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Applying the boundary conditions in the first and second
equations of (12), one obtains

Qa*
(14)

and

BI = — ji

Then the displacement (ue)z=o is given by
e(nz — ni)b _

« (15)

To get an idea of how the displacement UQ changes on z = 0
for different values of r, take m = b = 1 and a = kQ = 0.5.
The result is given in Table 1 .

Similar Solutions in Boundary Layer
Slip Flow

A. Pozzi*
University of Naples, Naples, Italy

SOME methods of solution for the boundary layer slip-
flow problem have been suggested (see, e.g., Refs. 1-3).

To check the accuracy of these solutions, one needs to com-
pare them with exact solutions. The purpose of this note
is to show how an exact solution can be obtained by means
of the similar-solutions technique.

The basic equation of the incompressible boundary layer
in terms of Von Mises' nondimensional coordinates can be
written as

UUX = UeUeX + U(UUy)y (1)

where Ue is the outer velocity, with the following boundary
conditions:

uy(x,0) = k (2)

u(x,*>) = Ue (3)

. W(0,2/) = g(y) (4)

Now put uz = f(x) F(z), with z = y/h(x).
The functions f(x) and h(x) must be found from Eqs. (1)

and (2); one obtains
/i/2 _ /, _ 77 — i i rt*.J — i(j — \J e — J- \ ^^

To obtain the function F(z), one needs to solve the follow-
ing equation:

F - (zF'/2) = 1 + (FUW/ZC) (5)

with the boundary conditions

F(oo) = 1 F'(0) = 2&F1/2(0)

Observe that the function g(y) of Eq. (4) is given by F(y).
Equation (5) has been solved numerically, and the results
are shown in Fig. 1 for C = 0.5 and k = 1. Now a satis-
factory approximate solution is given which is obtained by
substituting for F1/2 in Eq. (5) a mean value FTO

1/2(0 < Fm <
1). One has then

F = 1 + A(l + 2f)(l - (7rD-1/2 exp(-f) X
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Fig. 1 Exact and approximate velocity function

where xFi is the confluent hypergeometric function, f =
Cz*/2Fm

l/2, and the constant A is given by

A = 4C
irk (k*Fm 8*V/»V

~ 4 (~C^ + -^)

In Fig. 1 is shown this approximate function obtained by
assuming for Fm the value 0.5.
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Stress Concentrations around a Small
Rigid Spheroidal Inclusion on the Axis

of a Transversely Isotropic Cylinder
under Torsion
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Introduction

IN this note, stresses due to a small rigid inclusion in the
form of an oblate spheroid situated on the axis of a large

transversely isotropic cylinder under torsion have been found.
A corresponding problem for a spherical inclusion in a similar
medium was considered by Chatter ji.2 From the results
obtained here, stresses due to a rigid inclusion in the form of
a prolate spheroid can be deduced by suitable modification.

Solution

The strain-energy function of a transversely isotropic
material in cylindrical coordinates is given by

where

Ci2 = en — 2c66

Considering the large twisted cylinder under torsional stresses
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Table 1 Variation of stress concentration

ry = 0 TT/6 7T/4 7T/3 x/2 |TT |TT |TT TT

2ptr,/P»pckc= 0 0.34 0.36 0.30 0 -0.30 -0.36 -0.34 0

Now, the only boundary condition to be satisfied is
$1 = 0 on £ = a, which gives

A = — (pc&c2/3){ sinha cosha/(d/da)[Qz(i sinha)]}

Hence the total displacement is given by
prevailing at infinity, one assumes

Ur = 0 ^ = # = #(r,z)

The strain elements then are given by
err = eee = ezz — erz = 0

erd =

= 0 (1)

(2)

= -^— <si

From the preceding strain components, the stresses can be
derived as follows:

= PZZ = prz = 0
(3)

Two of the body stress equations of equilibrium are seen
to be satisfied identically, and the third one becomes

(Wdr) + (W&0 + 2(p*/r) = 0
Substituting the values of the stress components from Eq.
(3), one gets

2) = 0 (4)

sinh£ cosh £ —

On £ = a, P& = pw = 0, while

__ (d/drj)Pz(wxiri)
6~~ (cosh2a - cos2?;)1/2

•a) [Qz(i sinha) ] cosh2a —

sinha cosh a

X

\ (d/da)[Q*(i
i sinha) ]\

J

To have an idea of the variation of stress around the in-
clusion, assume, for example, a = 1. Then

Pto .=.
sin rj cosrj

where

=

~ \
(i sinha) ]cosh2a -

~2 (2.3811 - cos2?;)

(t sinha) ]

1/2

(d/da)[Q,(i sinha)] )

where &2 = CU/CM. The inclusion is an oblate spheroid
whose boundary is given by

(r2/a2) + (z2/62) = 1 a > b (5)
The inclusion is supposed to be fixed rigidly. Put z — kz'
in Eq. (4), which then reduces to

(d2$/c)r2) + (l/r)(d#/dr) ~~ ($A2) + (d2$/dz'2) = 0 (6)
The boundary becomes

(r2/a2) + [(z')V(&2A2)] = 1
Assuming k > 1, it will be found that a2 > 62/&2. At a
great distance from the inclusion it is supposed that $( = $1)
is due to torsion of the circular cylinder only. That is, at
a great distance from the inclusion, $1 = pcrz = pckrz', pe
being the twist.

In the case of an oblate spheroid, introduce the transform-
ation given by

r + izf = c cosh(£ + irj)
so that

r — c cosh£ COST;
z' = c sinh£ smrj
1/h2 = c2(cosh2£ — cos2?/)

Variation of p^ on the inclusion for different values of 77
is shown in Table 1.
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If one puts

a = c cosha
c = [Os - (62A2)]1/2

one has ? = a when r and 2' are connected by (7).
(6) now becomes

6/A; = c sinha
tanha = 6/fca

Equation

+

Take as a solution

+

Stagnation Point Heat Transfer of a
Blunt-Nosed Body in Low-Density Flow

REUBEN CHOW*
Polytechnic Institute of Brooklyn, Freeport, N. Y.

A SHOCK-boundary-layer matching scheme has been
introduced in the study of stagnation point heat trans-

fer characteristics of a blunt-nosed body in hypersonic flow
where the boundary layer thickness is of the order of the
detachment distance. The velocity components, stress
components, temperature, heat flux, pressure, and density
are matched on a matching surface, which can be deter-
mined uniquely from the analysis. The heat transfer results
merge with those developed in Ref. 1 for large Reynolds
number and show smooth transition from high Reynolds
number to Reynolds number of the order of 50 [Res —

taniy] = 0

where P2(sm^) and Qi(i sinhQ are Legendre functions of the
first and second kind, respectively. For large £, $1 = pckcz

sinh^ cosh£ sin?; cos 77.
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