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SUMMARY

A solution is presented for the determination of thermal stresses in a finite cylinder heated axisymmetrically over the
curved surface. The solution is obtained by constructing the thermoelastic displacement potential and the biharmonic
Love function to satisfy all the boundary conditions. It considers the steady state stresses as well as the transient
stresses.

1. Introduction

Thermal stresses are of vital concern in many design problems of engineering,. In the literature,
writings on thermal stressesin acylinder have been abundant. Manyauthors[ 1, 2, 3, 6, 7, 12, 14]
have given solutions for thermal stresses in an infinite cylinder with particular thermal boundary
conditions. When the solution obtained for an infinite cylinder is used to determine thermal
stresses in a finite cylinder, the stresses at the end surfaces usually are only self-equilibrating
instead of vanishing. Aiming to eliminate these non-vanishing end stresses, quite a few authors
[4, 5,9, 10] have considered the end problem of a finite cylinder with self-equilibrating end
stresses in isothermal elasticity.

A direct and more general solution is expounded here for the determination of thermal
stresses in a finite cylinder. The solution has been formulated for a hollow cylinder and takes
into account both the transient and the steady state stresses. The solution consists of two parts:
the thermoelastic displacement potential, which is a particular solution; and the biharmonic
Love function, which is the homogeneous solution. They combine to satisfy all the boundary
conditions.

2. Basic Equations

The cylindrical coordinate system (r, 8, z) will be used as the reference frame. The inner radius
of the cylinder is g, the outer radius b, and the height 2h. The end surfaces are at z= + h. Because
of axial symmetry, all the equations will be independent of the coordinate 6.

The temperature distribution T{r, z, t) is governed by the equation of heat conduction in
a solid body as the following:

1
VsziT,, (1)

where y is the coefficient of diffusivity and

7 19 d*

2_ O g
v or? + r or + 0z2

The displacement field (u, w) is governed by the Navier displacement equations

u
<u,r+ -+ w,z)
Viy 12 N r v _ 2(1+v) T, (2a)
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* Based on a doctoral thesis in applied mechanics submitted by the first author to Kansas State University, Manhattan,
Kansas.
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u
(u,+ -+ wz)
B > 1 )
r 2 2(14+v) T (2b)

V2 =
Wt 1—2v 1—2y “he

where v is the Poisson ratio and o the coefficient of thermal expansion.
A particular solution of (2) is represented by the thermoelastic displacement potential @
satisfying ([ 11]):

Vi@ =kT (3)
where k=a(1+ v)/(1—v). The homogeneous solution of (2), i.e., the solution of (2) when the
right-hand sides are zero, will be represented by the Love function ¥ satisfying

VIV =0. 4)

The functions @ and ¥ shall be so constructed that they combine to satisfy all the boundary
conditions and thus completely define the displacement field. Since the stresses o;; will be
specified on the boundary, they need to be expressed in terms of ¢ and ¥ and can be derived,
respectively, from

Gy = —2G< % @, + (.b,zz)

G, = —2G(<1>,,, " %@)

Gop=—2G (P, + P ..) ©)
6rz = _2Gd§,rz
and
6_:rr =2G [VVZ Y- lp,rr] .z
EZZ = 2G [(Z_V)VZ lP_ T,ZZ],Z
) 1 ©
Ggp = 2G [vV2 Y- - ‘P’,:I
6, =2G[(1—vWV*¥P-Y_]1,,
with G the modulus of rigidity.
3. Solution of the Heat Conduction Equation
The thermal boundary conditions are (with o, = nn/h and H(t) the unit step function):
T:H(t)[ Y. Ti cos oc,,z+Tf):| at r=a
n=1
T:H(t)':z 0 cos (x,,z+T8:| at r=b (7)
n=1
oT
=0 at z=+h.
0z
The initial temperature of the cylinder is assumed to zero, i.c.,
T=0 at t=0. (8)
The solution of (1) satisfying (7) and (8) can be shown to be
T=T@+T(r,z)+T"'(r z1). 9)
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Here

COS @, Z
A

+ {TSIO(ana)_ Tf,Io(oc,,b)}Ko(oc,,r)]

is the steady-state temperature distribution;

Pinng = B 5 ALt i) (Tl ()= Too ()}

n=1m=1 (ﬁm+a ){JO(:BM ) J(Z)(:me)}
% {Jo(Bu) Yo (B @)= Yo (Bur) Jo (Bma)} Jo (B b) cos o,z
is the transient temperature variation; the f3,, are the roots of

Jo (bx) Yo (ax)— Y, (bx) Jo(ax) = 0
and
4= Iy (2,0) Ko (0, ) — Lo (o0, b) Ko (o1, @) .

