GENERAL SOLUTION TO A CLASS OF UNSTEADY HEAT
CONDUCTION PROBLEMS IN A SOLID CYLINDER WITH
THE CONVECTIVE TYPE OF TIME- DEPENDENT
BOUNDARY CONDITIONS

By
G. Triratai, K. N. Seukra and R. N. PANDEY

Institute of Technology, Banaras Hindu University

Received July 6, 1972

Notations
A;>0,B; >0 Constant boundary coefficients on surface.
i=1,2,3 ’
Ay Coefficient defined by (7)
Crmn Coefficient defined by (10)
Dim Coefficient defined by (11)
fio1=1,2,3 Source function prescribed on surface
Loy Modified Bessel Function of the first kind of order k and argument x
k() Bessel Function of the first kind of order k& on argument 2
k 0,1.2,...
m, n 1,2....
X, 9 Z Cylindrical co-ordinate
X A
X = Zz= = Dimensionless co-ordinate
WR? —
Po(x, @, z, Fo) = Ta Pomerantesev ecriterion
Fo = ——L—l—i— Fourier number

T
AHx.@, 5, Fo) = 0 = T % Dimensionless temperature distribution

T

o j(x, @. z. Fo) =—::1['—,Z— = fo; Dimensionless temperature distribution
w ' ) Volume- heat source
T Temperature distribution
a Thermal diffusivity
Ta Ambient temperature
R Radius
(Soj, o1 Kronecker delta
Apmn Eigenvalues in space x, ¢,z
Him defined by Equ. (7)
Yemn (x. @ 3) Eigenfunction defined in space x. ¢, =
() (a) finite cosine transform of ( ) defim_zg by Eq. (15)
() (b) finite trigonometrical transform of () defined by Eq. (16)
() (¢) finite Hankel transform of () defined by Eq. (17)
Z, (=) defined by Eq. (10)
Sy = i" defined by Eq. (16).

Introduction

OwrcEr [1] studied convective heat transfer in finite region under the
boundary conditions of third kind and later on he [2] extended his result for
a three-dimensional rectangular region under the influence of an arbitrarily
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internal heat source and with arbitrary homogeneous boundary conditions of
convective type.

In this paper we consider a more general and complete problem for a
finite solid cylinder is subjected on its entire surface to boundary conditions
ot the third kind. The solution of the problem is obtained in quasi-steady and
transient terms. A number of deductions have been obtained which are avail-
able in the literature.

Statement of the problem

Consider a three-dimensional problem of unsteady temperature distri-
bution in a right circular cylinder of finite length 2b. The entire surface is
subjected to boundary conditions of the third kind. Using cylindrical polar
coordinates x, g, z and choosing the z cordinate along the yeometrical axis
of the cylinder, the flow of heat conduction in dimensionless form can be writ-
ten as

52 2 2 3
Bx2 x Ox x2 9P2 0z2 9Fo
Fo>0,0<x<1,0<¢g<2%z|<b oy

where § = 0(x, ¢, 2z, Fo) is the unsteady temperature distribution. Associated
with (1), the boundary conditions are

86

A + B0 = fi(x, ¢, Fo) 0<x<1, 0<p < 2x, 2=—5, Fy >0 (2a)
80

Ay—=+BO — filx5. Fo) 0<x<10<p<2ms=bF >0 (2b)
30 \

A3—8—~—}— B0 = falz, ¢, Fo) x=1,0<¢p <2, =0, F, >0 (2¢)
x

where By(i = 1,2,3) are nonzero boundary coefficients and f; (i = 1,2,3) are
integrable functions prescribed on the bases and curved surface. The statement
of the problem is completed by introducing the initial condition

(O) Fo = ‘0 = O(x, ¢, 7, 0) = F(x, ¢, 2). (2d)

Solution of the Problem
The eigenvalue problem corresponding to Eq. (1) is
% , 1 8y 1 8% 8% N
Mk S Nk S Nl S 2k =0 3
8x2  x 8x a2 GleR 822 fomn ¥ @)

0<op<2x 0<x<<L|zl<b

and
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8
Ala‘f’_:—Bﬂpzo, 0<2x<L 0<g<2a, s=—b

