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The flow on 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 stream, was considered in Part I. This paper
deals with the case when the symmetry axis makes some non-zero angle
with the direction of the stream. The method adopted is the same as used
in Part I, The various characteristics of the boundary layer have been
computed for a specific thickness ratio, viz. 4-0867, for three different angles
of incidence 5, 10° and 15°. Calculations show that the separation on the
lower surface disappears when the angle of incidence exceeds a certain value
near about 6 degrees. The corresponding thermal boundary layer has also
been computed using the method of H, B. Squire and the values of the ratio
N[y/R (N—Xusselt number; R—Reynolds number) are given.

1. INTRODUCTION
In the first part we studied the boundary layer on a cylinder with sym-
metric cross-section bounded by two equal circular arcs, placed in a uniform
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Fi1g. 1. Perimeter of the section = 2i.
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stream with its symmetry-axis parallel to the direction of the stream. This
paper deals with the case when symmetry-axis of the section is inclined at
some non-zero angle with the direction of the stream. The method adopted
for computing the boundary layer is the same as used in Part I.
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F1c. 2. Potential velocity distribution funetion on a cylinder with symmetric cross-section
bounded by two equal circular arcs, the symmetry axis being inclined at an angle to
the direction of the stream,

The calculations have been made for a specific thickness ratio, viz.
a/b = 40867, for three different angles of attack, viz. 6° 10° and 15°. The
results thus obtained, along with the results in the case with zero angle of inci-
dence—for the sake of comparison—have been exhibited graphically (Figs. 2-8).
It will be interesting to note that the separation on the lower surface disappears
when the angle of incidence exceeds a certain value near about six degrees.
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2. OuTLINE oF THE COMPUTATION PROCEDURE

The complex potential, when a circular cylinder of radius a is placed
with its centre at origin in a uniform stream with circulation 2#% and velocity
U, making an angle « with the negative direction of the real axis, is given by
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With a suitable choice of the value of %, any point on the cirenmference of
the cylinder can be made a stagnation point.

The relation
s—na [Z,’—aJ" @)
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with 1 < n < 2 transforms the above circle, viz. |{|= «, into a circular arc
profile. The points A and B on the real axis in the z-plane correspond to the
points A’ and B’ on the real axis in the {-plane. The value of the complex
potential w thus determined from eqns. (1) and (2) together, however, gives
an infinite value for the velocity at the sharp corners 4 and B.

But if we take & = —2aU , sin a, the velocity at the point 4’ and at the
corresponding sharp corner, 4 becomes zero. The potential velocity on the
backward sharp corner B, however, cannot be made finite because of there
being only one adjustable quantity, viz. circulation. But this does not reduce
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F16. 3. Shape factor (a/b = 4'0867).
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the value of our results as the flow, in fact, separates from the wall much before
the backward sharp corner is reached. In case when there is no flow separation
(on the lower surface) the results may be assumed as correct only up to a
certain point before B.
Now the velocity on the boundary in this potential flow, with k = —2aU
sin a, is given by
nm
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With the potential velocity thus determined, the scheme for obtaining the
various results is the same as indicated in Part 1.
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F16. 4. The displacement thickness of the boundary layer {a/b = 4-0867).
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3. REesurrs
The various results obtained have been exhibited graphically in Figs. 2-8.

In these figures % = ( represents the leading edge A4 ; the positive values of

% correspond to the points on the upper surface and the negative values to

the points on the lower surface of the cylinder. The point of separation in
each case is given in Table I.

TaBLE I

Point of separation «[{ for

Upper surface Lower surface

5¢ 0-6118 —0-8171
10° 0-5360 No separation
15° 0-4722 No separation
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Fig. 5. The momentum thickness of the boundary layer (a/b = 4-0867).
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Fi1a. 8.  The boundary layer thickness (a/b = 4:0867).

Fia. 8. Local rate of heat transfer around a cylinder with symmetrio cross-section bounded
by two equal circular arcs, the symmetry axis being inclined at an angle & with the
direction of the stream. Nusselt number N and Reynolds number R, both referred
to 1, the semi.perimeter of the eross-section.
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F1a. 7. Shearing stress at the wall (a/b = 4-0867).
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