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*
A'bstract

An analysis of heat transfer in boundary layer flow of an clastico viscous fluid (Walters® liquid [37) past a sem
infinite flat plate has been carried out by assuming the plate temperature to vary such that T, - T, = Ax",
where N is a constant. Here T, is the temperature of the plate and T, is the temperature of the {rec-siream.
Scries solutions have been given and the resulting ordinary differential cquations have been integraled
numcrically. It has been observed that an increase in K (clastic paramcter) leads to an incrcase in the temperature
and a [all in the rate of heat Iransfer, whereas an increase in N leads to a fall in temperature and a rise in the rate
of hecat transler.
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Introduction

Heat transfer in boundary layer flow of a Ncwtonian (luid past a semi-infinite platc was studicd by
Eckert (1942) by assuming the variable plate temperature. This is discussed in Schlichting (1968). In
modern technology, many new {luids were discovered after World War 11, which are not Newtonian in
character and hence these are not governed by the Navicr-Stokes equations, The constitutive cquation
of such fluids, not obeying Newtonian-laws were given by different rescarchers like Oldroyd (1949)
and Beard and Walters (1964) etc. Walters® theory is based on the concept of vanishing memory in the
fluid, i.c. fluids which exhibit small clastic property and these are known as Walters’ liquid [3°. The
boundary layer flow of Walters’ liquid B’ near a stagnation-paint was analyscd by Beard and Walters -
and latcr on Soundaigekar and Vighnesan {1980) studicd the heat-transfer aspect of this problem. The
heat-transfer aspect of boundary layer flow of Wallers’ liquid B* past a semi-infinite flat platc was also
studied by Soundalgckar and Murty (1981) by assuming constant plate temperature. However, this
assumption is rather resirictive in practice. If the plale temperature vaties as somce power of the
distance from the leading cdge, how the rate of heat transfer is affccied in the boundary layer flow of
Walters' liquid B, past a scmi-infinite Nat plate? This is the motivation for studying this physical
situation.

Mathematical Analysis

We consider the flow of Walters’ liquid B’, with vanishing memory, past a semi-infinitc flat plate
with the x-axis measured from the {cading cdge of the plate and the y-axis measured normal to the
platc. The constitutive equations characterising the elastico viscous liquid B' are ’

Pic = P8+ Py M
' ax' ax®
i X X
p' k(x, l) = ZI‘ltl(l—t')F a—.rcg: (X', l')d[' (2)
-0 X
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where p; is the stress-tensor, p an arbitrary isotropic pressure, g;, the metric tensor of a fixed co-
ordinate System x', x*' the position at time t’ of the element which is instantaneously at the point x' at
time t, e’;, the rate of strain tensor and

W (1-1) -fNi‘) exp[-(t-1') /1) dr
0

N{(t) being the distribution function of relaxation time T. Walters (1964) has shown that in the case of
liquids with short memories (i.e. short relaxation times), the equation of state can be written in a
simplified form as

(hik

i i de
o p’ = 2 e o2k = (3)
at
¢ H
where n, = fN (t)dr is the limiting viscosity at small rates of shear K; = ftN {(t)dr and
0 ‘ 0

f-denol% the convected differentiation of a tensor quantity, which for any contravarient tensor b’* is
t

given as
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where V' is the velocity vector.

From these equations, Beard and Walters have derived the boundary layer equation which is given
as follows:

v ov Toguw Kol o o auwol ol S
x5y Pay? P | axar  av 9% gy2 y axdy ©)
Yy Pay axay” 9y gy~ oY oxdy
The continuity equation is
du dv 0 6
—— — =
ax oy - ©

and the energy equation, on neglecting viscous dissipation heat, is

OT 9T _ 3T ;
—_— V— = O——
aX adY ay? ()
where a = K/ {pc))

The boundary conditions are

u=0,v=0,T=T_(x) aty=0
w y )

u= Upv= 0, T>T, asy—>

All the physical variables are defined in the nomenclature.
On introducing the following usual boundary layer transformations,
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U
0
n=y o ) (B ./Uovxf(n)

vU
u= Uof',V= -12- ’To(nf‘ -f) *

T-T,

N
0= ——, T _(x)=T_= Ax
T, (x)-T, wl

Pr = "lon/K (the Prandd number)
K = K, U,/pvx (elastic parameter)

in Egs. (5) 10 (7), we get

1 K
o =28 22 _
— szm 2 [ffm L - ffnnnr.] (10)

1
0" +5Prf0' —-NPrf'¢ = 0 (11)

with the following boundary conditions:

f=0,f=0,6=1 atn=20 (12)
ff=1,0=0 asm—>cw

Here f = —
n an

Equation (10) is still not an ordinary equation as the parameter K is a function of x. As K is a small
quantity for these fluids, we have K<< 1. This also helps us to overcome the mathematical difficulty
viz. a fourth order equation with three boundary conditions. Hence we now assume

f= fy+Kf, 0= 0,+K0 (13)

Table 1 Values of {-8'(0)}

Pr K/N 0 1 2

2 0 0.4223 0.6856 0.8329
2 0.05 0.4190 0.6799 0.8256
2 0.1 04158 0.6741 0.8184
5 0 05766 0.9325 1.1317
5 0.05 0.5719 0.9243 1.1216
5 0.1 0.5671 0.9161 1.1115
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Substituting (13) in Egs (10) to (12), equating the coefficients of different powers of K, neglecting
those of K¢, we get a set of ordinary differential equations which are solved numerically on a
computer. The numerical values of 8=03+K8, are shown graphically for different values of Pr and N
( =1)and K=0.05,0.1,0.2.
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Fig. 1 Temperature Profiles

Knowing the temperature field, we now study the rate of heat transfer. It is given by

q=-K— (14)
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where K is the thermal conductivity of the fluid. In view of the transformations (9), Eq. (14) reduces to
the following:

UO
K }— (T, (x) -T,) -0’ (0)
vX

The numerical values of {-0'(0)} arcenteredin Table 1.

q(x) (15)

Results and Discussions

We observe from Fig. 1 that an increase in K Icads to an increase in the temperature of the fluid
when N ( = 1). But as N increases, the temperature of the fluid falls when Pr and K are constant. Also,
an increase in the Prandtl number Pr leads to a fall in the temperature of the elastico-viscous fluid.  #

Also, we conclude from Table 1, that for Walters' liquid B’, duc to the presence of the elasti
property in the fluid, the rate of heat transfer decreases as compared to the ordinary Newtonian fluid,
and its decreases more when the ¢lastic parameter K is increased. However, the rate of heat transfer
increases with increasing N or the Prandtl number Pr.

Conclusions

An increase in K Icads 1o an increase in the temperature but a fall in the rate of heat transfer.

There is a fall in temperature and a risc in the rate of heat transfcr due to increasing N.
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Nomenclature

P, = slresstensor fik = contravariant tensor T, = temperature of the plate
p = an arbitrary isotropic v! = velocity vector 1, = temperature of the fiuid
pressure u,v = velocity components far away trom the plate
g;x = metric tensor along x, y directions q = rate of heat fransfer
e';, = rate of strain tensor X, Y = coordinate axes Y = slream-function
N () =distribution function of v = kinematic viscosity 0 = non-dimensional
relaxation times ¢ T = temperature of the fluid temperature
N = "métlng glscosny defined  « = thermal diffusivity Pr =.prandt number
in . ) . .
q- 3) U, = fluid velocity outside the K = non-dimensional elastic
K, = small rates of shear boundary layer parameter



