have been applied to the
solution of a new very important BVP in dynamical thermo elasticity for a half-space.

MATERIAL AND METHOD

Dynamic Response of an Elastic Solid Body to a Unitary Point Heat Source
Generalization of influence function and Green’s formulae onto the BVP in the classical theory of
static and dynamical thermo elasticity ( W. Nowacki, 1962) was given for the first time in the papers

(V. Seremet, 2003 ; V. Sheremet, 2003). The considered influence functions U, (x,é;t—r) have the
physical means as the displacements generated by a unitary point heat source. It represents a convo-
lution over the body volume V of two influence functions. The first function is the Green’s function

G(x, Z;z_s) for the BVP in heat conduction. These functions are the functions of influence of a
unitary heat source onto the temperature. The second function is the function of the influence of
unitary temperature onto the displacements for the BVP in the dynamical thermo elasticity. These
functions are equivalent to the influence functions of unitary concentrated body forces onto the vol-

ume dilatation ®(k)(z,§;s —r). Thus, the introduced functions of the influence of a unitary heat
source onto the thermo elastic displacements are determined by the general integral formula:

U (x,&t-1)= yj.dsj. G(x,z;t—sb(k)(z,ﬁ;s—r)dV(z) (D)

In Eqgs. (1): y =a,(2u+31); a, — the coefficient of the linear thermal dilatation; 2,y — Lame’s

constants of elasticity. Finally, the influence functions U, (x, Et— r) take into consideration both physi-
cal phenomena (heat conduction as well as elasticity) in the solid body:

1) Over the coordinates of the point of observation x = (xl , X, x3) the thermo elastic displacements,
satisfies the equations of the BVP for the Green’s functions in the theory of heat conduction. The only
difference is that the unitary heat source is replaced by the influence function of the unitary concen-
trated forces onto the bulk dilatation:

ViUk(x,g;t—r)z—y®(k)(x,§;t—1')- (2)
The initial and boundary conditions also have to be used.

2) Over the coordinates of the point of application & = (51 &5, 53) of the heat source, it satisfies the
BVP for the Green’s matrix components. The only difference is that the concentrated body force is
replaced by derivatives from the Green’s function in heat conduction:

WU, (&30 =7)+ (A + )0, (x,631 1) = pO°U, (v, 550 —7) 01 =1G  (x,&5-7) = 0. 3)
The initial and boundary conditions also have to be used. The volume dilatation has to be deter-
mined from the following Lame set of equations:

VUM x, &t —1)+ (A + 1)@ (x, & -1)- pO°U,(x, & —1)/0r =-5,8(x—&)5(t —7) i,k =123 @)
with respective initial and boundary conditions
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Analog of the Green’s Formula for an Elastic Solid Body in Dynamical Thermo Elasticity
On the base of introduced influence functions in the papers (V. Sheremet, 2002 ; V. Sheremet,
2003) were suggested the following new Green’s type integral formula for displacements:

t

U, (£.0)= [0y, (2.6:00V () + [ de [ Fz.0)U, (.60 ~2)aV () -

4 0 v

—afar [1(,0) 2008 i (1) o e jaTa(}f’f)Uk(y,g;t_f)drN(y)+ (5)

on

y 0 Iy y

aj:dr X J‘{aT(y,T)-i-Ot W}Uk(J’aé;t—f)dFM(J’)

Ty y

In Egs (5) is noted: U, (y,&;t—1), y eTy; 0U,(v.&;t—1)/on,, yel,, and U (y,&;1-1), y T, -
the functions of influence of a unitary surface heat flux 6T(y,r)/8ny = 5(x — y)g(t —r), surface tem-

perature T (y,r) =6 (x— y)é(z —r) and of a unitary low of heat exchange between exterior medium

and surface of the body aT(y,r)+a(6T(y,r)/8nv)= 8(x—y)3(z—7) onto dynamical thermo elastic
displacements. The formula in Eqs (1)-(3) and (5) has been obtained for the first time in (V. Sheremet,
2002) and are the generalization of the well-known Green’s functions and Green’s integral formula
from the theories of heat conduction and elasticity onto dynamical thermo elasticity. More, Eq (5) is
the generalization of Maysel’s formula (W. Nowacki, 1962) onto those cases when the temperature

field satisfies the equation of heat conduction, the field being caused by the internal heat source F(x, z)

and temperature 7' (y) or heat flux oT (y, t)/ on, prescribed on the boundary.