8
A2%+BZ¢=O 0<x<1,0<g<2, z=0 (4)
Agf?:_;_Bﬁ:o =1, 0<¢g<2x, |z]<b

The eigenfunction of the differential equation (3) well behaved at the
origin is

kan(xﬁ @ z) = Jk (Iu'km x) {COS ¢ } Zrz (z)

sin ko
k=0,1,2,...,, 0 (5)
m,n=1,2,3, 5"\0)
where
Z,(5) = cos x, (1+ i) Mg 1 -Z—] (6)
b &, b
The eigenvalue 7, is given by
Afmn = Mem + %n . (7)

b2
where p,, is the root of

(k + nu’) Jk(ﬂkm) = Aukak+ l(ﬂkm)

B (7a)
=2>0
"7
and «, is the n™ root of
. (M, + M,) e, cos 2z, = (0% — M, M,) sin 2, {7b}
where
M, = Bib and M, = Bjb
4, ) 2
Zo(—b)y =1, Z, () =2t Moo, (7c)

ol — M, M,

Taking y(2,,,,x) as kernel, a three-dimensional finite integral transform
of 6(x, ¢, z, Fo) is defined as
22

O(k, m,n Fo) = f

0 —

i

j P(Pmn %) Olx, @, 7, Fo)x dxdgdz (8)
0

ot o

with inversion

Ox, ¢, z, Fo) = Cimn (A kmn x)O(k, m, n, Fo) 9)

ang

>

3y
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C, is defined as
111
Ckmn A;I ka
) b
where — = | Z2 (z)dx
Ay
—b
bl -+ M) (s, + M3) + — B, + D) (o -+ MM
S o (2 + M3)
n=1,2
=1 2}_) “0 = O
1 2k
and - = | [ rman 50 ) 5 du dp
Dy, sin? kp
00
Vo7 oo oo 2y J2
= 7 Ty A\MEm T BT k )JI':‘(.U'.’-:m)
< Ugm
E=1,2,...2
- 2 ! 2
= (om + 1§ (Hom) k=0

(10)

(11)

It is difficult to show directly from (9) that it satisfies the boundary
conditions (2). Such type of difficulty arises in dealing with the convergence
of the series form of the solution. To get rid of this, it is essential to obtain from
(9) an alternate form of solution composed of quasisteady state and transient
parts. Thus the solution to the system of Eqs (1) and (2) can now be written
down directly from the general expression (16) given in [1]. The result is

o oa oo

3
Q(xv ¥ 35 FO) = ,Z‘OOj(xﬁ Py % FO) _{" Z E 2 Clmmjk(‘“kmx') X
j =0 k m n
k=m=n#0

Zn,(z)e_"";:mn Fo

240 1 3
XU [ { Ji(@em®)Zn(z)| Flx, p, 2) — 3 O0{x, ¢, z, Fo) xdxdpdz —
AR ~

0 -<pd j=
S Fo bl
— 3 { e [ ({ J(smx)Zn(z) X
j=03 0 —b0
30

Dv
! (x,p0,2, Fo)xdxdpdzd Fo’
X SFo( P ) xdxdep

The functiens fo;(x, @, z, Fo) are defined by
0y 180y | 1 80y , 30y

1
9x2  x o« v x% 9p? 9z2

+ 0y; Po(x, ¢, 2, Fo) = 0

0<x<Lz/<hb0<qg<22

(13)
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and
300,
-4, ! + BlQOj == 61jf1(x9 & Fo)
I<x<1l,s=—b0<p<2n
800,
A, L B290/' = 52jf2(xv ¥, Fo)

»
&

0<x<1,0<g < 2m,2=0 (14)

800;
—43‘T—B901-53]f3 » @ 0)

Determination of functions: 60,(x, ¢, z, Fo)

The so-called pseudo-steady functions Qo x, ¢, z, Fo),(j = 0,1,2,3) are
vet to be determined. We first define three fmlte transforms as follows:
(a) Finite cosine transform with respect to ¢

Oo; (%, k, ¢, z, Fo) = { Oo; (x, ¢, z, Fo) cos k(g — ¢")dg (15)
0

with its inversion

|\4 8

"o, (x, k., ¢, 5, Fo)  (16)

Oo; (x, ¢, 3, Fo) = 71;(501» (%, 0, ¢*, 5, Fo) + 1
Z/ /

k=

il
=

(b) Finite trigonometrical transform with respect to z

_ b
Oo; (x,n, k,¢', Fo) = S Oo; (%, k. ¢*, z, Fo) Zn(z)dz )
b
with its inversion
Oo, (x, k, ¢, =z, Fo) = _4,1 Oo; (x, n, k. ¢', Fo) Zn(z). (18)

