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An expression for the témperature distribution in'a oxrcular pipeis obtained when viscons incompressible fluid is flowing
through it. Effect of viscous dissipation is not neglected and the rate of heat generation per unit volume varies periodi-
cally with time.

The attention of many research workers in fluid dynamics has been diverted towards the study of heat
transfer in viscous incompresgible fluids in the recent years. The interest in this subject has been deve-
loped by a paper of Bhatnagar & Tikekar! in which they have discussed the temperature distribution of
a viscous incompressible fluid flowing in a channel bounded by two co-axial circular eylinders with the rate
of heat generation per unit volame as an exponential function of time. They have obtamed the expression
by neglecting the effect of viscous dissipation. ‘

The temperature distribution of a viseous incompressible fluid flowing in a circular pipe with the rate
of heat generation per unit volume varying periodically with time is discussed in the present investigation.
Effect of viscous dissipation is not neglected. The expression for the temperature thus obtained has been
compared with that of Lal? where he has obtained the expression by neglecting the discipation term. The
expresgion for the temperature is then obtained in dimensionless form. This consists of two parts, the one
varies perlodwally with time and the other is the transient part which vanishes in the limit as ¢ tends to
1nﬁmty It is also seen that the contribution of the trausient part is insignificant when ¢ > 2.

Here the expression for the temperature dlstrlb ation is obtained with the conditions that the surface
' =1', (¢) has zero initial temperature, and (%) is always being kept at zero temperature. .

In the present note the velocity distribgtion is steady while the temperature distribution is unstéady.
The temperature distribation does not affect the flow field of an incompressible flu'd with constant pro-
perties. We have taken a fluid having these properties. ’

FORMULATION AND SOLUTION OF THE PROBLEM

We a-sume that the temperaturé T" of the liquid is independent of its axial position 2’, then the energy
equation? in the present case reduces to
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* where (%‘,—) is the energy dissipation function, u’ is the voefficient of viscosity of the fluid, “—?,— is the

~ rate of heat_generation per unit volume in the fluid, ¢’ and %' are respectively the specific heat and the
coefficient of heat conductivity of the fluid. Here dashes denote dimensional quantities.

We make equation (1) dimensionless by introducing
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where %, is the maximum velocity in the pipe, v’ ( = ﬁ,—) is the kinema.tic‘visoosity, Y ( = -317) o
. : ) .
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. is the non-dimensional radial coordinate, u( )1s the . non-dlmensmnal axm.l veloc1ty, 0’ is

um

: charactemstlc temperature, f@)isa funcmon of time only such tha,t
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- Equation (1) then becomes
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where ﬁ is the non—dlmensmnal constant and o is the Prandtl number.

4

' TInthe present case
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‘ Introducing the non-dimensional vamables in (4), we get |
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From (3) and (b), we get - \ L _
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We now assume that the rate of heat generatlon per umt volume 1in the fluid varies. pemodlcally with time.
" Hence we take ,

"f —sint. | Q)

Equation (6) then becomes \ ‘ o
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Let T = f e—* Tdt be the Laplace transform of T and let T, be the initial value of T
0 . ’ . v .

Mu1t1p1ymg equation (8) by ¢—* and integrating between the limits zero to mﬁmty, we get
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Now we shall findTy. . , . ;
Imtla,lly the rate of heat generation is zero and the temperatu:e is steady in the channel, Henoe
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The solutmn ‘of (10) under the boundary condltlons
T, = finite wheny = 0,
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and', o -Td =0 when,,y..—-_ 1
0 N L TR
' Substltuulng this value of Tyin (9), we get .
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The solution (11) under the boundary condltlons
’ T = finite when y =
~and : T=0 .Wheny,.nl
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Now applymg Laplace inversion theorem, we get o
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where oy are the positive roots of o) =f0,

2tz

ber y\/q Z (—1)1 (3 yVo)

“ =0

are known as Thqmpson functxons.
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Fig 1—Variation'of T ‘with ¢ for ¢ = 1, 4, 9 and
g=1 . B ‘

B=1o=4 f=1and o=9, g=1

and
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‘Fig. 1 for fixed y (y = 0-0, 0 6 O *9) showing
the variation of T with ¢ have been driwn for ¢ = 1,
IIere
we have used the first five terms of the transient.
part and the tables for Thompson functions for the

numerical Work

We find that the transient part is very small

.compared to the periodic part when?>> 2, hence the

transient part is insignificant and 7' varies periodi-
cally 'with ¢ in this range. From Fig. 1 it is obvious
that the “temperature at any point inside the pipe
increases with the increase of o. The increase of
temperature with the increase of § is also obvious

~ from (13).
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Expresqlon (18), for the temperature doss not. a.gree with-Tal2. HIS expressmn for the temperature
- with the present boundary conditions does not contain the first and the last terms because he hag solved the
~ energy equation by neglectmg the dissipation term and by aseuming ~

L : *_1_ ._‘?;Q_ _%aﬁ( . .T T(’“)éﬁ’*
oy pe 85

velocl’ry by using the method of superposabxhty TRy

g

Hence (13) is a more general so]utmn of (6) a,nd\has been conﬁrmed by Lap}ace tra,nsform method,
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