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In the present paper the temperature distribution in a channel bounded by
two co-axial circular pipes is obtained when viscous incompressible fluid is
flowing through it and the oscillatory rate of heat addition is superposed on
the steady temperature. Solutions are also given in the two extreme cases of
very small and very large frequencies. It is found that maximums of tem-
perature distribution exist in the neighbourhood of the wall when frequencies
are very large.

InTRODUCTION

Solutions for the temperature distribution in a ecircular pipe have been
given by many authors, like Graetz, Nusselt, Goldstein; all these are cited in
Goldstein’s book (1938, § 266). Lal (1964) considered the temperature distri-
bution in a channel bounded by two co-axial circular pipes when viscous
incompressible fluid is flowing through it and the rate of heat addition is an
exponential function of time. In the present paper the expression for the
temperature distribution in a channel bounded by two co-axial circular pipes
has been derived for a viscous incompressible fluid flowing through it by
neglecting the dissipation due to friction and when an oscillatory rate of heat
addition is superposed on the steady temperature. Here the solutions are
also given in the two extreme cases of very small and very large frequencies.

1. EquaTtioN oF ENERGY AND ITS SOLUTION

The equation of energy (Pai 1956) in the present case is
" .
R e Y1)

orz " r or (1'1).

where k' = e is a constant and the dissipation due to friction is neglected.
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Now we assume that

1 aQ_. S int
pcv—ﬁ_gla,,en N I
and
T=T0+2Tn(r)e‘“t, )
n=1

where a, and 7', are real and Ty, is a function of » only.
Substituting eqns. (1.2) and (1.3) in (1.1) and comparing the terms of the
same family, the differential equations for the coefficients are
&Ty 1 dTy _
s =0 .. L (g

and
42T n 1 dTy, n [22%

S - E T =0 L (L)
Integrating (1.4) we have
Ty=A+Blogr. .. .. .. .. (1.6
For (1.5) let v = %Z Tn— {%, then
v 1dv in
it =0 . Loan
The solution of (1.7) is (Watson 1922)
v= D Jo(rp*™)+ B Yo(rpi®®), .. .. .. (18)

where p = (n/k’)!? and J, and Y, are Bessel functions of the first and the
second kinds of zero order. Hence '

Talr) = 22+ Dad o(rpi®®) + Ba ¥ o(rpi®*).

Before superposing the oscillatory flow, we must have the fully-developed
steady motion. With this condition and with the following boundary condi-
tions :

To=T; whenr=r,

and To=Ty whenr=ry .
the constants A and B in (1.6) are determinate. Thus

T o= Ty log (ry/r)+ T, log (r/ry)
° log (re/ry) )
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o (1.3) gives

T, log (rofr)+T 5 log (rfr < [a . . :
p = Lalog (i T log (i), S [a Do) +Enyo(rpf/z)]emt,
n=1

where R denotes the real part.
The boundary conditions are

T =TT, whenr =r,

and T =Toeint4+T, whenr =r,.
With the help of the above conditions the constants D, and K, are determinate.
Thus

T; log (ro/r)+ D5 log (rfry)

_ log (re/ry)

+R i @[1_ { X o(rapi®™) = Yo(rypi®®)} Jolrpi™) — { Jofrapi®®) —To(rapi™*) ¥ (ms,z)J ot
Jo(ﬁ}” e )Yo("ﬂ”?/ ) Jo(TaTns/ )Yo(hlnglz)

+R i {12 Y ofropi®™®) — T ¥ olrapi®*) } Jolrpi®?) — | Lilofrapi ™) = Tolo(ripi™) Yolrpi®®) | ae
J 0(712’1'*3/2) Y 0(7'2107;3/2) —J, 0(7’ 22” )Y o(T 11"'3/2)

T =

#oas |

(1.9)
When Ty = T'5, we have, as r, — 0,
< @ Tolrpi®?) Tolrpi®™)
T =T+R et { — 20 L lemt4 R 7, L
Zl n Jolrepi®®) ,,Zl Tolrapi™®) ©

and this gives the temperature distribution in a circular pipe.

2, TEMPERATURE DISTRIBUTION FOR SMALL FREQUENCIES
For small frequencies, that is # is small, we have

2,2
J(nglz)'vl_;.wp

and

;3/2 2,2 S22
=2 ) ) )

where y is the Euler’s constant.
Hence

LY o(repi®®) — ¥ o(rypi®®)] T o(rpi®E) = [T o(ropi®®) = T o ryi®®) ¥ o (rpi®"%)

e
=2 [“)g (rafrs)+ 2= 7% log (rafr) 1] log (ra/r)+12 log (rafr)— (r—17) } ]
and

J o(’“lpb )Y 0(7’ 21"' ) J 0(72107’3/2) Yo(”ﬂnm)

= [10g (rafr)+ 22§ 72 Tog (rylr) 412 Tog (rafry)—(r2—1%) | ]
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Substituting these values in (1.9) and putting 7'y == T',, we get

T=T+ z Ziﬁagm[r? log (ryfr)+ 7} log (r/ry)—1% log (ra/r1)] cos nt
+ Z i log (7‘2 s )[4]0’ log (ra/r1) cos nt+n(r§ log (ro/7)

+7% log (rfry)—r2 log (ryfry)) sin nt], . . . @)
when both the walls of the pipe have the same temperature.

3. TEMPERATURE DISTRIBUTION FOR LARGE FREQUENCIES
When n is large, taking asymptotic expansions of Bessel functions, rp > 10

and — 35 < phase (rpi3?) < 5, we have
Jo(rpiw»z) =~ J—% . €08 (rpisfz—— ’_’)
nrpe f 4
and

Y (rnglz) J——%—W . 8in (rp’ig/z—-— z)
ar

o
Substituting these values in (1.9) and again putting 7', = T,, we obtain

7= T1+§‘ ? [smnt+J~ exp § —(ry—~7) 52} sm{(rl—-r)—‘f/—)—é——m}

"_.

+ [ exp { =) 2 i {25 _m}]

o0

+1, Z [A/i—; . exXp {—(rl—-r) :%% . COo8 {(rl—r) —\% -—nt}

n=1

+J: exp{ —(rg—1) 522 cosi(rz——r)—\—z/%—nts]. .o (3.0)

Hence when = is large, it is found that maximums of temperature distri-
bution exist in the neighbourhood of the wall.
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