PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 35:

1. Chapter 12: Effects of viscosity in
fluid motion

2. Class evaluation

11/24/2013 PHY 711 Fall 2013

11/25/2013

o rymu, sray T piaps 9 e
[25[Fn, 10/25/2013 [Chap. 5 Rigid rotations
Men, 10/28/2013 No class Take-home exam
Wed, 10/30/2013|No class Take-home exam
[, 11/01/2013  |No class Take-home exam
26 Mon, 11/04/2013 [Chap. 8 ) in two-dimensional home exam due

27 Wed, 11/06/2013 [Chap. 8 [Physics of fluids

28 Fri, 11/08/2013  [Chap. 9 Physics of fluids

(20/Mon, 11/11/2013 [Chap. 9 "~ [Sound Waves

30 Wed, 11}13!2013:'énap..9 [Sound Waves

131 (Fn\ 11/15/2013  [Chap. 9 INon linear effects in Sound

32[Mon, 11/18/2013 [Chap. 10 Surface waves [

33Wed, 11/2012013[Chap. 10 [Surface waves preparation for
Fri, 11/22/2013 ’Chap. il Heat conduction r preSentatiOnS ]
Mon, 11/26/2013 [Chap. 12 Viscous fluids
Wed, 11/27/2013 Thanksgiving Holiday

[ [Fd, 11/29/2013 Thanksgiving Holiday

fed, 12/04/2013 ‘Student presentations I

1
[ [
136 [Mon, 12/02/2013 Student presentations | [
|
[
[

12/08/2013 [Student presentations |il
|Men, 12/08/2013 [Begin Take-home final
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Monday - 12/2/2013

Time Hame Tie
101020 Sam Fiynn Scattering Theary Classical vs. Quantum
10.20:10:40 Hyunsu Lee
1040-11 Drew Onken Foucaull Pendulum

Wednesday - 124412013

Time Hame Title
10-10:20 Caivin Arter
10:20.1040 Junwei Xu
10:40-11 Anmad Al-gavasmeh Greens functon

Friday — 12672013

Time Name Titke
101020 Ryan Meivin Scomering of plane waves by isotropic
spheres and cylinders in
10:20-10:40 Bradiey Hicks
10:40-11 Wenxiao Huang inverted pendulum
111242013 PHY 711 Fall 2013 - Lecture 35 3




Brief introduction to viscous effects in incompressible fluids

Stokes' analysis of viscous drag on a sphere of radius R
moving at speed # in medium with viscosity 77 :

FD = —77(67[Ru) e e e

e
Plan: Soenaroanea
1. Consider the géneral effects of viscosity 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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Stokes' analysis of viscous drag on a sphere of radius R
moving at speed « in medium with viscosity 7 :
F, =-1(67Ru)

Effects of drag force on motion of

particle of mass m with constant force F :

F—67zR77u=m% withu(0)=0
_bnkn,
:u(t)zL l—e ™
67Rn
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PHY 711 -- Assignment #22  Nov. 06, 2013
Continue reading Chapter 9 in Fetter & Walecka.

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. =

VO =0
3

o(r,0)= [— VoI + VoRzJ cosf

2r -
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Newton - Euler equation for incompressible fluid,
modified by viscous contribution (Navier - Stokes equation) :

a—v+(v-V)v=f lied f@ﬁLQVZV
ot P

app!
Continuity equation: V-v =0 Irrotational flow: Vxv=0
ov
Assume steady state : = 5 =0
Assume non - linear effects small
Initiallysetf,,,;., = 0; Vp=nV’v

Assume v=Vx (V X f(r)u)+ u
}yhre‘fe 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

SVxVp=VxyV’v  or V}(Vxv)=0
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v=Vx(V><f(r)u)+u

u=uz
Vx(Vx f(r)z)=V(V- f(r)2)-V>f(r)2
Vxv=0 =V3(Vxv)=0

VHVxf(1Nz)=0 =V (Vf(r)xz)=0 =V'f(r)=0

f()=Cr*+Cr+C, +Q
”

v, =uc059(172£j=ucos9(174q 7&72—?‘j
rdr r r

2
v, =—usinf 1—ﬂ—lﬂ =—usin9(1—4Cl—g+%‘]
d d ror
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v, =ucos9(172£):ucosg(1,4cl _26,
r

rdr
v, = ucos@(l—gﬁj = —usin9(1—4C1 _Q+
rdr r
Tosatisfy v(r >0)=u: =C/ =0
To satisfy v(R)=0 solve for C,,C,

3
v, =ucos6{l—3R+RJ

2r 27

3

Vv, =—usiné 173—R7R—3
4r 4r
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3
v, =ucosd 173—R+R—3
2r 2r
3
Ve =—U sin@(l‘jRR]

4r 47

Determining pressure :
Vp=nViv= —nV[u cos 9(;132]]
”

3R
=p=p, —Wcosﬁ(—zj
2r
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= p, —Nucos 6’(£]
p pO 77 2}”2
Corresponds to :

47R?
F,= (p(R) - po)c;r? = _77”(6”R)
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