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

Plan for Lecture 34

Navier-Stokes equation — Chap. 12 in F&W

» Effects of viscosity on sound

1/17/2015 PHY 711 Fall 2015 — Lecture 34

11/18/2015

22 (Wed, TW2 1210 [URap. b Matan of Higid Bodes

23 Fn, 10232015 [Chap. B Motian of Elastic membranes

24 Mon, 10/26/2015 [Thap. § Hydradynamics

25 Wed, 10282015 Chap. 8 Hydrodynarmics

26 Fri, 10/20/2015 |Chap. 8 Sound waves

27 Mon, 11/02/2015 [Chap, B Sound waves

28 Wed. 11/04/2015Chap. 8 Sound waves

28 ¥, 110672015 [Chap. 10 Surface waves on fuids

30 Mon, 11/092015 [Chap. 10 Surface waves on fuids

31 Wed, 111172015 Chap. 11 Heat Conduction

32Fn, 11132015 [Chap. 12 Viscosity l#3p

33 Mon, 11/18/2015 [Chap, 12 Viscosiy Prapare prasentation

34 \Wed, 11/18/2015 [Chap. 12 Viscasity Pregare presentation

35 Fn, 11/20/2015  |Chap. 12 More wiscosity Prepare prasentation.

36 Mon, 11/23/2015 [Chap. 13 Elasiic Confinua Frepare presentation
Wed, 11252015 Thanksgiving Haiday
Fri, 1172772015 Thanksgiving Holictay

37 Mon, 11/30/2015 [Chap. 13 Elastic Continua Prepare prasentation
Wed, 1210212015 Student presentations |
Fri, 12/04/2015 Student pressntations ||
Meon, 1210712015 Begin Take-homa final
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partment of Physics

Events

Wod, Mov, 18, 2015
Er

Melanin pigments: a routs
bowards: environmuentatly
benign electronics

Oiin 1041, 4:00 PM
Refreshments at 3.30 PM
Olin Lobly
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WFU Physics Colloquium

TITLE: Metanin pigments: & route towards environmentally benign
elecironics
SPEAKER: I'r

Department of Engineering Physics,
Palytechnigue Montreal

TIME: Wednesday Movember 18, 2015 at 400 PM
PLACE: Room 101 Qlin Physical Laboratory

efreshments will be served at 3:30 PM in the Olin Lounge. Al
Aerested persons are cordially inviled io attend

ABSTRACT
Materi resgorsikia fof the i 1 plants and
animals. The teologcsl ncions of melanine, Sima pressnt in the nner sar and he.
ia i - go far bay [

X it
Invohvment in melanams skin cancer and Parknsans deesse. In the class of meianis,
BUMBLARING re T st studbed by Maleial scientsts becausa of thak phatseanductiity
Bnd hybrid lanic-alectronic FaNspor proparties.

axtancag t Tha fim fomming
properse et  poorty eclublity in sl schvents
The of sumeanin wih metats ang Iyine wnder gicirical nins wil b

crfécaily presantad consienng tha metsl bindng proparies of malaning, Tha chango
trarsfer and imnapart properties in dtferent experimental comditions [vacuum va wet | and
diflerent siecyalylan Wil ks raponed
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[PHY 711 Presentation Scheduls
‘Wednesday, December 2, 2015

| Presenter Titie g @mum
10001017 | @

1071034 ®

0I5 | XN

Friday, December 4. 2015

Presenter % Title of presentation

1000-10:97

N
1071034 C \’ZO/)
10:34-10:51 /OS@
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Newton-Euler equations for viscous fluids

Navier-Stokes equation

%+(V-V)v:f—%Vp+%Vzv+% §+§77 V(V-v)

Continuity condition
op
—+V-(pv)=0
5 V(oY)
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Newton-Euler equations for viscous fluids — effects on sound
Without viscosity terms:
op

ov 1
N (vV)v=f-—V P v (pv)=0
p +(v-V)v P’ 'p p +V-(pv)

Assume: v=0+Jv f=0 p=p,+p

3
P=p,+6p=p, +[ai] Sp=p,+c’op

N . 00 ? 0%
Linearized equations: A 7C—V5p v, AR (5V) =0
ot Lo ot
Let Sv= 5V0 ex(k»r—(w) 5’0 = 5,00 ei(k~r—wz)
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Sound waves without viscosity -- continued

2
Linearized equations: ooV _ L v %, PV (6v)=0
ot Lo ot
Let Sv=ov, ler-on) =, ofler-on)
2 2
BV _ sy = wov, =P i
ot Po Po
%ﬂ%v(ﬁv):o = —wdp, + pk-Sv,=0
o’ Y k-ov
>Kk=2 P _K-0V,
c £ c

=>Pure longitudinal harmonic wave solutions
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Newton-Euler equations for viscous fluids — effects on sound
Recall full equations:
Navier-Stokes equation

%+(V-V)v:f7%Vp+%V2v+%(§+%njV(V-v)

