
8/23/2018

1

ME 527 G. Ahmadi ME 527 G. Ahmadi

Creeping Flow Equation
Stream Function
Boundary Conditions
Pressure Variations
Stokes Drag
Oseen Drag
Drag on a Droplet

ME 527 G. Ahmadi

2R



r
U

z

ME 527 G. Ahmadi













cosrz
sinsinry
cossinrx













cosrz
sinsinry
cossinrx







sinr
1v 2r 





sinr
1v 2r rsinr

1v




 rsinr

1v






Stream Function

r



x

y

z



8/23/2018

2

ME 527 G. Ahmadi

   
 







 






















4
22

2

2

2
2

Esin
r
1cos

rsinr
E2

,r
,E

sinr
1E

t
   

 







 






















4
22

2

2

2
2

Esin
r
1cos

rsinr
E2

,r
,E

sinr
1E

t

Navier-Stokes Equation

0E4  0E4 Creeping Flow

ME 527 G. Ahmadi

0
sin
1

r
sin

r

2

22

2

























 0

sin
1

r
sin

r

2

22

2









































































rassinrU
2
1

Rrat0
rsinr

1v

Rrat0
sinr
1v

22

2r















































rassinrU
2
1

Rrat0
rsinr

1v

Rrat0
sinr
1v

22

2r

Boundary 
Conditions

Navier-Stokes Equation

ME 527 G. Ahmadi

N-S

   2sinrf    2sinrfLet

  0rf
r
2

dr
d

r
2

dr
d

22

2

22

2


















   0rf

r
2

dr
d

r
2

dr
d

22

2

22

2




















  mArrf   mArrf 
       021mm23m2m        021mm23m2m 

4,2,1,1m  4,2,1,1m 

Solution

ME 527 G. Ahmadi

Solution   42 DrCrBr
r
Arf   42 DrCrBr
r
Arf 









 

22
3

sinUr
2
1Rr

4
3

r
R

4
1









 

22
3

sinUr
2
1Rr

4
3

r
R

4
1























cos
r
R

2
1

r
R

2
31

U
v 3
r 






















cos
r
R

2
1

r
R

2
31

U
v 3
r























 sin
r
R

4
1

r
R

4
31

U
v 3























 sin
r
R

4
1

r
R

4
31

U
v 3

Stream 
Function

Velocity 
Field



8/23/2018

3

ME 527 G. Ahmadi

Potential 
Flow









  3

3
22

r
R1sinrU

2
1









  3

3
22

r
R1sinrU

2
1

Viscous 
Flow









 

22
3

sinUr
2
1Rr

4
3

r
R

4
1









 

22
3

sinUr
2
1Rr

4
3

r
R

4
1

ME 527 G. Ahmadi

Potential 
Flow

 
2

3

sinU
r
R

2
1

 
2

3

sinU
r
R

2
1

Viscous 
Flow









 

2
3

sinURr
4
3

r
R

4
1









 

2
3

sinURr
4
3

r
R

4
1

ME 527 G. Ahmadi

Shear Stress

Navier-Stokes Equation
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Drag Coefficient
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● Creeping Flows 
● Stream Function
● Pressure Variations
● Stokes Drag
● Oseen Drag
● Drag on a Droplet
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