¢) Finite Hankel transform with respect to «
= ‘ 1 _
Oo; (k. m, ¢, 2, Fo) = | Oojx, k. ¢', z, Fo) x Jy(umx)dx (19)
b

with its inversion

@oj (x. k, ¢, 2, Fo) = :5:1 D, ,],‘.(‘u,l.mx)Qon(m, k,q¢',z, Fo) (20)
m=1

Determination of function: O,(x, @, s, Fo)

From (13) with j = 0, the differential equation and the boundary con-
ditions defining 0,,(x, 0, z, Fo) are
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0w , 1 %0 | 1 ¥0n O py o p —
9x? x Ox x* B¢ 022
0<a<l 0<gp<2 |2]<b (21la)
and :
80,
— 4, 3 4+ BBy =0 0<x<],s=—-50<p< 27
30,
A, =2+ B0y = 0 0<x<l,z=b 0<g<2z (21b)
A3—8—§—°—Q-+B3@00=0 x=1,|z]{<b 0<¢<2n
x
Under the transform (a) and (b) the set of Eqs (21) takes the form
32 5 .2 - =
[ +L+_“%L+ﬁWM+PMJm¢JM=O
B> x Bx x2 '
and (22}
4,29% B oo, —0,
Bx
where
2 b
Po (x, k,n, ¢, Fo)= { § Po(x, g, z Fo) cos k(e — ¢)Z,(z)dydz
§ b
The solution of the system (22) well behaved at x = 0 is
O, ko 1, ', Fo) = ﬂ {Gynle, %) + Hyp(o, x)} Po(x, k, n,¢’, Fo)-odp -+
(23)
{G;‘n x, 0) + Hy, (=, )}Po (%, k, n, @', Fo) pdp
where
AL (A, x) 4 . . .
Gy, (0, %) = n ok ATn T8 K, (G 0) It (1) — I, (3 0) Ki (A
e (0 As}'nI}%(;‘n)"}‘BsIk(;‘n)[ i ( ) £ (2 A(nQ) #( )]
(24a)
and
B, I, (3, ) .
Hy, (0,%) = o LG (1 (3,) K (n 0) — Kil) T ()]

Ay 2 IE(3) + By I (3) (24b)

The inverted transform is

1 L=
Bo, (x, ¢, z, Fo) = - SALZ, (5) X
v n=1

L
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b
[ {Gon (0 %) + Ho, (0, %)} Po(x, ¢, 2, Fo)Z, (s)o do dp dz+
b

6 —
2:

b
S {Gon (%, 0) + Hoy, (5, 0)} Po(x, ¢, 2, Fo)Z (z) od od @ dz+

b .
j {Gn (0, %) + Hy, (0, %)} Po(x, ¢, 2, Fo) cosk (g — ¢")Z, (z)ededpdz

Pl x

Pl 15 Ty I
£
Lo L

{G,\,, (x, o) + H,,, (x, o)} Po(x, ¢, z, Fo) cosk (g —¢") Z, (2) pdodypdz

_{
.

(25)

It is to be noted here that in determining an alternate expression for
6oy, a finite Hankél transform can be applied instead of the finite trigono-
metrical transform. Thus under the transform (a) and (¢) Eq. (21) for Gy,
reduces to

30
8'-200 — Ufm Ogp — — Po*
O<x 0<p <27, (2] <H)
and
) =
— A, ~°° + B, Oyp=0
O<s<1l, 0<p <27, 5= —D>b) (26)
30 =
A, :)0 + By Ogy =0
O<xs<l, 0 < <27, 2=10)
where
27 1

Po* -K j Po (x, ¢, z, Fo) cosk (p — ¢")x J(tym %) dx dep
The solution of the system (26) is
600 (k, m, ¢*, 2, Fo) =
[(41 gy cosh piy, b + By sinh yy, b) f Po* {A, (1}, cosh py (z" — b) —
b
— By sinh py,(z" — b)} dz” -+ (A, gy, cosh gy, b + B, sinh ., b) -

0 .
- { Po* {Ay pym cosh pyy (5 — b) - By sinh py, (7 — b)} d=’] cosh py, 2
~b
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b
+ ['— (Al Hgm sinh Hgm b+ Bl cosh Hgm b) Sﬁ Po* {Az‘ukm cosh Lrm (z’ - b) -
0
— B, sinh py, (5" — b)} dz’ 4 (A, ptym sinh py, b 4+ B, cosh y, b) -

