PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103

Plan for Lecture 36:

1. Chapter 12: Effects of viscosity in
fluid motion

2. Stokes’ viscosity relation
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Signup for PHY 711 Presentations

Wed. December 3, 2014

Time Name Title
10:00 AM Lauren Nelson
10:25 AM

Fri. December 5, 2014

Time Name Title
10:00 AM
10:25 AM
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Brief introduction to viscous effects in incompressible fluids

Stokes' analysis of viscous drag on a sphere of radius R
moving at speed u in medium with viscosity 7 :
F,= —77(67:Ru)

Plan: -
1. Consider the g Sity on fluid
equations

2. Consider the solution to the linearized equations
for the case of steady-state flow of a sphere of
radius R

3. Infer the drag force needed to maintain the
steady-state flow
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Newton-Euler equation for incompressible fluid,

modified by viscous contribution (Navier-Stokes equation):

Y. n

ot applied
P
v Kinematic viscosity

ﬁ+(V~V)V=f Viv

Typical kinematic viscosities at 20° C and 1 atm:

[ Fluid [ __v(mis)
Water 1.00 x 106
Air 14.9 x 10°
Ethyl alcohol 1.52x 10°®
Glycerine 1183 x 10©
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Stokes' analysis of viscous drag on a sphere of radius R
moving at speed u in medium with viscosity 77 :
Fpy= _77(67ZR“)

Effects of drag force on motion of

particle of mass m with constant force F :

F—67zR77u=m% withu(0)=0

767:R271
= u(t) :6753(1_6 " j
n
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Effects of drag force on motion of

particle of mass m with constant force F:

F—67rR77u=m% withu(0)=0

767[R”1
Du(t)z&;(l—e m j
n
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Recall: PHY 711 -- Assignment #21  Nov. 03, 2014

Determine the form of the velocity potential for an
incompressible fluid representing uniform velocity in the z
direction at large distances from a spherical obstruction
of radius a. Find the form of the velocity potential and the
velocity field for all r > a. Assume that the velocity in the
radial direction is O for r = a and assume that the velocity
is uniform in the azimuthal direction.

V=0

3
o(r,0)= (— VoI + \)20R2 jcos 0
r
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Newton - Euler equation for incompressible fluid,
modified by viscous contribution (Navier - Stokes equation)

app

ov \%

—+(V~V)V=f Mf—p+QV2V

ot P

Continuity equation: V-v =0 Irrotational flow: Vxv=0

Assume steady state : = ? =0
t

Assume non - linear effects small

Initiallysetf, .. =0;  Vp=nVv

app
Assume Vv = Vx(fo(r)u)+u
where  f(r)——=—0
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Digression

Some comment on assumption: v =Vx(Vx f(r)u)+u
Vx(VxA)=V(V-A)-V’A

HereA=V><f(r)u

Vxv=0=Vx(VxA)=-V’A

Alsonote: Vp=nV’v

= VxVp=VxpViv or V3(Vxv)=0
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V:Vx(fo(r)u)+u

u=uz
Vx(Vx f(r)z)=V(V- £(r)z)-V*f(r)z
Vxv=0 :>V2(V><v)=0

VHVxf(r)z)=0 =V (V/(x2)=0 =V'f(r)=0

f(r)=Cr*+Cyr+C, +g
-

v, =ucos9(1—g£)=ucosﬁ(l—4q —&—&)
,

3

rdr r
2
v, =—usinf l—d—{—lﬁ =—usin9(l—4Cl—Q+C—;‘)
dr”  rdr ror
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v, :ucosﬁ(l—gﬂj:ucos€[1—4Q _26 —Z—C;“
,

rdr

v, = ucosﬁ(lfg@) = 7usin9(174C] -

rdr
Tosatisfy v(r >o)=u: =C, =0
To satisfy v(R) =0 solve for C,,C,
3
v, = ucos0(1—32R+R]

3
r 2r

4 4F°

3
Vo =usin9[13RRj
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3
v, =ucos9[1—3R+RJ

2r 210

3

Vo =—using 1—3—}3—1!3—3
4r 4r

Determining pressure :
3R

Vp=nViv= —nV[u cos H(ZD
2r

)
= p=p,—nucosb| —
2r
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= p, —Nucos 9(£j
p pO ’7 2}"2
Corresponds to:

47 R*
0s 6

Fy :(p(R)_po) o

=—nu(67R)
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