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

Plan for Lecture 27:

Introduction to hydrodynamics

1. Motivation for topic

2. Newton'’s laws for fluids

3. Conservation relations

Lecture 27 1
3 Mo S3201Z [Chap 1 Scatienng theory continued )
(4 Wed 910872012 [Chap 142 _[Scatiering theoryrAcceleraled coordinate frame (24
6 Fri 0072012 [Chap 2 accelerated coorainate frame s
6 Mon, 8102012 [Ghap 3 [Caicuius of varaton e
7 fwea 9122012 [Chap 3 (Caicuius of variaton continued
8 Fnonazotz [Gnap 3 Lagrangian
9 [Mom 9/17/2012 [Chap 346 |Lagrangian
10[Wed, 911972012 [Chap 346 _ [Lagrangian
11[Fn 9721/2012  [Chap 346 |Lagrangian
[12[Mon, 872472012 [Chap. 3&6 |Lagrangian and Hamillonian
[13 fwea, 972672012 [Chap. & lLagrangian and Hamitonian
[14[Fr 972872012 [Chap & lLagrangian and Hamitonian w13
[15Mon, 1010172012 Chap. 4 [Small oscilations g
[18Wed. 1010372012 [Chap. 4 [Smal osciliations 15
[17[Fri. 101052012 [Chap 4 [Smail oscisiations.
[18 Mon, 1010872012 [Chap. 7 fivave equation Take Home Exam
[18wea. 101102012 (Chap 7 fWave equation Take Home Exam
[20[Fn 1011212012 [Chap 7 fivave equation Take Home Exam
a1 on, 1011572012 [Ghap 7 Wave equation Fxam aue
[22[Wed  10/17/2012[Chap 7.5 |Moment of ineriia
[, Torerzo1z [Fail break
23 won, 10222012 [Chap 5 [Rigia body rotaiion 3
[2awed, 102472012 [Grap 5 [Rigid body rotation w7
287 10762072 [chap 5 [Rigi body rotaton I
26 Mon, 1072972012 [Ghap. 8 {Waves in elastic membranes 9

‘7 [Wed. 103172012 [Chap. fntroduction to hydrodynanics

PHY 711 Fall 2012 -- Lecture 27

Department of Physics

Home »

News

Undergraduate »

Graduate .
Pecple B Adicle by Prof, Jurchescu and grad s
student Jeremy Ward featured on Conference.
Research 5 the cover of Advanced Materials Wake Forest Biotach Place
Facilities » Wed Oct 31, 2012
Dr.Paul Kent
Education » ORNL

Lithium fon Batteries
4:00 P in Olin 101

Refreshments at 3:30 in
Lobby

News & Events »

Resources B

Wed. Nov. 7, 2012
Dr_Yan Lu
WF

Workshop for Middle School
Teachers Organized by Prof, Che is
ure uffington

U
00 PM in Olin 101

o
Lobby

st in WS Joural on Tech Expe
e (Profiles in Physics')
2 PHY 711 Fall 2012 -- Lecture 27 3




- WFU Joint Physics and Chemistry Colloquium
Undergraduate +

Graduate ' TITLE: Lithium ion batteries: From practice to theory
Feopts L SPEAKER: Dr. Paul R. C. Kent,
Research

Center for Nanophase Materials
Oak Ridge National Laborafories
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PLACE: Room 101 Olin Physical Laboratory
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Refreshments will be served at 3:30 PM in the Olin Lounge prior to the
colloquium. All interested persons are cordially invited to attend.

