THE CALCULATION OF THE THERMAL STRESSES IN A
CYLINDER AND A SPHERE WITH VARIABLE
SURFACE TEMPERATURE
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The calculation of the thermal stresses at the surface and at the center of a cylinder and 2
sphere is suggested to be carried out with the use of the integral-mean temperature and the
temperature of the center, computed through the multiplication of a piecewise-linear ap~
proximating surface temperature by specific coefficients.

For the determination of the thermal stresses in a cylinder and a sphere it is necessary to know the
distribution of the temperature over the cross section {1]:
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The problem of the determination of the heating of a cylinder and a gphere, under a surface tempera-
ture which varies in time, can be solved numerically by the method of elementary balances. The subse-
quent determination of the stresses is also connected with numerical computations. Because of the great
labor-consuming character of such compufations, we make an attempt to develop a method of calculation
of the thermal stresses which allows us, omitting the computation of the temperature field, to find at once
the variation of the integral-mean temperature and the temperature at the considered point of the cylinder
or sphere, necessary for the determination of the stresses as a function of the variation of the surface
temperature.

It is known that if the surface temperature of the cylinder or the gphere varies step-wise from the
initial uniform temperature (equal to zero in our case) fo some constant value, then the temperature
field over the eross section of the eylinder and the sphere is determined by the formula [2]
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The problem of the determination of the heating of the cylinder and the sphere for a surface tempera-
ture variable in time can be solved on the basis of the relation (12) by applying Duhamel's theorem. Thus,
if the entire thermal process is decomposed into equal time intervals in each of which the initial tempera-

ture is given as a linear function, i.e.,
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then (the temperature at the junction points of the computation intervals does not vary step-wise) the in-
crease of the temperature at an arbitrary point of the cylinder (gphere), and of their integral-mean tempera-
ture is equal to:
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at the end of the i~th time interval. Here
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for the integral-mean temperature of the cylinder of radius T;
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for the integral-mean temperature of the sphere of radius T; the expressions of Ay for the temperature at the
point of radius r are given as clarifications to the formula (2).

The coefficients B;_p,, necessary for the determination of the center temperature and of the integral-
mean temperature over the volume of the entire cylinder and sphere, we have computed for different
values of the computation intervals AFo and their values for {i-m) = 0-50 are given in Tables 1-4, which
allow the determination of the thermal stresses at the surfaces and in the centers of the cylinder and the
gphere.

The results obtained by the given method coincide with the results obtained on the basis of the exact
analytic solution of the heat conduction equations in the case of constant boundary conditions of the third
kind. ’

In conelusion, it should be noted that the suggested method ean be extended also to bodies of otherform.

NOTATION
;——* r/R is the relative coordinate;
a is the coefficient of linear expansion;
E is the modulus of elasticity;
& is Poisson's ratio;
T is the time;
a is the specific thermal diffusivity;
Fo = a1 /R%
AFo = aAT/R%
t(r) is the temperature as a function of the radius;
£(0) is the temperature of the center;
tw is the surface temperature;
&
Ty, o are the integral-mean temperatures defined ast(k) =2/ { t(rjrdr for
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the cylinder and t(k) = 3/k’ | t(rjr’dr for the sphere;
Q
is the zero order Bessel function of the first kind;
is the first order Bessel function of the first kind.
LITERATURE CITED

H. Parkus, Nonstationary Thermal Stresses [Russian translation], Fizmatgiz (1963).
A. V. Lykov, Theory of Heat Conduction [in Russian], GITTL (1952).

1449



