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SIMILAR SOLUTIONS OF COMPRESSIBLE LAMINAR BOUNDARY LAYER
EQUATIONS FOR AN AXISYMMETRIC BODY
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ABSTRACT

Similar solutions of the steady laminar viscous compressible fluid at the stagnation point
of an axisymmetric blunt body have been studied taking into account the variation of the

product of density and viscosity across the boundary layers.

skin friction and heat transfer is appreciable.

The effect of this variation op

The skin friction coefficient increases but the

Nusselt number decreases as the total enthalpy at the wall increases.

1. INTRODUCTION

HE solutions of the sfeady laminar viscous

compressible boundary layer equations in
the stagnation region of the two-dimensional
and axisymimnetric bodies have been obtained
by Cchen and Reshotko,! Levy,? and Li and
Nagamatsu,® taking the product of density and
viscosity as constant across the boundary layver.
Kemp et al.* have considered the above prob-
lem 1in the presence of dissociation when the
wall 1s highly cold.

In the present analysis, the solution Df the
same problem 1is obtained without imposing
any restriction on the wvariation of the product
of density and viscosity, the total enthalpy at
the wall, and the Prandtl number The wvelo-
city and the total enthalpy are obtained by
numerically solving the two coupled non-linear
ordinary differential equations. Further, the
skin friction coefficient, the Nusselt number,
and the various characteristics of the boundary
layer are also obtained.

2. FORMULATION AND SOLUTION OF THE
PROBLEM

We shall consider the supersonic viscous fiow
in the axisymmetric stagnation region of a
blunt bedy. It is assumed that the flow 1is
steady, leminar and axially symmetric, In
addition, the fluid is perfect and the wall of
the boundary is not very cold, With these
assumptions, using the notations of Ref.® the
governing eqguations due to similarity require-
ments can be expressed as:

(cry +ff +p (%~ 17) = (1)

(59) +1o = 2 l(E-)crr] @
with the boundary conditions :

£(0) =F(0)=0; § o0) =

g(0)= Gun; g (o0) = 1 (3)

where

ﬁ-— E dug C _ _-E{-

ue ds’ Pelle
and prime denotes differentiation with respect
to 7.
At the stzgnation point,

2
B =}and = — o,
I,

The density and viscosity are given by:

.P_E p—— :I: = * ﬁ = (E)A y

P TE- ¢ e Ts ’ (4J
where A 1s constant and T is the absolute tem-
perature,

The numerical tﬂlutmn of the coupled equa-
tions (1) and (2) with boundary conditions
given by equation (3) was carried out on 803,

C = gh't

Elliot Computer using Runge-Kutta-Gill
method for ($=0-5, 22/I =0, P = 0-72,
=09, g, =0-2 and 0'6, The velocity and

the total enthalpy profiles are given in Fig, 1
and C in Fig. 2. f'(7) and g(n) increase, but
C decreases as g, increases, If the present
results are compared with the corresponding
results of Ref.l, it can be seen that f ” and g,
which determme the skin friction and heat
transfer respectively are reduced due to the
variation of p« in the boundary layer,

3. SKRIN FRICTION, HEAT 'TRANSFER AND OTHER
BounNDARY LLAYER CHARACTERISTICS

The skin friction coefficient, C,, at the stag-
nation point can be expressed as:

3/2 ¢ ¢
C; (Rm]} “'2(gw:f)'§ (5)
where
(3., 5, ()
o, =\l
3 Pelle

is the Reynolds number, du, / dz is the velogity
gradient at the stagnad;mn pumt in the inwisesd
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TABLE 1

Skin friction coefficient, nusselt number, and other boundary layer characteristics

B=0+5, 2,°/1,=0, P=0+72, A=0+3

e —

Ew fo o Cs; (Ree)?  Ng/(Rpy)? D M | 0 ) E B
0-2 0-3464 (-1853 2+1905 1+6377 0:0265 0+5071 0-7906 0+F707
0-6 0-6615 0-1519 24155 0-8951 0+ 4355 0-4173 06601 0-2716

flow, and », is the kinematic viscosity at the where

edge of the boundary layer,
| (K(E:—T) Crx
N — OY 7/
3.0k “ K (I, —1,)

K and C, are conductivity and specific heat
respectively and they are taken as constant
across the boundary layer.

The dimensionless displacement, momentum,
enthalpy-defect and energy thicknesses are
expressed respectively as:

ALPY, g in
L
¥
A

D=ﬂI (g —f) dn; M=ﬂf FF(1—F)dy (1)

E=ﬂff'(1—-g)dn;ﬁ=Jf’(l—-f’z)d’?

VELOCITY fi)) AND TOTAL ENTHN

The skin {friction coefficient, the Nusselt
number, the displacement, momentum, en-
thalpy-defect and energy thicknesses are given
in Table I. The skin friction coefficient and
the displacement thickness increase, but the
Nusselt number, momentum enthalpy-defect

_ and energy thicknesses decrease as the total
o o5 10 8 & n * | | ~  enthalpy at the wall increases,

0.2%
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L

F1G6, 1. Velocity and total enthalpy distributions. 4 CONCLUSIONS

1. The Nusselt number, the displacement,
and energy thicknesses are much more sensi-
tive to the change in the total enthalpy at the
wall as compared to skin friction coefficient,
momentum and enthalpy-defect thicknesses.

2. The effect of the variation of the product
of density and viscosity on the skin friction
coefficient and the Niusseit number 1s quite
appreciable,

4
p <05, -L—Il“-m. P +0.72, A=0.5,

(#p3/ (41e)
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