ABSTRACT

Advances in rechargeable lithium ion batteries have led to their near ubiquitous use in
mobile devices. However, significant improvements in energy density, power density,
lifetime, and overall cost are desired for widespread use in new applications such as in the
automotive industry. This will require the modification and adoption of new cathode, anode.
and electrolyle malerials, as well s insights into lifeime altering mechanisms such as
solid.electrolyte interphase formation. In this talk | will provide a gentle introduction to the
fundamental physical principles of these energy storage devices, outline the challenging
scientific problems that remain, and describe how quantum mechanics based simulations
will be able to address some of these problems. | will also describe some of the
fundamental problems with current modeling approaches and recent atiempls to improve
simulation capability on supercomputers.
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Motivation
1. Natural progression from strings, membranes,
fluids; description of 1, 2, and 3 dimensional
continua
2. Interesting and technologically important
phenomena associated with fluids

1. Newton’s laws for fluids
2. Continuity equation

3. Stress tensor

4. Energy relations

5. Bernoulli’'s theorem

6. Various examples

7. Sound waves
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Newton’s equations for fluids
Use Lagrange formulation; following “particles” of fluid

Variables:  Density  po(x,y,z,t)
Pressure  p(x,y,z,t)
Velocity  v(x,y,z,t)

F— I:applied +F

pressure
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p(x) p(x+dx)

=

pressure

= (= p(x+dx,y,z)+ p(x, y, z) Jdydz

_ (_ p(x+dx, yaZ) +P(X, Y, Z))dxdde
X

P gy
OX
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Newton’s equations for fluids -- continued
ma=F, e +F

dv
pdV E = f'axpplied pdV - Vpdv

dv
pa = pfapplled - Vp

pressure
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Detailed analysis of acceleration term :

v=v(x,y,z,t)

dv ovdx ovdy ovdz ov
=t ——+——+

dt oxdt oydt ozdt ot
dv ov ov ov ov
=V, +—V, +—V, +

dt ox oyt az ' ot

L (v-Vv+ ol
dt ot
Note that :

a—vvx +a—vvy +a—vvZ =V(£V~VJ—VX(V><V)
OX oy oz 2
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Newton’s equations for fluids -- continued

dv

'Ddt pfapplied -Vp

1 ov
p(v(z V- Vj —VX (V X V)+ 6’[] = pfapplied -Vp
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ov Vp
E+V(§v2)—vx(v><v)=fapp"ed -
Continuity equation:

op
—+V-(pv)=0

V)
op
—+pV-v+Vp-v=0

ot
Consider : d—pza—p+Vp-v

dt ot
dp .

= E+pV -v=0 alternative form

of continuity equation
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Solution of Euler’s equation for fluids
%’+V(§vz)—vx(va):f
Consider the following restrictions :
1. (Vxv)=0 “irrotational flow"
=>v=-VO

2. fmiea =—VU conservative applied force

vp

applied —

3. p=(constant) incompressible fluid

M+v(%v2):—vu _ve
ot P
:v(pw +§v2—aq)]—0
P ot
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Bernoulli’s integral of Euler’s equation

V(p+U +§v2—aq)]—0
ot

P
Integrating over space :
Py _cq
P ot

where v =-Vo(r,t) = -V(d(r,t) + C(t))

=Py +§v2—%)=0 Bernoulli's theorem

P
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Examples of Bernoulli's theorem
Pius 1v? - @ _y
P ot
Modified form; assuming aa—t =0

Pius 1v? = constant —
p =
P = P2 = Pam y

U,-U, =gh @;_i__/il_;
1 h ;,:

v, =0

2 2
&+U1+%v1 =&+U2+%v2 L
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Examples of Bernoulli’'s theorem -- continued

T.* P1 = P2 = Pam

y U, -U,=gh

®‘km,l"% o= 0

i @’&+U1+%vﬁ:&+uz+%v22
p p




Examples of Bernoulli's theorem -- continued

Pius 1v? = constant

R e
e
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F
P, = K+ Pam P2 = Pam
U, =u,
v,A=v,a continuity equation
Py 1y 2 [ 1., 2
—+U;+3v =—=+U, +3V,
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Examples of Bernoulli's theorem -- continued

Pius 1v? = constant

p%{?féf ——
o @
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Examples of Bernoulli’'s theorem — continued
Approximate explanation of airplane lift

Cross section view of airplane wing
http://en.wikipedia.org/wiki/Lift %28force%29
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