4. Stresses Due to the Steady-State Temperature Distribution

The stress boundary conditions are

o,, =0 ,=0 at z= +h
g,,=0 g, =0 at r=a
o,,=0 o, =0 at r=>

When T in (3) is T'(r, z) of (10b), the function @ may have the form

& E i [ (a,7) N M,,Kl(oz,,r)] F COS 0,2
2.5 Io(oz b) Ko (a,q)

a’l
where
1 .
Ly = 2850 (7t by TO K 0,0}
K .
M= Kol o - Tty )

n

The corresponding stresses are, from (5),

- — Gk Z [ {Io(oc r)—o,rl (o,7) §

M,
0(2,)

o [Lalo(e,r)  M,Ko(o r):l
= —Gk 0 n 0 \Yn
Z [ Io (o b) Ko(2,a) 0%

{Kq (o, r)—i—oc rK (o, r)}:lcos 0, Z

21

(10a)

(10b)

(14)

(15)
(16)

(18)
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= —Gk ¥ [,—(Lb) (o (ar) + o7l (27) )

M,
KO (an a)

n=

{2K o (ot,7) — 0, 7K { (o1, 7) }:l COS 0, Z

L,Iy(o r) M, K (o, 7)
~k 3|50 b

:l o, ¥ sin o,z . (19)

The temperature variation T*(r) is due to the difference in the mean temperatures of the
outer and the inner surfaces. Stresses corresponding to T(r) are from [13].

6, = E%g?bi_/f)g) [~—10g<lr7> - (b%iﬂ) (1 - g—)log@ﬂ
&09:%5—/(1—?8—)[1—1%(5:)—%(1 +lr’j>1og(z>} (20)
 GK(T—

It may be observed that the stresses given by (19) and (20) satisfy only the first condition of
(14). Then it is necessary to construct a ¥ function so that the remaining boundary conditions
can be fulfilled. The ¥ function may have the following form:

Y= [4,¥,+B, ¥, +C,¥;3,+Gk¥,,]. (21)
n=1
The functions ¥,,, in (21) are given by

v . Fo(2,7)
q/ oot - N h 72 cosh A h
n [z cosh 4,z < . + h coth i,,h) sin i,,z:l 72 cosh i, h

n

Y, = H rI (o, 1) —< 202 + b ﬁg:i;)lo(ocnr)}/ll(anb)

R (L 0 K] T
)
V= [i%b) {rll (on7) — < 2(1%— ) + a ;?EZ:Z;)IO(OCHI‘)}
e (a2
Yo [ Iy (ﬁc:b) {r11 ar) = 2(IH_V) IO(“"r)} i Ko]\(ilna){ r (23)
I 2(10(:") Ko (%,7) }:l sir;;tnz’
where
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1 = Ho(a)/ (4,b) = bl (@, b) Iy (o, @) /13 (. b)
" aKO((xna)/Kl((xna)—bKO(anb)/Kl(anb)

£ DKo(5,h)/K, (050 —aKo(2y0) K, (4,b)/K3 (2,0) 24
" bIO(anb)/Il((xnb)_alo(ana)/ll(ana) ‘
The 4, are the roots of
J1(2a) Y, (Ab) —J, (2b) Y, (Aa) = 0, (25)

and the y, are given by —J,(4,a)/Y,(4,a) or —J(4,b)/ Y, (4,b).
Substitution from (21) into (6) will yield a set of stresses corresponding to ¥’. This set of
stresses will be denoted by a,;. Then the total steady-state stresses are obtained as

