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Abstract- The purpose of this paper is to analyze the
problem of forced convections in liquid flows
through sufficiently long straight channel of sector
as its cross section. The results are obtained in terms
of tabulated Lommel, Bessel and associated
functions.

The Hankels and sine transform are made use of. In

the present work we imagine the following:

a) The flow is laminar and unsteady and liquid
properties are constant.

b) Heat source is present in the channel.

c) Flow is undeveloped (both Hydro dynamically
and thermally).

d) The liquid and wall temperature increase or
decrease linearly at the same rate in the direction
of flow.

e) The axis of the channel and flow direction are in
the positive direction of Z-axis.

l. INTRODUCTION

Heat transfer problems of forced convections in
channels have contributed an attractive and useful
subject of investigation for several years. It may
however be said that

6=0
Figure: SECTOR
the laminar forced convection problems of channels is
one of the most fundamental and important problems

in heat transfer as it forms the basis of the investigation
of several other problems of heat transfer.

IRE 1700068

Only the cases of round conduits have been
investigated in detail by several research workers for
unsteady flow. The cases of non-circular ducts have
not been investigated.

The purpose of this paper is to analyze the problem of
forced convections in liquid flows through sufficiently
long straight channel of sector as its cross- section
.The results are obtained in terms of tabulated Lommel
, Bessel and associated functions.

The Hankels and sine transfer are made use of. In the

present work we imagine the following:

(@) The flow is laminar and unsteady and liquid
properties are constant.

(b) Heat source is present in the channel.

(c) Flow is undeveloped (both Hydro dynamically and
thermally).

(d) The liquid and wall temperature increase and
decrease linearly at the same rate in the direction
of flow.

(e) The axis of the channel and flow direction are in
the positive direction of z-axis.

1. FORMULATION OF THE PROBLEM

The governing equations after Tao (1) are
u+ou=1 9p +1du...... (1)
ox> oy> u 03 vt

PT+PT=0ATu-Q+1 QOT......... 2)
ox>  0y* k o3 k k ot

Where Q is the heat source intensity, k is thermal
conductivity, n is coefficient of viscosity, £ is the
density, u is local velocity in axial direction, T is
modified temperature. T'-Tw and T  is local
temperature and Ty, is wall temperature which remains
uniform throughout the wall.

Let us further assume
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Ci()=1 0p

noo3

C, =0T A
03 k
Cs()=Q
K

So equation (1) and (2) becomes

Pu+u=Ci(t) +1ou......... 3)

ox>  0oy? v ot
PT+PT=Cu-Cs(t)+1 T ......... (4)
ox2  oy? k ot

I1l.  TRANSFORMATION

Let us suppose that

x=r1 Cosb

y=r1 Sinf
Now on transforming in polar co-ordinates equation
(3) and (4) transforms to

u +1lou+l Fu=Cl(t)+1ou......... (5)
o2 r or r?oe? v ot

PT+1 aT+1 PT=C2u-Cs()+1 OT......... (6)
oz r o r?oe? K ot

IV.  BOUNDARY CONDITIONS

U=0 T=0 for =1
8=0.8=a t=0
U=0 T=0 r<] for t=0

0=b=ondt=w

V. SOLUTION OF THE PROBLEM

Now multiplying (7) by sinp6 and integrating within
the limits O to o and using the boundary conditions we
get

i +1 Qdu-pf =2C
or? ror r? b

=S
~~
~+
N
+

< |
=1
T
~~
(o)
N

If we write
L = [ ursin pb8d6
0

where b’s are the roots of the equation
Pa=(2n+l)m........... (10)

Now multiplying equation (9) by rJy(qr) where Jy(qr)
are Bessel function of the first kind and q’s are the
roots of the equation

And integrating within the limits 0 to 1we get by
Snedden(2)

—u::l2 aig=2Ci1(t)A+salH ... ... ... (12)
b Y
Where T H is Hankel’s transform of 6. and

L= 1Ty (an)
il

=1[bals () So.p-10) - aTp1(q) SLp (@ +bll oo (13)
o

Where S, is the Lommel function .Similarly on
undergoing the same process we get from equation
(6)we get

g Tia=ComH-22C O +sTLH ... (14
Multiplying equation (5) and (6) by et and integrating . b k
with the limits 0 to oo and putting Where

Ci(t) =f~e=t Cs(t)dt ... (15)
m =[w ety dt 0
0 From equation (12) we get
a=-2 kv C1(1) e (16)

Pu +10u +1Pu=Cl(t)+s U......... (7) 2
or? r or r* o0 v P(stva)

on substituting the value of G.y in equation (15) we
Where get
Ci(t) =foo et Cy(t)dt.......... (8)
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Tie=2i1K Ca(t)- vCaCilt) ]___________(1?) Cs () =CseM
(s* kq?) b (s+vgh)
Ci(t)=J=Cre® C=dt
Now by the inversion formula 6.47 of Trainter (3) So 0
aL=-4v C1(t) ¥ L Ju (gr) oo (18) Q)
b d(s+vg’) Fpa(e) et
and by Sine inversion theorem we have C:=Cs
s+p
— . And
w=-8Ci )y ¥ S (gr)sinp® ... (19
@ % P(stvg) bi2bu(a) On substituting the values of C; (t) and Cs (t) we get
And u=-8C1 ¥ 3 pi{gr)smpB  .............(21)
a 9 P(s+r) (s+vg?) pI2b(g)
T= YV 8k {C30)- vC Gy b (or) sinb § e (20)
43 (s k) ) Bl Ti= Y Y8k G- vG G }Iblar)smb8 . (22)

