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In the present paper a problem of an infinite plate with heat source dependent
on temperature is discussed. In the solution of the problem, Fourier number
has been introduced, which has the meaning of generalized time.

Nomenclature

6= 71,—1 = dimensionless temperature
T = temperature of the medium
a = thermal diffusivity

t= time
Fy= R2 = Fourier number

A = acy; ¢ = specific heat
y = density

2 0
erfex =1—erfx = 7 f exp (—=?) dz = Gauss error function
kil

PyX, Fp) = R W(r t) = Pomerantesev criterion.

INTRODUCTION

Galonen (1964) studied the non-linear problem of a plane parallel wall
with a heat source dependent on the temperature. Perelman (1960)
considered the temperature field in a hollow finite cylinder with internal
sources, which are either the function of time or space. .

In the present paper, an attempt has been made to discuss a problem of an
infinite plate with heat source dependent on the temperature. In the solution
of the problem, Fourier number has been introduced, which has the meaning
of generalized time.

STATEMENT OF THE PROBLEM

We consider an infinite plate of thickness 2R. The initial temperature
distribution is taken as T'(x, 0) = T',. At the initial time instant, the plate is
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placed into a medium of temperature T,, > T,. Inside the plate, there is a
heat source of specific strength W, which varies directly as

dZTz
da® ’
The temperature distribution across the plate thickness at any time is to be
found.
MATHEMATICAL FORMULATION

The equation of the heat with continuous heat source is

T T Wz, 1)
‘a‘—aﬁ cy . . . . (1)

On introduction of dimensionless quantities

T _ = . .
6= T Z=5, F, (generalized time),
we obtain (1) in the form
o6 0%

oF, = a—sE2+Po(55, Fy).

On taking Py(x, Fo)=pu % , this relation reduces to

a2
%,"—:2—; ”‘%;i:’ where p is a constant . @
0
subject to the conditions
(i) 0% 0) =06, (0<ZE<0)
(ii) 6(0, Fo) =0

.oy 00
(ii) o (0, Fo) = 0.

SOLUTION OF THE PROBLEM

To linearize eqn. (2), Luikov (1968) suggested that, one should choose
for the term of the equation containing u, a value of the temperature which
would conform to the appropriate expression if u = 0. With u = 0, we have
the solution of (2) as

z
8 = on[l—erfc 2—1.,—0;]

Substituting the value of @ in the right-hand side of eqn. (2), we obtain

90 _ 26 8 z |*
oF, = 555-{-;40028—{.2 [erfm] . .. e - . (3)



490 8. N. SINGH

For simplicity, we introduce a new variable ¢ = Q—FS—E—; in eqn. (3) and obtain
]

d*0 d?
d§2+2gd§ —ubi et £ L @
with the conditions
0=0at£=0 and #=0,at £ = 0. .. . (8
The solution of the above differential equation (4) can be written as
0 = $1(§) +¢s(€) erfe . . . .. (6)
It is easy to see that the functions ¢; and ¢, are determined by the equations
G%i;l—-—erfcgtfjé2 .. .. .. .. (D
and
a2
(Zf b [erfc §] = — uby? pre [1—erfc €12 .. .. (8)

Thus, the solution of (7) and (8) yields
() = A+2p6,2¢% erfe £4 ub,2(1—erfe £)

— B ¢ exp (—)—2ubiPE(ere £

W81 (exfo gy2) 4 2100 eTfo € 40

2
+%’f’;i [1—e~2%14 phi(erfe £)2 .. .. . {9
and
$o(€) = B—2ub2E+2u0,2¢2 erfc ¢
+pb,°[1 —erfe £]— %gg et
—2ub 2(erfe £)2. .. .. .. . .. (10
Hence

6 = A+B erfe £— (‘/ﬁ [1—erfe £)éee®

+ 2 et ppperto B, .. .. .. (D)

where 4 and B are constants. To know A4 and B, we take help of boundary
conditions (5) and after a little simplification, we obtain

2[!00
k3

A =0,—

and
210,
B = pbp+3 6,
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Now, eqn. (11) can be put as
z 2#00 x
gt oo oy

7 0,27 72
—0, erfe —— — P T — _._)
TR FE T A, Y\ 4T,

0 = 00+ ',4,002 erfc

'p'°xerfc A ( 52)
TR o E, P\ T,
2"400 iz \ .
— = exp (— oF ) A (erfc \/_) .. .. (12)
The expression for temperature distribution at the surface of the plate can be
obtained on putting Z = 1 in the above equation, viz.

VATt v/7oxp (- )
2¢/F, 7/ F,

0 = 0y ub,? erfe

1 1 20,2 - 1 )
—erf = — 24/ F .
erc2\/Fo #90 ﬂ‘\/Fo {'\/'n exp( )+ \/ oexp( o7,

(13)

o8
T

04

o2

] 1 i i ]

o2 04 06 [+ - 1.0

F1e. 1. Relation between 0 and Fy at z == 1 for plate.



492 SINGH: TEMPERATURE DISTRIBUTION OVER AN INFINITE FPLATE

To know the relation between 6 and F,, we take for simplicity x = 1 and 6, = 1.
The variation of non-dimensional temperature § with various values of F; has
been shown in Fig. 1. Tt is observed that the temperature at the surface
of the plate decreases as Fourier number (generalized time) increases.
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