0
§ Po* {A;pcoshpy, (s — b) + By sinh ., (z" — b)} dz’] sinh py, 2)
b

[tkm (BB, + pim Ay A,) sinh 2p b + pfm (4 By + A,By) cosh 2, b1 —
z

27
%
- J Po sinh y;, (s — 5) dz’

Him

With its inversion

1 % Do J g (prom %)
27 =

m=1 Hom (B Bf’ s .UOm A].A )Slnh 7UOm b + .“%)m (A'le + BZAI) cosh 2!'L()m b

([— (A1t gm cosh pgy, b + By sinh pg,, b) -

b2n 1

S S ‘ Po(x, ¢, 5, Fo) x J, (om ) ’i 2 om €0sh o (57 — B) —
00 0

— B, sinh yy,, (3 — b)} dxdg ds’
— (A ptom cosh pg, b 4+ B, sinh ug,, b)

17 P20 Fo) 27, Gtom ) (s o co5h o (= — 8) +
b b
-+ B, sinh py,, (57 — b) dx dg dz"] cosh pg,, 2
+ [— (Auom sinh g0 -+ B cosh uy,,b)
f .:(:( &1 Po(x, ¢. z, Fo) x J, (1ym ) {rl Uom €Osh 1oy, (57 — b) —
bbb
— B, sinh ug,(z" — b)} dx dg dz’

A (Aottgm sinh gy, b -+ B, cosh py,b)

1
{ Po(x, ¢, 2, Fo) x J, (1omx) { Ay ugm cosh iy, (" — b) +

o

Z21
-] J- L2 (x5, Fo) sinh o, () Do (o ) sy’
b om=1 N om
LS 2”2 5 DignJ i (#m %)
7 %=1 m=1 fgm (BaBy - pym A Ap) sinh 20 b + iy, (A1 By + By A,) cosh 2p,b
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1

Iy

0

x([ (A, pgm cosh pym b -+ By sinh p,, b)
[ [ Po(es g =/, Fo) cosk (p — ") (i 2) { At c08h i (= — b) —

— By sinh py, (57 — b)xdxdpdz’
— (A, pym cosh pyy, b - B, sinh py, b) .

0 2x 1

g S ﬁ Po(x, ¢, 2, Fo) cosk (¢ — @”) Jy; (ttm %) {A1t4m cosh iy, (5" — b) -

Sb b
-+ B sinh uy,, (27 — b)} xdxdpdz’] cosh py, z
Aj pym sinh gy, b 4 By cosh pyy, b)

[ Polws 7. <", Fo) cosk (7 — ¢/) Ji o 2) {a tim o0 (=’ — H)+

+[-
b 2z 1
iy
1

o/\

1
( Po(x, s % FO) cosh (¢ - q)’) Jk (xukm x) {'41.“](m cosh .ulfm(z/ - b) ’L‘
0

- By sinh pyy, (57 — b)} xdxdgds’]

sinh py, z)

| Z 221
i; ] 1 - - (" " Po z 2 ’
i o 2 Z kaJ ‘ J (x’ FaZ s FO) sinh Hrm (: - Z);VJ,\. (;Ukm T) :
T m=1 k=1 J Ugm
; 0
cosk (¢ — ¢")dxdgdz’) (28)

Determination of funciton O,(x, p,z, Fo)

From systems (13) and (14) with j = 1 the differential equation and
boundary conditions defining O,(x, ¢, z, Fo) are

82 1 B8 1 32 o2
e Oo(x, @, z, Fo) = 0
8x2  x 8x  x2 B2 T 0z2 or(: ¢ )

0<x<l, 0<p<2a, 2] <b (29)

and

+ B, @01 = fi (x, @, Fo)

<z<l, 0<Lp<2n 2=—b
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9
Az-——g—fl——:- B, 0, =0
0<x<l, 0<gp<2mz=5h (30)
8
,./43 60:::1 '}"Ba@ol————o

=1, 0<¢p<2n |5 <b

Under the transform (a) and (b) the sets of equations (29) and (30) yield for the
expression Oy (x, k, ¢, n. Fo) as

@l

o1(%: k, 1, 7, Fo)
10 -
- 'A_ J{Glm (97 x) + Hlm (Q? x)} f—l QdQ +J {Gkn (x9 Q) - H/m (;15, Q)} ]El ng]
1
0 ®

where (31)

fr={ fu(% ¢, Fo) cosh k(p — ¢")dy’
]

with its inversion

1 =, £z
- 2 Az Z, (z S S { on (Dv x) - H,, (Qv x)}fl(xv(Pv FO) odody +
27A1 n=1 0
2 1
1+ [ {Con (& P) + Hun (5 0} fils 3. Fo) odod¢J
[
1 ‘_21 =