REZULTS AND DISCUTIONS

Response of an Elastic Half-space to a Dynamic Unitary Point Heat Source

This section gives an example for determination of dynamical thermo elastic displacements in a
form of integrals for a half-space, which are the particular case of the general integral formula in Eq
(64). To do this, first, the functions of influence of the unitary heat source on the dynamical thermo
elastic displacements should be constructed. So, let us to determine the displacements in the half-space

(OSx1 <0, -0 <X, X, goo), caused by the action of the internal heat source
F(x,t),x=(x,,x,,x,); xeV withthe following homogeneous mechanical boundary conditions

0, =U,=U,=0 (6)
together with the boundary heat flux

aloT(y,t)/on]=S(».1), y=(0,,,»,). yel (7)

at the boundary plane I = (y1 =0, —w0<y,,p< oo).
The initial conditions with respect to the dynamical thermo elastic displacements, their rates and
temperature are assumed to be homogeneous

U (x.t) 0= £(x)=0; 0U,(x0)/0r], = g,(x)=0; T(x,),_o=®,(x)=0. ®)
To solve this problem, using traditional scheme, it is necessary first to integrate the equation

(0/01—aV? )T (x,1)= F(x,1) )
with the boundary and initial conditions in Eqs (7) (8) with respect to temperature. So, at the first stage
from BVP given in Eqgs (7)-(9) the temperature field is determined. Then, at the second stage, it is
necessary to solve the respective BVP of the dynamical theory of elasticity for the half-space and to

determine the field of the thermo elastic displacements Ul.(x,t). To do this we need to solve the
equations:
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uV2U,(x,)+ (A + /J)G)J (x,t)— p U, (x,t)/0t* - 7/T,,.(x,r§) =0 (10)
with initial and boundary conditions in Eqs (6), (8) and (10). Also, one can use the following integral formula:

U, (6t)= [de] Fe.oW, (s st— v (2o af de [ (o, (0. Est —)ar (), (1)

obtained from proposed general integral formula in Eq (5). To determine the influence functions

U, (z, Et— T) one should to construct the Green’s function G(z, Eit— T) , first. To do this it is neces-
sary to solve the following BVP in heat conduction for the half-space:

(0/0t—av?)G(x, &t —7)=8(x=EW(t—t )t >7; Gx.&3t—1), . 4=0; :G(y.E:t-1)=0

(12)
x= (xl,x2x3), xeV; y= (0,y2y3), xeV;yel.
The expression of the Green’s function obtained by reflection method is written in the form:
Glx,&5t-7)= [gm }1 [e—[z#(x,:)/mtff)] _ o R ) an(s )]l
(13)

R=R(r&} R =R(x&her =(-&,88,).

Then, in accordance with the formula in Eq (1), at second steep it is necessary to construct the
Green’s function ®*). To do this one must solve the following differential equations:

(o2 +20)" 0%/ —av2 oW (x.&10~7) = (A + 20) " (0/2x, 5 (x— £ )t~ ) £ > 75 (14)
G)(k)(x,é;t _TXI_T:(): 0; (9@(")(36,5;1 _T)/at