Polstk)p @) ) B

VI. PARTICULAR CASE
by Laplace inverse transform

Let Ci(t) = Cie™ u=-8vC1 ¥ ¥ iy (ar) sinbﬁ_ﬂ [et-ev®] .. (23)
a« 9P pIa(g) (v gt
=3 ¥ Bhk [Ca(eft- ekat) () Cof eult + gvalt +et ¥ Iilgr) smp & . (24)
1F abp  (kq2-P) P (v-k) (- kqh) @ (k) (ivgh) (kP (va2-)  Ppa()
The mean velocity un is given by Where A is given by the equation (13), where mean
um=1 [pudA temperature is given by
A
=-8vC1 Y Thle® -ev¥  AerT(gr)sinb 6 drdd
o 9P bIha(q) (va2r) T 0 ferdrde
0 a
=-32C1v Y Y02 (et eVl e (25)
et 1PpE (vg2r) Ppa(g)
Te=1fpT dA
A
=% ¥ 80k [Cafef - ¥y 4 C; {ekalt + gt +e™ HI el (}qﬂ zinpf drdd
P oap (kg-P) q (v-k)( - kg?) qilk)(tvgh)  (kgt)(vgtn) U0 Ppa(g) [P Prdrde
Do
Tw=F ¥ 3200k [Ca (ePt - g¥2) _ 4 Cy el + gt +e® 1 - (28)
© P alp! Ppa(g) ( kg’ B) (v (- kq?)  qile)(rvgh) (kg vet)
Mixed mean temperature Tw is given by
T 1 DuTdA
...‘5.LU:|:|:|_
JouTdA =-/Y=¥ T8 vC1 L Jp (qr) sin b8 (™ &™) TF 8h k [C5 (- e¥92) - C1Cy (e + e +
P 0akg bIp(q) (vgr) ¢ P op ( kq’- B) g (v-R)( - k') gikv)( rvg)

IRE 1700068 ICONIC RESEARCH AND ENGINEERING JOURNALS 85



© OCT 2017 | IRE Journals | Volume 1 Issue 4 | ISSN: 2456-8880

et 1] _Jp (gr) sinp8 rdrd8 Jisinp6. Sinp'® =a If p=p’
(elr)(va2 1) Ppi(@) ’ 2
=0 If pEp
Now By equation (48) of page 70 of Erdelyl (4)
JiTe(qen) b (qur) dr=0 ifm#n
o = [Tpri(g)]? if m=n
So we get
fouTdA =-32F ¥ i&vk  Ci[e™ eva] [Ca (ePt- ekalt) _oCCy {ekalt + evadt +e™
1P api () ( kg’ B) @ (v-B)( - kqY) K (k-v)(rve?) (ka*-r)( valr)
So
2% ¥ Ak C1 [e™- eve2t]. [Cs (Pt - etult) - ¢ Cp {elult + gvalt +e™ H
P opp(q) (kq’- B) PR(r-kg?) allkev)(rvg)  (kg?r)(vgls)
Ta= Yy Civ A2 (e™ ey 27)
o pUrve)Ppn(e)

The overall heat transfer rate is given by
q=[CoumCs ()] kA

T=[32CIvC2 T¥ A2 (e ealt) —Cie B LA
of 2k pHrve)) Ppale)
=[16v Y ¥ (Tt evalt) )2 —Cae P JRA2CICy ... (28)
Alg 1 prvg?) FPealg) AC1C:
Let Ci1Cx=C4
Cs =0Cs
CiCzA
So g =[l6vY ¥ (e evaln)2 —-CseP ] e (29)

A 1P pirvg?) Fralq)
The heat transfer coefficient h based on mixed mean

Where g’ is dimensionless heat transfer rate temperature is given by
h=-4g
ST
-[18vFY (e evay 32 —A2C5e B [T v A2 (e evalty ]
- a 1P pirvg?) Pl 3 B ap?® (rvg)) Fpalg)
24a] [FY v (et evelty [ Cs(eft glulty o [gkalt + gvalt + ot H
2 B opTa(g) kq'p @ (v-k) (- kq?) ¢ (k) (rvg?)  (kghr) (vg20) ... (30)
1e. De=4A =41/2a

Nusselts number based on the mixed temperature are ,
given by 5 [2+.a]

Nu=hD. =

o
K

Where Deis equivalent hydraulic diameter. S0 Nu is given by
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16+FY (e e 32—  glCse PI[TT v 12 (e a2 ]

= ¢ @ 4P plrag)) Fefg) 4 ebap? (rve’) Paly)
T K [y Evie e | [Cier- e[ v [ e e |
¥ apTalg) kql-p ¢ (vE) (- k)t () (rvg?)  (kg'r) (vg2-1)
e (31)
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