Continuity condition
op
—+V-(pv)=0

o TV ev)

Assume: v=0+09v f=0 pP=p,+0p

P=n +5p:po+625p+(6£] Js
os ),
op ‘ viscosity
2| P
where ¢” = ( apj causes heat
o s m‘i N transfer
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Newton-Euler equations for viscous fluids — effects on sound
Note that pressure now depends both on density and
entropy so that entropy must be coupled into the equations

%+(V~V)V:f*%Vp+%V2V+%[§+§ﬂjV(V-V)

op 0Os )
+V. =0 T—=k VT
o5 V(oY) pr—=hy
Assume: v=0+09v f=0 pP=p,+p

P=p+Sp=p+ciip+ (%D) Ss  where ¢’ = [a—pj
S e s

T=T+0T=T,+ or 5p+(a—Tj os
op ), 0s ),

s=5,+0s
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Newton-Euler equations for viscous fluids —
linearized equations

%+(V~V)v:f7%Vp+%Vzv+%[§+§n)V(V-v)

oV _ —LVJp +Lvsy +i[§ +177JV(V -OV)
Po P Po 3

2
L [‘ip] v5p+(alj Vs =7C—V5pfpu[6—T] Vs
P (\op ) os), Py op),

Digression -- from the first law of thermodynamics:

ERIRCRT
as\op), ), o ), p\as),
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de=Tds+Ldp
7

53 5)

Newton-Euler equations for viscous fluids —
linearized equations
op

Fiv. =0
5 V(o)

3%+povv(§v):0

os 2
T =k VT

=005k (c’LTj viss+| oL Viop
ot pT,\\0s )/, ap ),

Further relationships:
R
os), ¢, pPe

P
‘ heat capacity at constant volume
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Newton-Euler equations for viscous fluids —
linearized equations

c

085 o ex(oT) .,
=>—=| Vs +-L—| — | V’§ where y =2
a [ 7, [apj‘j p] s
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Newton-Euler equations for viscous fluids — effects on sound
Linearized equations (with the help of various
thermodynamic relationships):

2
dov =—C—V5p—po(g—TJ v5s+lv25v+i(;+%njv(v.5v)
P s

ot Po Py Po
oop
—+p,V:(0v)=0
o V(o)
GO KV 255 + g[a—TJ Vip
ot T, \op ),
Here: y= S K= L7
¢, 0
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Linearized hydrodynamic equations

2

@:—C—V@J—p{a—T] V5s+lV25v+i(§+ln)V(V~5v)
ot Po op ), Po Po 3

oop

—+p,V:(ov)=0

o Po ( )

@:ywzaﬁg Gl V6p

o T, \op ),

It can be shown that
2
or =M where S Ei[alj (thermal expansion)
op), pe, v\er),

Let ov=ov, ¢ sp=gp, " s5=65, T
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Linearized hydrodynamic equations; plane wave
solutions:

2 2 212 .
@6V, = Sy +%5sok— ink év, —L(§+lr])k(k -0V,)
Po » o o 3
wop, — p, k-0v,=0
. 2
085, =—ipck’5s, ~ P ks,
Po

In the absense of thermal expansion, £ =0

2 : 2 .

@SV, = Py —%b‘vU —L(§’+ ank(kﬁvo)
o Py AN

wop, — p, k-0v,=0

©3s, =—iyxk’3s,

V:)\Entropy and meth,awpiic‘almmodes#are independent

1
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Linearized hydrodynamic equations; full plane wave solutions:

2 2 . 2 .
@6V, = oy -%—@(5snk—%5v0 —L(é’ +lr])k(k -0V,)
o c, o Po 3
wop, — p, k-0v, =0
. 2
085, =—ipck’5s, ~ L ks,

0

Transverse modes (Sv-k =0):

0p,=0 &s,=0
L s . 12
[m—’”k }(ﬁvx K)=0 k:i[—lwp"J
Py 7
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Linearized hydrodynamic equations; full plane wave solutions:

2 2 . 2 .
SV, =% é"D“k#—L’ﬁc Ssk— ink 8v, —L[§+ln)k(k‘5v0)
Po c, o Po 3
wop, — p, k-0v, =0
ixfc?

®8s, = —iykk’Ss, ————k’Sp,
ye

0

Longitudinal solutions: (v -k # 0):

2 272
[wz -k’ +i%{§ﬂ +§)J5p0 —’U"T[)Cﬂé‘so =0

0 r
ixfc’

Po

k*op, + (a)+ i;/lckz)é‘so =0
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Linearized hydrodynamic equations; full plane wave solutions

Longitudinal solutions: (5v -k # 0):

2 2,2
[wziczk2+iwk (%UJrngdOo*pOT;)cﬂgso:o

0 P

s 22
5ﬁi#&%4w+mmﬁ5%:o
Po
Approximate solution: k=2 +ia
c
2 2 2
(4 . é,J LK

where a = e
2¢°p, 37] 2¢,c

—ak-r i(k~r7(ut)

op=0p,e e
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