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Outline
• Irrotational Flows
•  Simple Flows
•  Source/Sink Flows
• Vortex Flows 
•  Doublet Flows
•  Flow Superposition
•  Flow over a Cylinder
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If  1 and 2 are velocity 
potentials, then 

ME 326 G. Ahmadi

)rlnr(lnm 21  )rlnr(lnm 21 

)(m 21  )(m 21  r1 r2
2

Source + Sink

2
1

2
1

2
1 )yy()xx(r  2

1
2

1
2

1 )yy()xx(r 

1

11
1 xx

yytan



 

1

11
1 xx

yytan



 

1

ME 326 G. Ahmadi

rlnmxU   rlnmxU  

  myU   myU

Uniform +Source

2r
mxU

x
u 




  2r
mxU

x
u 




 

2r
my

y
v 




 2r
my

y
v 






Stagnation Point 

0y

a
U
mx






0y

a
U
mx






Stagnation Streamline

)(ay  )(ay 



2/21/2016

4

ME 326 G. Ahmadi

U

2a



r

x

y0
2

 0
2



0
r

v
ar

arr 







0

r
v

ar
arr 









 
cosrUxU

r
 

cosrUxU
r

ME 326 G. Ahmadi












Kcos)
r
ar(U

K
r

coscosrU

2












Kcos)
r
ar(U

K
r

coscosrU

2

rlnKsin)
r
ar(U

rlnK
r

sinsinrU

2












rlnKsin)
r
ar(U

rlnK
r

sinsinrU

2












Uniform + Doublet+ Vortex






U
a2






U
a2

ME 326 G. Ahmadi

Stagnation Stream Function alnKStag  alnKStag 

Stagnation 
Points aU2

Ksin

ar

1







aU2
Ksin

ar

1











  cos)
r
a1(U

r
v 2

2

r 



  cos)
r
a1(U

r
v 2

2

rVelocity 
Field

r
Ksin)

r
a1(U

r
1v 2

2





  r
Ksin)

r
a1(U

r
1v 2

2





 

ME 326 G. Ahmadi

0)
a
rln(Ksin)

r
ar(U

2

 0)
a
rln(Ksin)

r
ar(U

2



Stagnation 
Streamline

K=0

0sin)
r
ar(U

2

 0sin)
r
ar(U

2





2/21/2016

5

ME 326 G. Ahmadi

0)
a
rln(Ksin)

r
ar(U

2

 0)
a
rln(Ksin)

r
ar(U

2



Stagnation 
Streamline

K/2Ua<1

ME 326 G. Ahmadi

K/2Ua=1

K/2Ua>1

ME 326 G. Ahmadi

0vr  0vr At r=a
a
KsinU2v   a
KsinU2v  

)sin4sin41(U
2
1PP 222   )sin4sin41(U
2
1PP 222  

aU
K




aU

K
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Source Near  
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Concluding Remarks
• Irrotational Flows
•  Simple Flows
•  Source/Sink Flows
• Vortex Flows 
•  Doublet Flows
•  Flow Superposition
•  Flow over a Cylinder


