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Abstract -- Solution for temperature distribution in a
circular pipe have been given by various authors notably
Gretz, Nusselts, Goldstein. All these are cited in (1)
Krishna Lala (2) considered the temperature distribution
in co-axial cylinders. (3) S. N. Bose considered
temperature distribution in channel bounded by coaxial
circular pipe for viscous incompressible fluid flowing
through it by neglecting the dissipation due to friction
when an oscillatory rate of heat addition is superposed on
the steady temperature.

l. INTRODUCTION

8=0

Fig. 1: Curvilinear Quadrilateral

In this paper expression for the temperature
distribution in a channel bounded by curvilinear
quadrilateral  cross-sectional  cylinder  similarly
situated for viscous incompressible fluid flowing
through it neglecting the dissipation due to friction
when an oscillatory rate of heat addition is
superposed on the steady temperature.

. ENERGY EQUATION AND ITS
SOLUTION

The equation of energy in the present case is

0T =1 90 +K( T+ 10T +107T ) wmsrr (1.1)
gt &Cy ot orf r ot % 0e?
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Where K=K  isaconstant and dissipation due to
e
friction is neglected.

Now we assume that

1 40 =3"a ™ (1.2)
BCy ot ™!
and T=To +3° T e™ s (1.3)
Gy ot ™!
where a, and T, are real and T, is a function of r only.
Substituting equation (1.2) and (1.3) and comparing
the terms of the same family, the differential
equations are
dT,+1dl, e (1.4)
dt rodr
dzTn + 1 dTﬂ +1 dzTn - inl'u + g\n_ =0 s [1.5}

& rd rfd? KK
Integrating 1.4 we have
T, = A + Blogr
Before supposing the oscillatory flow, we must have
the fully developed steady motion with these

conditions and with following boundary conditions.

T0= T]_
T0= Tz

wherer=r,
wherer=r,

And A and B in 1.6 are determinate. Thus
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To= Talog rafr + Tolog rfry
log rafr

I1l.  BOUNDARY CONDITION

T=T,e™+T, t>0whenr=r,
T=T,e" +T, when r=r,
T=0 t>0when0=0

0= o
T=0 whent=0

Now multiply equation 1.5 by sinp6 we get

3T, + 1 3Ty +162Tz|5inbEl i
dr? roor r? gf2

inTnsinpB + a, sinp8 -0
K K

Now since T, is zero 6=0 and 6=a and if po = (n+1)n

We have [®sinp8 32T, dB = sz'“ o sinp8 df = - pT
1] 682
If we write T _[ T,sinp8 dB ... (1.8}

[=]

We have an integrating equation 1.7 within the limits
0 to o we get

T+1 aT ] — gl +

r

If p’s are the roots of the equation

pa = 2n+l)n ... (1.120)
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Now multiply the whole equation 1.9 by rfp(qr)
where By(qr) is given by

Bolar) =Jp(ar) yp(ars) -vplar) Jp(gri) (1.11)

where q’s are the roots of the equation
Bp(@) =3p(ar2) vp(ary) - vp(ara) Jp(Ary) ... (1.12)
where Jy(z) and y,(z) are Bessel functions of first and

second kind and q’s are the positive roots of the
equation.

Be(@) =Jp(@r2) vp(ara) - vp(raq) - vp(rad) Jp(r=0)

aZn 1 9T- p?T

r dr r?

we get rPp(qgr)

inT rBplar) + 23, rBplgr) =0

K b K . (1.13)

Now my equation 6.58 of Trainter — (4)

I Ezn 1 9T- ]J_T] jﬁnlm =

" r r
ﬂr_TiEi"”'TJ ) pna) -T2 e™+ T )N-g'Ty .o
b hir2q)

2 (Te™+Te) 2 rPylar) dr
b !

since
&

2 (Tze'™+Tz) [2rBplar) dr

= "
Avre the values of T at r=ry and r=r, respectively and
Ty is the Hankel transform of T and

N= ]
"1

rBplar) dr
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= r251,1:'ir:-‘1){ Sp1a)y p1(2) - Jpa(2q)ypng) }+ -t 2 ; @ 2@ falor)  sinbd
J2 (g - J2 (r2q) b
r25:,5010) {BEDTp101D) - EE-00) { [“E'“‘*Iﬂi{;{ﬂl CTWT]&_ }
~(1.13) (@2 +in/K')
On integrating equation 1.13 within the limitsry to r,
, we get b

X [rzsu:(r:q) {J@(ﬁﬂr’b-l(rzq}-Ib-lirlﬂr’b(rlq—} i
tl_ETle‘”‘ + Ty ) yma) - (T2 gvfm+T2E| N -

br Jp(r20)
FTu- Ty + 22, N=0 r151,pir19) {mﬁnq}ib-lirm)-lb.(rlq}fb-lirlﬂ}]
K bK
which gives ....(1.19)
_ So T is given by
Tu= 14 | (Tie™+T1) Jyg) - (T2 e™+T,) [+ 2 5,
" {E[E . I}Jb(rrl (e 2] % : T =Tilografr +Tologr/r;
_____ [1.16) Log rz/r;
(g®+in/K")
Now by inversion formula equation 6.53 of Trainter _ | )
(4) +Rem) 3= 22 33 q° Pling) Bylar) sin b8,
n=1 o ak b
Fng -0 b
_ _ b b
T =n2' % 12 (20) Bplar) Te e l(1.17) - -
2 I

2 I - h -
Jh (rlq) Jb (r.-_q) {4_[{1—19"“ +L1JJ] (r1q) _('I'Igil:li{.Tz} +£ﬂ}
S bn 1h(2) bK

Now by sine inversion theorem we get

(g+in/K)
=n? 2J2 (r2q) Bp(ar) sin @ Tx
y ; Jz (10)- Jz b X [fzsl,b(r:-q:'{lh(rlq}r’b-l(r:-q:'-Jh-l(r:q:fr'h(rlﬂ }*
... (1.18)
on substituting the value of Ty in equation 1.18 we
get r1s, b(rlq}{ 1T pang - -T (rlu.)”b Elirl}%) ]
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