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Pohlhausen’s method is used here to study the flow ofi a cylinder with
symmetric cross-section bounded by two equal circular arcs when it is placed
in a uniform stream with its symmetry axis parallel to the direction of the
main stream. The various characteristics of the boundary layer, viz.
momentum thickness, displacement thickness, shearing stress at the wall,
ete., at various points along the profile have been computed for four different
values of the thickness ratio, viz, 1-1074, 2-0278, 4-0867 and 8-:0476. The
point of separation is also indicafed in each case. The results obtained are
very much similar to those for a circular cylinder exeept at the sharp edge
where a difference is, of course, expected. Interesting to note is the peculiar
behaviour of the shearing stress at the wall 7y on the leading edge, where
it is zero or infinite according as the thickness ratio afb < or > 2-4142. In
the critical case when a/b = 2.4142,

The corresponding thermal boundary layer has also been computed using the

method of H. B. Squire. The values of the ratio NJJ/E (N—Nusselt
number; R—Reynolds number), for the same values of the thickness ratio
as previously, are given.

1. INTRODUCTION

In this paper we have studied the boundary layer on a cylinder with
symmetric cross-section, bounded by two equal circular arcs, placed in a
uniform stream with its symmetry axis parallel to the direction of the stream
(see Fig. 1). The method adopted for computing the boundary layer is that
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Fi1a, 1. Perimeter of the cross-section = 2[.
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of von Karman and Pohlhausen with the further approximation suggested
by A. Walz (see Schlichting 1960, pp. 243-51).

The results of the calculations in regard to the various quantities of
interest, viz: momentum thickness (8), displacement thickness (8*), shearing
stress at the wall (r,) and the boundary layer thickness (8) at various points
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Fic. 2. Potential velocity distribution function on a cylinder with symmetric eross-section
bounded by two equal circular arcs, the direction of the stream being parallel to the
axis of symmetry.

along the profile are exhibited graphically (Figs. 2-8) for four different values
of the thickness ratio. The location of the point of separation in each case
has also been indicated.

We have also calculated the corresponding thermal boundary layer,
using the method of Squire (1942; also Schlichting 1960, pp. 321-22) which
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is a natural continuation of Pohlhausen’s approximate method used above
for calculating the velocity boundary layer. 1In these heat transfer calculations
we have assumed the Prandtl number to have the value unity. The values
of the ratio N/A/R (where N is the Jocal Nusselt number and R is the Reynolds
number, both referred to the semi-perimeter of the cross-section as the

characteristic length) for the same values of the thickness ratio as previously
are shown in Fig. 9.
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Fic. 3. Shape factor A,

2. OuTrLINE oF THE COMPUTATION PROCEDURE

The complex potential for the streaming of a perfect fluid past a cylinder
of the assumed shape of cross-section is given by (Milne-Thomson 1960, § 6.51).
w=Ua°-2—c—b-cot£, z=iccot—€, { = ¢4im, .. )]
n n 2
with 1 <n < 2.
. . nw
The velocity in the potential flow on the boundary is then given by £ = -, so0
that
~l_7_ _ 4 cosh n—cos ¢ @)
= . 2
U cosh %—?+1

With the velocity U(x) thus obtained from the potential theory (x being the
arc-length measured along the wetted wall), the sequence of steps for calcu-
lating the velocity boundary layer is the following*:

* Throughout this work we have followed the scheme of equations given in Schlichting’s
book already referred to.
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(i) The momentum thickness 6 is given by

gz 0470 (7
= = 5dxr
Z—.v 776 f“Ud:r. .. .. o {8)
(ii) The shape factors K and X are determined from
. ar
K=2. dr
37 1 1 9)2
= (51_5—574_5)‘_967—-2)‘ A @
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xfy
Fie. 4. Displacement thickness of the boundary layer.
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(iii) The displacement thickness 8* and the boundary layer thickness &
are then given by

3_ L,
o 10120
'0— — —31 _ ﬂ_-l.-l A_ 1 AE . - . . . . (5)
315 045 9072
o* 3 1
T =10 120" (6)

(iv) The shearing stress at the wall ~; is determined by

700 _ o1 (37,,_L - )
ar = B g — et e - o 0 @

(v) The velocity distribution is found from

%:(21;—2173+1;4)+%/\(f)—3n2+3773"774), R )

where 7 = < | y being the distance from the wetted wall.
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Fi1e. 5. The momentum thickness of the boundary layer.
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The calculation of the thermal boundary layer 8, reduces itself to finding
A from the equation

U4fo.de
—_0 .. .. )

Rt

2

H( Usd
8 :
where A = gf and H (A)is a known ubiversal function of A (cf. Schlichting
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F16. 8. Boundary layer thickness.
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1960, pp. 321-22). The determination of A from (9) may be carried out by a
process of successive approximations. Starting with the initial assumption
that A = const., we get

, | U fo Ude

AZH(A)= 7

N -

' J.; Usdz '

The resulting values of A (and the corresponding values of H) are used in the

right-hand side of (9) to compute an improved value of A. Two or three
iterations are found to be sufficient. The values of  are given by

“qo __ v d -
8~-—34me(/ dx.

. 2]
Thence we determine 8, = A .8 and the local Nusselt number N, = 5 where
I

the characteristic length  is taken to be the semi-perimeter of the cross-section
of the cylinder. As mentioned earlier, we have taken P = 1 in the calcula-
tions presented here.

3. REesurnts

The various results obtained have been exhibited graphically (Figs. 2-9).

The point of separation (;) for various thickness ratios (%) is given in Table 1.
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Fig. 7. Shearing stress at the wall,
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TaBLE 1
g 1-1074 2.0278 4-0867 8-0476
%' 0-6024 0-6353 0-6911 0-7635

THICKNESS RATIO &/6 - 40867

SEPARATION
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Fia. 8. Velocity profiles in the boundary layer on a oylinder with
syminetric cross-section bounded by two equal circular arcs,
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F1a. 9. Local rate of heat transfer around a cylinder with symmetric cross-
section bounded by two equal circular arcs, Nusselt number N and
Reynolds number R, both referred to [, the semi-perimeter of the cross-
section (P = 1).
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Interesting to note is the peculiar behaviour of the shearing stress at the

wall 7, near the leading edge, where it is zero or o according as ;—f< or

a
> 2:4142, in the critical case when 3= 2-4142,
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