It is now noted that o), will vanish on all boundaries because of the way with which ¥’ has
been constructed. Thus only three conditions, i.e., the second equations of (14)—(16), remain to
be satisfied. Applying the boundary conditions a,,(a, z)=0 and taking the finite Fourier
transformation of the resulting equation will eventually lead to

i a)A,+Q,B,+R;C,
_26k(1-W) [ L, M, » o
- [JO( 1 )+-———K0(ana)K1(,,)], 1,23, (7)
where
P"'":(’h(TZ)J_;L nh A,k
02 = 1o (12,6 202N ) 0t ) — (2024 Do o))
' Ko(,b)\ Ko (2, 9) 2(1-v) b Ky(a,b)
B H {<1_a"b Kl(anb)> Kl(ana) (xna - ana a a Kl(anb)}
o TIn aal%(ana)_ va 2(1—v) wa nata, Kz(ana)~2(1—v)
] et Ko el G LR TEEMRE s Rl

Similarly, the boundary condition a,,(b, z)=0 will yield

i A +0,B,+R,C,
=2(1;Z)Gk[10(l;nb)h(°‘ b)+f%'—a—)1<1(a,,b)], n=1,2,3 ... (29)
where " " !
_ I(Z)(‘xnb) 2(1__‘)) I, J ~V) K(z)(anb)
Q.= b ey b = T e (e + Ty )Kl("”)’“"bKl(a,.b>}
B / Iy (o, a)\ Iy (o, b) 20=v)  a Iy(a,a)
R""F"{<”°"‘“11 )Ten o Tas ‘le(ana)} (%0)
(o, )

_ { 2,bK (2, b) + (l~oc,,a E?(ZZ) )Ko(a,,b) + < 2(;?) - % g?ig:g;)Kl(anb)}/Kl(ana) :

Finally, setting o7, (r, +h) of (26) to zero and taking the finite Bessel-Fourier transformation of
the resulting equation will lead to
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[1 . 51712—1%%5] Am+§f1 [ B, + R, C,](— 1) = m—1,23, ... (31)
here
) Qm<{#n<%—b &3%&4%@m)
{a K. (% z;>a,,K,?m}/K1(a,,a)
(32)

Ry, = Fn{ ol t (272, fEZZ;) I,Sn}/ll(anb)
+ { o KL — <2+a,,a IIZTEZZ;) K,‘,’,,,}/Kl(oc,,a)

_AGK(Th~TY) {Fo(hb)— Fo(Ama)}
In= T log (/) BT o) P3Gl )

and

The I9,, I},, K&, and K}, in (32) are given in Appendix 1.

Equations (27), (29), and (31) are the necessary relations to be satisfied by the unknown
constants A,,, B,, and C, such that all the stress boundary conditions may be completely
satisfied. Once 4,,, B,, and C, are obtained from (27), (29), and (31), the steady-state stresses
are totally defined and given by (26).

5. Stresses Due to the Transient Part of the Temperature Variation

T"(r, z, t) of (11) is first expanded into a Bessel-Fourier series as follows:

T'(rz,t)= > Y Tou(t)Fo(Ayr) cos o,z (34)
where et
2 b sth ,
T (t) = B FI b — a7 FA( a)}J‘ J‘“h rT"(r, z, t) Fy(A,,7) cos a,zdrdz
_ 4 i B2 exp [ — (B2 +o03) xt 1 { ToJo (Bsh)— T Jo(Bsa) }
b* F§(Amb)—a* F§(Ana) (B3 + o) (B —An) (I3 (Bya)~ I3 (Bsb)}

%%mwnm@—9%<>%m>}(m

Then the thermoelastic displacement potential is assumed to be

&' (r, 2, t Z Z D () Fo (A F) cOS a2 . (36)
m=1n=1
Substitution of (34) and (36) into (3) results in
T,.(t)k
- mn 7

Stresses due to @”(r, z, t) are computed from (5).

G = —2Gk Z Z /1 (1) [ Fl(j'"r) + afFo(imr)} CoS o,z

m=1n=1
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[s 0] o0 A,Z )
7 = _2Gk m mn /1
Ory le nZl Pt Fo(4,r) cos a,z
F F, (A1)
oo mzl ,,21 /12+fx r ( o) Fo (A7) | cOS a,2
0 o) /1 T
oy, = —2Gk ), Z m % Toun (£ ) Fi{d,r)sin o,z . (38)