O{{G,n (0+2)+ Hyn (0:9)} fu(, p, Fo) cosk (p—7”) ododr |

| é S i (%5 0) + Hygp (2, 9)}f1(x,(f Fo) cosk (p — ¢ ) pdodyp
(32)

An alternate expression for O (x, @, 5, ;) under the transform (a) and (c) is

501(1{" m, ¢’ =, Fo) — Aoty cosh (b -+ z) + B, sinh p;,,(b -+ z)
(A"t%’fn A 1A2+BIB2) sinh 2z“!’km b —{—JLL/{YTI (-41B2+B2[11) cosh 2#’!{mb
(33)

with its inversion

Outsn oy 5 D) oo sk )
27 ;21 (U2 A 1A+ By Bo)sinh2p, b+ phorn( A B+ By A yeosh2p,,,b
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1 2=z
S ‘. Sil=. 7. FO)J()(Hbmx)xdxd(f
b b
L1 & “S, ,_‘_2’*‘{7?,‘1’;( _L n X) {4 ot €08h (b + =) + B,,sinh Urm(b :)}
L oa =it (uhm A4, -+ By B,) sinh 2u;,,b -+ (A1 B, + B,A;) cosh 7;1,mb
1 2=
[ filx, s Fo)J, () cosh (¢ — ¢)xdxdy (34)
8o

Determination for function 6 ,(x, 0,z, Fo):
The expression for O ,(x, ¢. 5, Fo) under the transform (a) and (b) is

Op(x, k, n,q’, Fo) = L cosh 2u, + L sinh 2a,) -

Ay %
[ [ {Ginlo. x) + Hy, (0. 9)} 0 fiw. 72 Fo) cosk (¢ — ¢7) dodg
0
< 21 » (35)
+1 {Gy (v, 0) + Hy, (x, 0)} folx, ¢ Fo) cosk (¢ — ¢) dody
b o B}

with its inversion

. 1 M, . A
O ns(x, ¢4 7, Fo) = - S‘ (cosh 2o, -+ 1 sinh 2a,)
2 A, 72 %,
( z M, z
X (A” cos o, |1 - —l 4+ —Lsinzx, |1+ —-)
b o, b

2o

< 0‘ OS/ {Con (0:%)+Hop (0, 1)}f(r 7, Fo)odody—+
0( [ {Gon(its 0)-+ Hoyy (%, 0)} fo(ag. Fo) +

o1 M z M ( 7
—+ ——|cos 22, + —2* sinh 2z, | A, | cosk o, |1 + — - —L L 1—§~—-]
22.4( 125 [ i

1’7

[f” ({6 (5.0 + B (5. 0} e . Fo) cosk (g — g)odedr ]
[

i

{G,\n (0, x) + Hy, (0, %)} folx, 7, Fo) cosk (p—¢) odody sin «,
(36)

0\_—\\

6 Periodica Polytechnica M. 18/1
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oo

An alternate expression for Oy(x,q.5,Fo) under the transform (a) and (c) is
obtained as

Ok, m, ¢, 5, Fo) =

[tgmAy cosh pym(b + z) + By sinh yg,(b +2)] .
(BB, + uim A4,) sinh 2upb + py (A4, B, + ByA,) cosh 2 2 ,,b

2700
[ | Al g Fo) cosk (7 — o) {um)ededy (37)
0 b

with its inversion

1z
@02(;\7, Fe % FO) = 7" e Dom Jo(#amx)
“T m=1

[tomd cosh (b -+ z) 4+ By sinhyu,,(b - )]

]-’*:m

f X, G FO)J()(A“\’/mx)xdxd(F

=1
”ﬁw

b
(BB, -+ 13,4, 4,) sinh 2ug,b - g, (4, B, + leif) cosh ~Mg,,,b
1 = =
+ Z ;‘ ka Jl{ (iLl]m;;\:)
T =1 k=1
22 b
[t A1 €05h i (b=3) = Bysinh 1, (b+-2)] | (falx,7. Fo) cosk(y —g)aT (pm)dxdy
0 —p

(BB, - Lu;‘.m Ay A,) sinh 24y, b - L (Allé2 B B{_ll) cosh 2u,,,b
(38)

