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HEAT TRANSFER IN A SECOND-ORDER FLUID FLOW BETWEEN TWO
PARALLEL PLATES WHEN ONE OF THEM MOVES WITH VELOCITY U(t)
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1. Introduction

In recent years, whether it is electrical, mechanical, chemical or atomic the
study of heat transfer by laminar flow of Newtonian or Non-Newtonian fluids has
gained considerable importance. Schlichting (1955), Goldstein (1938), Pai (1956)
have studied several cases of heat transfer problems in viscous liquids. The
problem of heat transfer by the lamineer flow of an elastico-viscous liquid between
two parallel plates of uniform temperature has been studied by Jain (1963),
Mishra (1964) and Rath and Satpathy (1974). Mishra (1965) extended this
problem to the case when the plates are having linearly varying wall temperature.

Following Bhatnagar (1966) method of solution Tikeker (1967) has given a
close form of solution of the differential equation for the velocity field. Sparrow
and Gregg (1960) have studied the time of establishment of the flow of a viscous
incompressible fluid past an unsteady rotating disk by considering the devia-
tion of the instantaneous value of the skin-friction from the quasi-steady value.
Panigrahi and Bhunya (1988) studied the flow of viscous second-order fluid flow
between two parallel plates maintained at constant temperature and fluctuating
temperature. Panigrahi and Bhunya (1989) have extended the above problem to
the case when one of the plates moves with velocity U(t). The present analysis
i1s aimed to study the Heat Transfer phenomenon as an extension.

2. Formulation of the problem

In the present investigation a viscous incompressible second-order fluid occu-
pying the space between two parallel infinite plates lying in the plane y = +d is
considered. The upper plate is assumed to move with a time dependent velocity
U(t) in its own plane and in z-direction while the flow of the fluid is entirely
due to the motion of the plate and a pressure gradient in the same direction.
Taking u = u(y,t) and p = p(z,t) the equation of continuity
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are satisfled where p,c,k,p; and up are density, specific heat, coefficient of
thermal conductivity and material constants respectively.

The boundary conditions are

y:_dr u=\u, T:Tﬂj
y=d, u= U(t}, f e {:2.4)

3. Solution of the equations

Solution of equation (2.3) subject to the boundary condition (2.4) may be
obtained by virtue of non-dimensionalisation through the following transforma-
tions:
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where ) —
V.= f;}—‘ : kinematic viscouty
7 : Reynolds number
nd : Reynolds number with channel width d
fo . steady parabolic velocity profile
P dope o . unsteady velocity profile
A, Ay, ... . pressure gradient parameter
i . expansion parameter

fo, 0, -.. . gradients of temperature.
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Making use of (2.4) and (2.5) equation (2.3) takes the form

By En(0h + B10 + Baby +...) + 0 L(5; - 262)+ 0,2 (8; - 38,62)
nd nd nd

= (6y + B8} + by +...) +PE(fo + Bufy + Bafr +..)’
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(2.6)

where pE = p x E, p = Prandtl number and E = Ekert number. Equating the

like powers of (1, 2,..., and the independent terms
05 = —pEfy’,
0 = Loy - 2pES; fi
Td
and
"o pa 2 E T
g ===l ee=ap faf2
Nd
the corresponding boundary conditions of (2.4) reduces to
n=-n4, 30:51:5':;:[]
and

n = 04, bo=1, 61 =80=0.

Solving (2.7), with the boundary conditions (2.8) we get
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32:2-51'??:.:
1=0
where
1 1 1
d=0BA+-——)Ag+ —,
( 2 ﬂn‘.) ° 7 2mg
m = pk,
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D. = ™ Ao pAo p _i_znﬁﬂga)
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4. MNusselt Number

The Nusselt number at the lower plate is

do E _
e (2, =T
n n=-n4

i=1

and at the upper plate is

5. Conclusion
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(2.12)

(2.13)

From numerical solutions interesting conclusions have been drawn depicting
graphs and tables Fig.1 shows the temperature profile for different values of
Reynolds numbers 7. Temperature @ increases with the increase of Reynolds
number 7. The value of # at 0 coincides with the value of the Reynolds number
at 7 = —1 and at n = 1.. For n = 0.4 the temperature attains a maximum value.
Fig.2 and Fig.3 indicate the effect of elastic parameter A on Nusselt number at
the lower and upper plates respectively. At the lower plate the value of Nusselt
number Ny increases whereas at the upper plate the value of Nusselt number

N; decreases with the increase of elastic parameter A.
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TABLE - 1
value of 5 value of v
-1.0 0.00000
-0.8 0.00025
-0.6 0.00044
-0.4 0.00054
-0.2 0.00062
0.0 0.00070
0.2 0.00078
0.4 0.00083
0.6 0.00076
0.8 0.00050
1.0 0.00000
-1.0 0.00000
-0.8 0.00144
-0.6 0.00238
-0.4 0.00291
-0.2 0.00331
0.0 0.00372
0.2 0.00412
0.4 0.00433
0.6 0.00400
0.8 0.00267
1.0 0.00000
TABLE - 2
value of A value of Ny
5.0 0.00015
10.0 0.00240
15.0 0.01221
20.0 0.03858
25.0 0.09416
TABLE - 3
value of A value of N,
5.0 -0.00023
10.0 -0.00399
15.0 -0.02039
20.0 -0.06456
250 -0.15761
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Figure 1. EFFECT OF REYNOLDS NUMBER (n) ON TEMPERATURE DISTRIBUTION
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Figure 2. EFFECT OF ELASTIC PARAMETER (A) ON NUSSELT NUMBER N,



Heat transfer in a second-order fluid flow between two parallel plates 17

o o
M/
o
5 ]
W

,r""/ =

/:,/’
/ o

/

EFFECT OF ELASTIC PARAMETER (1
ON NUSSELT NUMBER ‘NI

$9833895887332359¢8
< Ty

Figure 3. EFFECT OF ELASTIC PARAMETER (A) ON NUSSELT NUMBER, N
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1

TEIVIOTA TIEPEHOCHTbL B TEYEHUH BTOPOI'O NOPAIKA
MERILY IBYMSA NAPAJINTENBHBIMU TAPEJIKAMU,
OIHA U3 KOTOPLIX IBUTAETCH C CKOPOCTIO U(T)

AHanu3 Terulonepenayn B TeKy4Yeil cpelle BTOPOro TMOPANKA MEXIY JIBYMA

apajleNHbIMH IJIACTHHAMHM [IPM YCJIOBMM, KOIJIa OOHA MJIACTUHA NBUTAETCA CO
ckopocTio U(t) Mcnonb3y s METONOM CePHOHOrO PA3NIOMKEHNA B PAL pelleHo y-
pacHeHHMe COXPAHEeHA BHEPIUM C OYeHL MHTEPeCHBIMM BEIBonaMu. [Tocnencreus
M4 pe3yibTaThl napamerpa ynpyroctu (A) Ha umcno Hyccenrta m umcio
Peitwoinca (1) Ha pacnpeneneHue TeMMIepaTyphl ToXe W3yYeHH TIIATEIbHO.
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