T2, 42
mlnli+a

The Love function may be assumed to be
Y(r, z, 1) Z L[4, (1) ¥1,(r, 2)+ B (8) ¥au (r, 2)+C1 (1) Wil 2)] (39)

where ¥,,, ¥,,, and ¥, are given by (22), and A, and B, and C, are functions of time. Analytic
expressions of these functions in general are not obtainable, but they may be determined nu-
merically. The stresses corresponding to ¥"(r, z, t) can be computed from (6) and will be
denoted by 77 (r, z, t). Then the total transient stresses, i.., stresses corresponding to T”(r, z, t),
will be

oi(r, 2, t) = G} (r, 2, )+ G5(r, 2, 1) | (40)

The o7; decrease as time increases, and are negligible when time becomes fairly large.
Smce the total stresses in the cylinder are

0;;(r, z, t) = o}(r, 2)+ ai(r, 2, 1) 41)

and both ¢;; and ¢}; vanish on the boundary, it follows that the ¢}; must also satisfy (14)—(16).
Itis noted that (o vamshes on the boundary because of the way @” and " have been construct-
ed. Then only the second equations of (14)—(16) remain to be fulfilled and they are used to
determine A", B”, and C". Equations similar to (27), (29), and (31) will be obtained by satisfying
onla, z, 1)=0, o,.(b, z, t)=0, and o, (r, +-h, t)=0, respectively. They are as follows:

0 2
Z anFO(/lma)A;r/l(t)JrQr(l)B”()+R0C” =2 Z /12_,{_ 2 (lma)
n=1,23 .. (4

© " ,
Z anFO(lmb)A;:l(t)-f‘QnB;,/(t)-f‘RnC;;(t):2 Z Tmn(t)an

2 2
1 m=1 /lm—‘f_an

Fo(4,,b)

n=1,2,3,.. (43
0012

2l,h e m Tun (D) (= 1)°
”" /r R 1" n
l:l + sinh 24, h] Anlt) + ,,Z’l [ Qe B (1) + R G ()] =2 Z’l Az + o}

m=123,.. (44)

Time appears in equations (42)—(44) as a parameter. These equations can be solved for any
particular time. Hence, functions A", B”, and C" can be evaluated numerically. Once they are
determined, the transient stresses g;; corresponding to the temperature variation T will be
completely defined.

6. Numerical Examples

To illustrate the procedure presented in the previous sections, two numerical examples are
given. All the computations have been performed with the aid of an IBM 360 computer.
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1. A Hollow Cylinder Heated on the Inner Surface

Only stationary stresses are considered. The temperature of the inner surface of the cylinder
is kept constant (T,). All the Fourier coefficients in (7) vanish except Th; T:=TJ=0,n=1, 2, 3,
... T3=0, and T} =T,. The steady-state temperature becomes simply

T¢(r) = T, log (b/r) / log (b/a) . (45)

Now (27), (29), and (31) can be solved simultaneously to yield values of 4, B,, and C, and thus
¥' is determined. Then stresses are obtained according to (26).

Foralong cylinder, stresses at sections not too close to the end have been given by Timoshenko
[13]. If the cylinder has a small height-to-diameter ratio, the stresses obtained for a cylinder
cease to be accurate at any cross section because of the end effect. Thus the variations of
stresses, obtained with the procedure presented in this paper, at section z=0 (the middle cross
section) are shown in Fig. 1 and Fig. 2 for a cylinder with a/b=0.3, v=0.3 and various h/b.
The axial stresses a,, at the section z=0 are plotted in Fig. 1. It can be seen that the axial
stress decreases as the ratio h/b decreases. This fact shows the tendency that the state of stress is
approaching that of plane stress where the axial stress is very small if not vanishing. On the
other hand, the axial stress approaches to that given by the long cylinder solution when h/b
becomes greater than 1.5.

The circumferential stresses g, also the section z=0, are plotted in Fig. 2. When h/b >2,
the o, given by the present method is indistinguishable from that given by Timoshenko
solution. However, unlike the o7, the g, doesn’t approach the gg4 of the state of plane stress
monotonically as h/b decreases. The compression on the inner surface and the tension in the
outer surface seem to attain their maximum values respectively when the ratio i/b is some-
where between 0.5 and 1.5.