=05 x=(x,x,x,), xeV

with mechanical boundary conditions in Eq (6). The representation for @*) is the following:
O (x. &5t —1)=~(1+2u)"(6/08, )G (v, 831 ~7)+

f el 00W(y,E1-1) )
ds[| =/ _@W(y & —7)—
-([ si[ on, (y it T)any

(15)
Go(y.&:t—7)dl(y),
where function G, (x,g;t_f) is the respective Green’s function for Eq (14). One can be shown, that

from conditions in Eq (6) follows that G)(k)(y, Eit —r)‘ -=0. To prove this we use the Hook’s low and
boundary conditions for the stresses

o) =2uU% 4200 = (A +2u)0") —2u(UY) +UY)=0; =W (y,&;1~1), =0, (16)
because from the boundary conditions for displacements 7{*) = ) = ¢ follows U W=U%=0on
boundary T . So, to construct the function ®*) we must to introduce in Eq (15) the conditions
O (y,&t—1) =0, Go(n.&t—1). =0 (17)
and to construct the Green’s function G, . To do this we have to solve the following BVP:

(p(h+2u)" 02 /0r" —aV? JGo(x. &5t —7) = 3(x—E) (1T )y 1 > 75 (18)
=0; 0G,(x.&;t-1)/0t],_._=0; Go(y.&st—1). =0; x=(x,xx,)xeV

t-t=0""

G@ (x s é 9 -7 )
Having constructed the function G o by reflection method (V. Budac, A. Samarskii, A. Tihonov, 1980;

A. Kartashov, 1980) and substituting it and results (17) in Eq (15) we obtain the function @) in the form:

@<">(x,§;t—r)=—[4n(k+2“)]_1azkHR(?@_(H)j R(i,é)_(s(Rl(z’é)_(t_T)j Rl(ﬁl@f?)} (19)
c=p'(2+2u)
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Finally, if we substitute Eq (19) in general formula (1) and calculate the volume integral, we obtain
the dynamical thermo elastic influence functions in the half-space 7 in the form:

Uk(x,é,‘;t—r):yj‘a’s]e ]?a’zza’sz(x,z;z‘—SXD(’“)(Z,ZQ;S—T)a’z1 = yaZ(d)—d)l). (20)

—00—00 0 k

Here the function @ is determined by the expression

o= d)(x,é;t—r)z l{(e("’f}’ —I)H((t' —r')— r)— [U(r,t' —r')— erfc(r/Z\/t' -7° )]} 21
4nR

t*—*

Ulr,t—1)= ¢

2 [e’erfc(r/Z\/t' P P )+ e’rerfc(r/z\/t' RN PO )l
r= (a"c)R(x,i); t—1" = (a’lc2 X;_T); m=ycp”

where the Heaviside function H is given by the formula

7)< <R

HEH((t'—T')—r)= 0,(t T )<r or (l‘ r)< (x,f)c (23)
1;(t'—r')>r or (t-1)>R(x,&)/c

The function @, in Eq (20) can be obtained from the function @ in Eqs (21) and (22) by replacing

(22)

the point £ = (& ,&,,&,) with the symmetric point & = (-&,,,,&,). If, based on Eq (20) we calculate

the limit lim _,, U, (x,&;¢ —7) and substitute this value in Eq (11), then we obtain the following integral
formula for thermo elastic dynamical displacements in half-space V:

t 0 0 ©

0
Uk(é,r)zy_[dr I J-afzzafzSJ.F(z,r)—[CD(z,é;s—'r)—(I)l(z,é;s—r)]alz1 +
0 —00—00 0 aik
o . (24)
2ay\dr | | S\, 71 ) ——D\y,E; s —1)dy,dy,.
!LL()%@I( Jdy,dy,
The formula in Eq (24) presents an analog of the Poisson integral formula for a half-space in
uncoupled dynamical thermo elasticity.

CONCLUSIONS

The advantage of proposed method is that it allows us to unite the two-stage process of solving the
BVP in the theory of dynamical thermal stresses into the single ones. Closed form concrete solutions

for functions U, (x.&1-1) using formulas in Eq (1), as the formulas in Eqs (20)-(23) for half-space, as
well as for solutions in closed form of Poisson’s type integrals in Eq (24) are very height appreciate by
the specialists in the area of applied mathematical physics, applied mechanics and dynamical thermo
elasticity as a considerable contribution to these areas of research. Such kind of solutions plays a very
important role in development and checking of numerical and analytical methods to solve these BVP.
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