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Navier-Stokes Equation

0 1 dBly,
a(é\/ﬁ r’ sin O g\(r{fé;ﬂ

r’sin’ 6 \or r 09

2
+ 2E Wxa_wcose_la_\llsin ej = VE4\V

Creeping Flow ._} E4\|]

=0

ME 527

G. Ahmadi

Navier-Stokes Equation

82+sin98(1 ajz 0
o 12 oolsineoe)| "

Creeping Flow Past a Sphere

Clarkson

Univer sity

Vg = 21_ a—\V=O at r=R
r-sin0 00
Boun_dc_’:lry S ! v _, R
Conditions 1rsme or
\p=5Uwr2 sin’ 0 as r— o
ME 527 G. Ahmadi
Clarkson

Creeping Flow Past a Sphere

University

Let

<
I
—
—_
=
~
2.
=)
[\
[@n)

Solution I:} f(r)=§+}3r+Cr2+Dr4

T

2 2
NSy 2L 2
dr* r* )\ dr* r?

Solution

l:} f(r)= Ar™

ME 527

[(m—2)m-3)-2][m(m-1)-2]=0

m=-1,1,2,4

G. Ahmadi

3
SRR .:} v=| 1R 3reilelu sinte
Function 4 r 4 2

Velocity
Field

ME 527

=)




Streamline

Clarkson

llllllll

4 r 4

o[1E el

2

jU sin” @

Viscous
Flow

Potential
Flow

ME 527

Moving Spliere-Streamlings Flarksen
Viscous o~
Flow : E

v = (%RTS—%RI]U sin2 0

Potential
Flow

\|/=—%RT3U sin® 0 \__

ME 527 G. Ahmadi

Pressure and Drag ¢arksen
Navier-Stokes Equation

P = 3HR3U°° cos O o = 3HR[2J°° sin 0

or r 00 2r

P=Pw—3MRU cosO
2r?
Shear Stress
o, - u(l&vr . ov, j _ _Uwusine(l_?a_R 5R3 j
r 00 or r dr  4r

ME 527

G. Ahmadi

Stokes Dra

Clarkson

lllllll

Drag

D= —JZ (T, |, sSin@+P|,_, cos®)2nR? sin HdO

D=4nuU_R +2nuU_R = 6mtpU_R

Drag Coefficient

- D2

pU_ (2R)

Re =

lpUiTERz Re
ME 527 2 H

G. Ahmadi

8/23/2018



Oseen Drag

Clarkson

University

Oseen’s -:l'> Vv~ U ov
Approximation VovvE L. ol
N-Slc}l%+Uw@:—lVP+vv2v v

ox P

Drag 241

_ 3 9 _,
Coefficient CD_R_e_1+ERe+ﬁRe 1nRe+..}

8n
Dragona | |C,=— 8 y=0.577216...
Cylinder Re 0.5—y+ln[ j
| Re
ME 527 G. Ahmadi

Empirical Formula

Clarkson

University

Drag on a Sphere
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