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Summary : An Analysis of the effects of viscous dissipative heat on the temperature
and rate of heat transfer in the flow past a continuously moving flat porous plate has
been carried out. It has been observed that greater viscous dissipative heat causes a rise
in the temperature and a fall in the rate of heat transfer for both suction and Injection.

Introduction

Sikiadis [1] has shown that the flow past a continuously moving plate is different
from the flow past a stationary plate studied by Blasius [2]. Tsou, Sparrow and Goldstein
[3] studied the heat transfer aspect of continuously moving flat plate without considering
viscous dissipative heat. But when the velocity of the plate is rather high in an
incompressible fluid or when the Prandtl number, of an incompressible fluid is high, the
viscous dissipative heat does play an important role in heat transfer problems. Hence,
such a study was recently presented by Soundalgeker and Murty [4] in case of continuously
moving flat plate.

The effects of suction and injection on the flow and heat transfer past a continously
moving porous plate were studied by Erickson, Fan and Fox [5] without taking into
account viscous dissipative heat. It is now proposed to study the viscous dissipative heat
effects on heat tranfer in flow past a continuously moving porous plate. In Section 2, the
mathematical analysis has been presented and in Section 3, the conclusions has been set
out.

Mathematical Analysis

Here the x-axis is taken along the porous moving sheet in a stationary incompressible
viscous fluid and the y-axis is taken normal to it. Then the flow and heat transfer of an
incompressible viscous fluid under boundary layer approximation are governed by the
following equation :
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Here primes denote derivative with respect to 1. Alsof,, > 0 indicates suction and
f,<0 indicates injection. For E=0, equations (5) and (6) subject to the boundary conditions
(7) have been solved by Erickson et al. [5]. We have solved equations (5) and (6) under
boundary conditions (7) numerically on a compulter. Velocity profiles have been shown
in Ref. [5]. In integrating encrgy, the fluid considered is air (Pr = 0.71) and a fluid with
Pr = 2. The temperature profiles are shown on Fig. 1 for E=0, 0.01, 0.02 and for different
values of suction and injection. We observe from Fig. I that both in the presence of
suction and injection, presence of viscous dissipative heat causes a rise in the temperature.
An increase in suction velocity leads to a fall in temperature whereas increase in injection
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velocity leads to a rise in temperature. In the presence of both suction and injection, there
is a fall in temperature due to increase in Prandtl number.

Knowing the temperature field, we now study the rate of heat transfer. In terms of
Nusselt number, it can be expressed as

: ___ xq,
Nu/\Re = [’ (0)), Nu = kT - T)

The numerical values of { =0’ (0)} have been calculated and they are entered in
table 1. We conclude from this table that both in the presence of suction and injection,
there is a fall in the rate of heat transfer due to the presence of viscous dissipative heat.
An increase in suction velocity leads to a rise in the rate of heat transfer and 1t decreases

due to increasing injection velocity. The Nusselt number also increases with increasing
the Prandtl number of the fluids.

Conclusions

I. An increase in E leads to a rise in the temperature of the fluid and a fall in the rate
of heat transfer in the presence of both suction and injection.

2. An increase in suction velocity leads to a fall in temperature and a rise in the rate
of heat transfer, whereas opposite is the case of injection effects.

Table 1
Values of (=0 (0))

m-——-_—i-w

Pr E : -0°(0)
0.7 0.0 -0.1 0.331366
0.7 0.01 -0.1 0.329834
0.7 0.01 -0.5 0.259241
0.7 0.02 -0.1 0.328301
2.0 0.01 -0.1 0.619036
0.7 0.0 0.1 0.370980
0.7 0.01 0.1 0.369246
0.7 0.01 0.5 0.456041
0.7 0.02 0.1 0.367512
2.0 0.01 0.1 0.742075
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FIG.1. TEMPERATURE PROFILES
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FIG. 2. BOUNDARY LAYER ON A MOVING CONTINUOUS
FLAT SURFACE WITH INJECTION
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