-1.21—
-0.8 =
-0.4 p—
o
zz
EaTO
0.0 t
0.4 —
@ Timoshenko solution
and h/b > 2
\ ] l | | | J 1 |
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

r/b
Fig. 1. Distribution of axial stresses at section z=0 of a hollow cylinder with constant temperature T, on the inner
surface and zero temperature on the outer surface.
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-1.2 p—
0.8 a/b = 0.3
v = 0.3
0.4
“80
EuTO
0,0 + r
h__
== 0.4
h
/B = 1.0
@ Timoshenko solution h _
/=15
0.4 — and h/b > 2 @
A [ i | | ! | | |
¥ 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

/b

Fig. 2. Distribution of circumferential stresses at section z=0 of a hollow cylinder with constant temperature 7, on
the inner surface and zero temperature on the outer surface.

These variations of the circumference stresses and the axial stresses are apparently in agree-
ment with the often-made assumption that the end effects are negligible at a distance of one
diameter from the end.

2. Cylinder Heated Over a Band on the Middle Portion of the Outer Surface

Only the steady-state stresses will be given. The thermal boundary conditions for this case are

T(a,z)=0 (46)
T, z)=T,, O<lizl<ec
=0, |z} >¢ (47

where T, is a constant and ¢/h = 0.125. The Fourier coefficients in (7) will now have the values
To=0 n=012,..

. 1t 2T,
Ty = — T (b, z)cos a,zdz = —=sin{nmc/h) n=1,2,3, ... (48)
hit_, nm
T9 = 0.125 T, .
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L.0
0.5

0.125

0.04 p—
a
ZZ
GRT,
0.00 [~ r
cl
/ zz
~0.04 p—
~0.08 |—
Nl L 1 | | l
0.5 0.6 0.7 0.8 0.9 1.0
r/b

Fig. 3. Distribution of axial stresses at section z=0 of a hollow cylinder when the middle portion of the outer surface
is heated to maintain a constant temperature (Tp) band of width 2c.

The results of computation are presented in Fig. 3-8. The total steady-state stresses are
separated into two parts: the oj; corresponding to T'(r, z) and the of; corresponding to T,
which is independent of z; ie., 0;;=0;;+0f;. Since the section z=0 is most critical, stress
variations along it are shown in Fig. 3-5. It can be seen that the ¢;; contributes more significantly
to the o,; than the ¢f; does and that the circumferential stress 644 is much larger compared to
either the axial stress or the radial stress. Hence variations of the circumferential stress oy,
along different longitudinal sections are shown in Fig. 6-7 ; the o§, remains constant along any
longitudinal section. The sudden jump of ap, at z/A=0.125 on the outer surface is due to the
discontinuity of the surface temperature. A similar jump has been observed in the solution of
stresses in an infinite solid cylinder heated over a band [14].

7. Concluding Remarks

The procedure presented in this paper may be used to determine directly thermal stressesin a
finite cylinder with temperature prescribed on the curved surface and no surface tractions.
All the boundary conditions as well as the governing differential equations can be satisfied.
Although only the solution with symmetry in z has been given, the anti-symmetric part can be
similarly formulated [15] with no difficulty.

It is noted that the steady-state solution given here reduces to that for a solid cylinder given
by Iyengar [8] when the inner radius approaches zero [15]. The Love function may also be
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-0.6

i
= H.
v
o
(o2}
=
~J
<)
o
)
el
b=
(e}

/b

Fig. 4. Distribution of circumferential stresses at section z=0 of a hollow cylinder when the middle portion of the outer
surface is heated to maintain a constant temperature (T;) band of width 2e.

used in the solution of the end problem of a finite hollow cylinder in isothermal elasticity.

Appendix

The function Fy(4,r)=Jo(4,r)+ 1, Yy(4,7) is the solution of the differential equation

d’y 1 dy )

(—ir7+;5+l,y—0 Ad)
with the boundary conditions

d

d—)rjzo,rzaandrzb. A2)

Thus Fy(4,r) form a complete orthogonal set i.e.,

b
J rEo () Folur)dr =0,  I=m,

and
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30 o0.08—
a/b = 0.5
0.06 }—
0.04 [—
ry
GBTO
0,02 }—
0.00 L4 1

0.05 0.06 0.07 0.08 0.09 1.0
r/b

Fig. 5. Distribution of radial stresses at section z=0 of a hollow cylinder when the middle portion of the outer surface
is heated to maintain a constant temperature (T,) band of width 2c.

v = 0.3
-0.6 —
_0‘8 ——
| | | L1
0.0 0.2 0.4 0.6 0.8 1.0

z/h

Fig. 6. Distribution of circumferential stress oo at various vertical sections of a hollow cylinder when the middle portion
of the outer surface is heated to maintain a constant temperature (T,) band of width 2¢.
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~0.16 =

.20 | 1 1 | |
0.00 0.2 0.4 0.6 0.8 1.0
z/h

Fig. 7. Distribution of circumferential stress oy, at various vertical sections of a hollow cylinder when the middle portion
of the outer surface is heated to maintain a constant temperature (T;) band of width 2c.

