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Abstract

The temperature variations in a thin cylindrical shell of graphite materials with finite
length caused by an instantaneous thermal shock are investigated in this paper. Solutions
for a line source and an area source of thermal shock are obtained. A quasi-linear theory
for heat transfer is assumed. Grades ATJ and ZTA graphite are used in the numerical
examples. As 1s expected, the orthotropically thermal properties significantly affect the

temperature variations in the shell which are caused by the thermal shocks.



I. Introduction

Technological advances in aerospace and nuclear engineering in the past decades have made

thermoeleasticity a major branch of engineering practice.

in many structures and machine parts.

High temperatures can be generated

Because these temperatures may be generated raplidly

and failure can be disastrous, studles of thermal shock are of great importance for engineer-

ing safety and practice.

tance, and are frequently used as components of nuclear reactors.

Graphites have excellent thermal, nuclear, and thermal shock resis-

Problems involving thermal

shock on structural elements of anisotropic media have received 1little attention, except for

a few fundamental problems [1,2,3] which have been studied recently by the authors.

The purpose of this paper is to apply the fundamental solution obtained in f[1] to some

practical engineering problems. Temperature variations, in an orthotropic cylindrical shell of

finite length, induced by a thermal shock which consists of an instantaneous heat pulse acting

on a finite surface area of the shell structure, are obtained. The quasi-linear theory of heat

conduction is assumed.
tropic in both mechanical and thermal properties.

independent of temperature.

II, Fundamental Heat Conduction Solutions and Applications
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Graphites ATJ and ZTA are used in the numerical examples.
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The material of the shells 1s assumed to be homogeneous and ortho-

The material constants are taken to be
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Once the fundamental solutilons are obtained, the history of heat content 1n a finite
orthotropic cylindrical shell can be calculated readily, i.e.,

T(O) = HOG(O)(X,¢’t;xO’¢O’t0) > (3)

and T(l) = HlG(l)(x,¢,t;x°,¢o,t°) . ' 4)

The heat content stored in a finite cylindrical shell at time t—to is

T L Cph3 m L
= cpha f f T (oydxdd + <0 [ ] T pydxd . (5)
-m -1 0
Substituting the Green's functions (1) and (2) into the Eqs. (3) and (4), respectively,
and then into Eq. (5), one obtains the history curves of heat content in the shell with con—

stant temperature at two end edges caused by an instantaneous hot-spot source.

The idea of using an instantaneous polnt source of heat has proved to be most powerful in
the linear theory of conduction of heat. One great advantage is that it is based on a very
simple physical idea from which the solution of a large number of important problems can be
obtained by use of the principle of superposition. The solutions for the instantaneous line
and area sources can be obtained by integrating the fundamental solution with respect to
appropriate space variables. Furthermore, the integration of those solutions with respect to
time coordinate will yield solutions for prolonging line and area sources.

In this paper, the case of the instantaneous circumferential line source acting on a
thin graphite cylindrical shell with a finite length L will be studied. If the instantaneous
line source is distributed along a line of circumferential direction from (x ,¢ ) to (x ,¢ ),
as shown in Fig. 1, the temperature on the middle surface of the shell T and the temperature

gradient T ey’ obtained by directly integrating equations (3) and ), respectlvely, are

2
(r, 1, )=—1— (T, ysTpqy) dé
e ey’ Toey Ty I
1
- e-no(t-to)/co e e—nl(t—to)/cp
(Fo 1 R
L 4mahLep “h3ch Ji
X=X x+x0
x [03 o 1) - 0y (52, rx)] T, 6)
where -
-nemér
I =1+ 4 y € cos[n(d ~ +¢2] sin [n(m)] 1)
¢ 7% p1 @ 2 2 ’
Hg = heat content due to a plane circumferential line source,
and Hi = heat content due to a bending circumferential line source.

Introducing the non~dimensional quantities
x' = x/L ,

' =
£ xo/L R
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A =Lfa ,

g h/a ,

v 2
To = T(o)/(ﬂolnha cp)

Ti = T(l)/(Hl/ﬂha3cp) R

Bi = h'h/k

an T
d o

2
k (t-t )/a"co
where ko is the refereice thermal conductivi y, into Egs. (3) and (4), for an orthotropic
cylindrical shell of finite length with constant temperature at both edges, leads to

(1): (Té =0, at x' = 0,1)

2
e_ZM'TO/E 1 x'-x; kxTx x'+x; kxtx $-b k¢T°
T' = —{0 — —) = 0,¢ _—)}XO —— ) (8)
o 4 Ao 3 2 x At 3t 2 Kk A2 3% 2w K 7r2
o oo o
and (2): (Ti =0, at x = 0,1)
2kz 2
-6(B1 + i;_)To/E 1 x'—xé kxTo x'+x; kxTo
T = 3e __{9(_,—)-0(_‘_ )}
1 EZA 3 2 2 3 2 k A2
o oo ()
¢-¢ k.t
> ¢ o
* O3 D ®
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for cases corresponding to Eqs. (1) and (2), respectively.

III. Numerical Examples

The numerical examples are given for an orthotropic cylindrical shell subjected to an
instantaneous clrcumferential line source at time t = to. The line source is distributed
along the circumferential direction from - %-to % at the section x' = 0.5. It 1s assumed
that the temperatures at both edges are constant and equal to the ambient temperature. A
short cylindrical shell is selected here. Its dimensions are L/a = 2, h/a = 0,05 and a = 2
ft. Grade ZTA graphite is assumed to be the material used in the shell. Its thermal pro-

perties are given in Table 1 [4].

Table 1. Thermal Conductivities for Grade ZTA Graphite

Type of material

C(ZTA) D(ZTA)
k [k, 104. 02 38.7
k%, 38.7 104.02
k, /%, 38.7 104.02

k, = 1 BIU/ (hr., ft., °F)

Graphites have two principal directions, one with the grain, the other across the grain.
From the table, it is obvious that the direction with the grain possesses a higher Young's

modulus, higher thermal conductivity, and a lower coefficlent of thermal expansion than
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the principal direction across the grain [4]. 1In the following numerical calculationm,

Biot's number, Bi, is taken to be 0.2.

From the results of previous investigations [2]}, we have concluded that the effects on
the thermal responses due to a bending hot-spot are very locallzed and of short duration.
Therefore, only the case of a plane hot-spot 1s of Interest and only this case will be dis-
cussed in the following numerical example. Figs. 1 and 2 show the history of the temperature
variation along the axial and circumferential directions after the application of the circum-
ferential line source of the plane hot-spot thermal shock. The value of time parameter T is
chosen within the most significant time period, i.e., 0.0003 S-To < 0.005. It is of interest
to note that, for the orthotropic shells described here, the higher thermal conductivity
in the axial direction, as in the material type C, results in a higher rate of heat dissipa-
tion within the shell. This can be explained by the fact that a greater quantity of heat
loss occurs at the edges and lateral surfaces of the shell. Therefore, in engineering

design, the orthotropic properties of materials must be included.

With the principle of superposition presented in this paper, the displacements and
stresses in the shell subjected to the thermal shock can be obtained readily from the funda-

mental solutions for displacements and stresses presented in [3].
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