EXAMPLES OF SUPERPOSITION IN POTENTIAL FLOW

In this lesson, we will:

Show some examples and applications of Superposition in Potential (Irrotational) Flow
Introduce the Method of Images and how to apply it to potential flows
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Flow Over a Circular Cylinder Vi

Given: Superpose a uniform stream of
velocity V. and a doublet of strength K at the
origin.

To do: Plot streamlines, and discuss the flow
that results from this superposition.

Solution:

e We simply add up the stream functions for
the two building block flows:

L — sin Hﬁ] Figures from Cengel and Cimbala, Ed. 4.
l// = l//freestream + l//doublet = Vooy - K
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e But we know that y:rsm@,thus, w=V rsind-K r 'ﬁ

e For “convenience”, and with hindsight, we
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choose toset w =0atr=a 2 ?ﬁi
[It turns out that radius a is a special radius that — —

becomes the radius of the circle.]
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e Set 7 = a in our equation for the stream
function:
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e Then our final expression for y becomes

2
=V, sin@[r—a—j
r

e Plot streamlines: [we plot nondimensionally,
setting x *=x/a and y*=y/a]
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e From our equation for i above, we can
calculate the velocity field from the definition
1 oy oy (r*=1)

=30 Uy = "o See text for details. On the cylinder (» = a),

4, =0 Uy =2V, sin0| VELOeY camaNewty of e WAL OF THE chundeR
e We then apply the Most Beloved Bernoulli Equation to generate an expression for the
pressure field P4 L fv"_., P+ rv:
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e We define the pressure coefficient, C,= I N7

0 o0

e On the cylinder, it turns out that LCP =1-4sin’ | where fis the angle from the nose.




(@p -95")

V. Sne U < ‘ZV
o SPCE_a

Ffb n¥

$gashsn P m" IH,M‘\IM Yot
LI AL

\oa-ltm

MAX P @ the two

-f
® S‘\'&anh'ﬂ Pcmtd

\) Nenee: P J‘ynmo'\n'b
bith foat & bk
Front SP Rear SP, [ Yoy ¢ lootVom

] / DRA¢ = 0 On ANY

Free-stream Non-LIETNG Booy N
pressure LRROTATONAL FLOW

D Alemloerks  Poccbox
OUR  FoTENTIAL Frow ANALYSS

LAMINAR BL onN THe
CluNsen  WALLS

2
Top Q “«

TURGULENT BL oN THE
-3 I B A S B N S B N N N CNULNDER WALY

0 30 60 90 120 150 180 —< -
S, degrees v.*.?i,-“_)._i-




The Method of Images
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