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AXISYMMETRIC PROBLEM OF THERMOELASTICITY FOR A HOLLOW CYL-
INDER OF FINITE LENGTH

V. P. Merzlyakov
Inzhenerno-Fizicheskii Zhurnal, Vol. 12, No. 5, pp. 620-625, 1967

UDC 536.2.01
The axisymmetric problem of heat conduction is examined for a hol- R,
low cylinder of finite length with mixed boundary conditions; a solu- x \rg(r, 2, Vo pa L \ar X
tion is given for the corresponding quasi-static problem of thermo- 1
elasticity. !
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We will consider the problem of the temperature X exp ( ;Zﬂ + I 1 ) x
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field t(r, z, 7) of a hollow cylinder of length ! with vol-
ume~distributed heat sources of intensity q(r,z, 7).

Through the internal cavity of the cylinder flows afluid
whose temperature ¢(z, 1) is a given function. Convec-
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tive heat transfer takes place at the inner surface of + R} Bl V,( ) (z, 0)sin mmz dz.-—
the cylinder r = Ry; the outer surface r = R; is ther- 2 o | @1
mally insulated, and the temperature of the ends z = 0
and z = [ is equal to the fluid temperature. The ini- i mmz R
tial temperature of the cylinder f(r, z) is a function of —5 sin dz 5 f(r, 2V, (Pn R )df ]
the coordinates. g, !
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we transform the heat conduction equation and the r
boundary and initial conditions to the form v ( n T{’?) =
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Double application of the Grinberg method [2] gives

are the roots of the transcendental equation
the following solution of Eq. (2) with conditions (3)—(5): Hn r‘ qua
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In solving the quasi-static problem of thermoelas-
ticity by the Goodier method [3] the stresses are re-
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garded as the sums of fictitious stresses of twotypes:
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The stresses of the first type have the form
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where @ is the particular soluiion of the equation
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The stresses of the second type are expressed in
terms of the Love biharmonic function
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The particular solution of {15) for temperature dis~
tribution (12) is
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Substituting (17) and (14), we obtain
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We take the Love function in the form
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Substituting (20) in (16), we obtain the following sys-
tem of stresses:
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Satisfying the conditions

Or+0,=0, 0,,43,,=0 at r =R, andr = R,,
we obtain a system of equations for ams bm, oy, and
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It is easy to see that the conditions
;22"}";:2:0 at z=0andz=l :

are satisfied.

Thus, stresses (13) satisfy zero boundary condi-
tions at the surface of the cylinder, except for oy,
which generally speaking is nonzero at the ends. How-
ever, the o,., form an equilibrium stress system and,
consequently, at a certain distance from the ends (13)
is the solution of the problem posed.

NOTATION

t(r, 2, 7) is the temperature of the cylinder, a func-
tion of the coordinates and time; ¢(z, 7) is the fluid

" temperature, a given function; R, and R, are the in-

side and outside radii of cylinder: k = Rg/Ri; I is the
length of the cylinder; a is the thermal diffusivity; ¢
is the specific heat of the material; vy is the specific
weight; A is the thermal conductivity of material; o
is the heat transfer coefficient at the inner surface of
the eylinder; hy = ay/A; By = ayR{/A is the Biot num-~
ber; up is the root of the transcendental equation; &
is the thermoelastic potential; L is the Love function;
o is the coefficient of linear expansion; G is the shear
modulus; v is Poisson's ratio.
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