@ = [ rF3(r)dr = $ (b, ub)) ~HlaFo () (a3)

Hence the functions I, (e, 7), rI; (o,7), Ko(a,r), and rK (o, ) may be represented as

Io(“n") = Z I,?zFo(it") s

1=1

rly (o, 7) Z I Fo (A1),

Ko (a,7) = Z K»?ZFO(AI") )

=1
rK (o, 7) Z Fo(41), (A.4)
where )
b
1% = EJ rlo (o, 7) Fo (o r)dr = —(—m {bFo(4,b) I, (o, b)— aFo (4 a) I, (2, a)}

Iy= Jbrzl1 (00, 7) Fo (4y7)dr
= Gz (P ol Folab) = I, Foia)

2a2

- —(:Ljf) {bFo( b)Il (“nb)—aFo(iza)h (“na)} >
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1 b
K = ﬁj rKo (o, 7) Fo(A,7)dr

a
Ay
2

:m[——bFo(ilb)Kl(otnb)-f-aFo(/lla)Kl(o(na)] , (A.5)

1 b
Ki’zﬁj 1 K (o) Fo(hyr)dr

a

= G o) 0 Ko(mb) Folhib) +a* Ko (aya) Fo(hsa)}

20, :
+ oy PPt K (1,h)+ aFo (1) K. (3,)}

REFERENCES

[1] W.H. Chu and F. T. Dodge, End Thermal Stresses in a Long Circular Rod, J. of App. Mech., 34 (1968) 266-272.
[2] R.J. Dunholter, Thermal Stress in Tube with Axial Temperature Gradient, AEC Report APEX-463, Oct. (1957).
[3] B. E. Gatewood, Thermal Stresses in Long Cylindrical Bodies, Phil. Mag., Ser. 7, 32 (1941) 282-301.
[4] W. R. Hodgkins, A Numerical Solution of the End Deformation Problem of Cylinders, U. K. Atomic Energy
Authority, TRG Report-294(s) (1962).
[5] G. Horvay and J. A. Mirabal, The End Problem of Cylinders, J. of App. Mech., 25 (1960) 561-570. ‘
[6] G.Horvay, I. Giaever and J. A. Mirabal, Thermal Stresses in a Heat-generating Cylinder, Ingen. Arch., 27 (1959)
179-194.
[7] J. Ignaczak, Thermal Stresses in a Long Cylinder Heated in a Discontinuous Manner over the Lateral Surface,
Arch. Mech. Stos., 10 (1958) 25-34.
[8] K. T. S.R. Iyengar and K. Chandrashekhara, Thermal Stresses in a Finite Solid Cylinder due to Steady Temp.
Variation along the Curved and End Surfaces, Int. J. Engg. Sci., 5 (1967) 393—413.
[9] A. Mendelson and E. Roberts, Jr., The Axial Stress Distribution in Finite Cylinders, Proc. of 8th Midwestern
Mechanics Conf. (1963) 40-57.
[10] F.H. Murray, Thermal Stresses and Strains in a Finite Cylinder with no Surface Forces, AEC Report AECD-2966
(1945).
[11] W. Nowacki, Thermoelasticity, Addison Wesley, Reading, Massachusetts (1962).
[12] M. Sokolowski, The Axially Symmetric Thermoelasticity Problem of the Infinite Cylinders, Arch. Mech. Stos.,
10 (1958) 811-824.
[13] S. Timoshenko and J. N. Goodier, Theory of Elasticity, McGraw-Hill, New York (1951) 412-413.
[14] C. K. Youngdahl and E. Sternberg, Transient Thermal Stresses in a Circular Cylinder, J. of App. Mech., 28
(1961) 25-34.
- [15] A. C.C. Yen, Thermal Stresses in a Finite Circular Cylinder, Ph.D. dissertation, Kansas State University, Man-
hattan, Kansas (1969).

Journal of Engineering Math., Vol. 5 (1971) 19-32