The expression for @ ,(x,p.z,Fo) under the transform (a) and (b) is
2m

503(,v, kE.n,q, Fo) =

I.(%, x) b
s 1 z, ¢, Fo) cosk (¢ — ¢"VZ,, (5) dzdy 39
A I (2,) + Byl (2) \_M‘ ) 1 — ¢V, (3) d=dy  (39)

with its inversion

1 g ALZ (= o my
> - nZnl2) — - Iy(4), %) S { fals ¢, Fo)Z, (z)dz=dg
27 ;;:i A?x/‘nIé ()n) -:— BSIO(/‘IE) : 0 b
_%_ _}__ iﬁ S ‘/4‘!2 ZIZ (Z)

L (2, )s § Folz,q, Fo)Z, (z) cosk (p—o¢”) dpdz

T f:(.:’l F:l A:;;'n Il;(;n)— BEIU(}'H) —b
(40)

An alternate expression for @ (x, ¢, z. Fo) function is
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1

tm (B By + gy A1Ay) sinh 20,0+ u,, (4,8, + B.d,) cosh 2u4,,b

b 2=
(‘- [(‘41#1»:7?‘: cosh Hiem b+ Bl sinh ‘“/’mzb) ‘\ S fs(:, ¥ FO)JI{ (Al’l'[\'ln) cosk (’]'ﬂ -9 /) ’
R

]
'{A“Lukm cosh Hrm (;’ - b) - BQ sinh Hiem (“7/ - b)} dz,d(if"

0 2m
(—’4:24“:'\'77: cosh y, b —+ B:z sinh y,, D) ﬂ S falz g, Fo)J (vm) cosk (g — ¢ )

—b 0

{4y, cosh iy, (57 — b) + By sinh py, (=7 — b)} dz'dg

cosh w2

2

b 2
[‘_ (-’11;“/\'171 sinh Hpm b +- Bl cosh Him I)) g & j3(:' G FO)JA' (.Ulfm) cosk ((/ - (]:,\:
oo
{Aguk,n coshyy,, (27 — b) — By sinh yy, (27 — b)} dz’dg
0 2 ‘
4+ (Ag pigr sinh gy, b — By cosh uy, b) S \ fa(zo . Fo)J (tym) cosk (3 — ¢”)

~b b
{ A\, cosh py, (5 — b) — By sinh py, (27 — b)) dz’dy]

sinh Hiem :)

7 g
- 5‘ Iy (=" q. Fo)Jy (ttim) sinh .y, (5" - 5) cosk (¢ — ') dz" dg (41)

Him
with its inversion
O ,(x, ¢, 2, Fo) =

_i__ %x ) B D, JO(["lO’nx) o o

27 =1 fhom (B;BQ + ttomA Ay) sinh 2p,,b = 4, (4, B, + B B,) cosh 2u,,b

b 2z
(“’[(‘4l/~lor71 cosh .“"omb - Bl sinh ‘uonzb) s ‘ f3(:/ G FO)JO(/lom)

00

{Agptom, cosh pg, (5" — b) — B, sinh yy,(z" — b)} dz'dg

0 2z
+ (AQ.uom cosh .“omb -+ B2 sinh ‘“omb) g S‘ fB(Z’ P> FO)JG(.UOIH)

o b
{ALLLom cosh p,n(z" — b) 4+ By sinh p (2" — b)} dz'd(,v]
coshyignz)

6=
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b 'r
+[— (A 1tom sinh po,b + By cosh p,,b 3

(r FO)J (uom)

@ ,.ga

Ay tto cosh p, (57 — b) — B, sinh g, {(:’ — b)} dz"dg

0 2n
e (A?_ Hom 8 sinh Hom b+ B2 cosh Hom ) x K fB(“' T FO)JO(.Uom)
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The boundary conditions given in (2) cover a wide variety of cases
occurring in technological applications. Specially, conditions of prescribed
surface temperature can be obtained by putting B; =0, i=1,2,3) and New-




UNSTEADY HEAT CONDUCTION PROBLEMS

[re]
ot

tonian boundary conditions by putting f; = B; ¢; or any combination of
these can be obtained by assigning appropriate values to 4, B; and f;(i =
= 1,2, 3). The general problem treated by Oyarvo [3] happens to be a partic-
ular case of the problem treated herve.

Summary

General expressions have been derived for the unsteady heating of a finite solid cylinder
under the influence of an arbitrary volume heat source and an arbitrary initial temperature
distribution when convective type of time dependent boundary conditions are prescribed on
the bases and curved surface of the eylinder. By using finite integral transform techniques,
expressions for temperature distributions are obtained in various forms and contain valuable
results of technological importance.
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