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!
volume of fluid , which is large
enough to contain many particles
but small enough so that its

aspects have a unique value over
that volume→ " fluid element

"

collection of particles : It ,FT )
nun

GD lay it , Vx , Vy , Vz)

collection of fluid elements : It , F)
TD

6D → 3D ! Savings ! Pay the price by losing some
information . In some systems , lost information
doesn't matter ("collisional

" ) ; mi other systems
("collisionless

")
,
a fluid description is not rigorously

valid .



Mass density =p ← units glad

Fluid velocity -=ñ Can uy.ua ) ← units ants

Pressure =P (scalar ) c- units ergs/ans

Need equations to evolve piu , P . . .

Conservation laws : ① Mass is conserved

② E- mi
③ Entropy is conserved
I " ideal "

① Mass conservation → " continuity qualia
"

pair! , ,{ arbitrary
volume

Ml l-M.in -- Jdt if1µF \ onfixed volume

' jgf-ufdtf-T.in = ? rate @ which mass
flows in - rate@
which man flows out



tiffin = ? rate @ which mass
flows in - rate@
which mass flows out

7-
- § DJ . put
TV = surface
#flux of material
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Mai -- fdltg
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diff = fat ?!= - §DJ. pñ µ¥q
.
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= ñc

arbitrary



-1 continuity equation|Jf+ñCpu
'¥¥twiwatershrinks② Egg??

F- e:
cross

ni
É sectorial A

Imagine yourself inside a fluid element
. . .

forces you experience
are in that frame of

reference
,
which might be moving .

Irr@ fixed r ! WANT @ fixed fluid
element

.%Ée
something is fixed w/ partial derivative!

Instead
,

lab frame boost

II. I = Éñ+d¥Iñ=(¥+ññ)ñ
:@ fixed fluid element Fct ) ; dÉ=ñ



¥ñ= 2-it ii.ññwin
Ux Ñ -1 Uytdjyutuzjkzu

Lagrangian derivative vs. Eulerian

derivative
(fixed F)material⇐¥1

ñcttstl - TCH

=(Ñr•Ñ1Ñ
tf

i rTt+ytf ' = II.ññ
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→

pD§t=pg+ text - ÑP

" ma
" gravity Lorentz pressure

+ spoon gradients
+ . - -

• right
Assuming .

pct.x-DE.gr/dyd2::'÷:motion are - PA
,
✗ + DE , yitldydz
left

randomized
Good for p=Ea ¥, -3¥ dxdydz
a collisional mm

gas . µ promote to 3D

Plofqñpfg

P
- Ipdog

thndidnothaue
to be a scalar

- I. Ñ



D= pk÷ = abet ( ideal gas )

ppD-fi-pg-IP-for.si#
Force

equation

Momentum density : put m:¥h-

•¥:-c ! I

=

I. (pi) +§(pu]j
2T¥. fpuiuj]

Momenbmfglpu-j.ie?(puu)--pg-FP-Tfegn:



③ entropy conservation for, first law of thermodynamics)
-
internal energy density = e = .

7
ratio of specif

#
heats = 51st¥IE=?¥!µ ñ

transport
energy flux(through a surface)

É
s = his t.tn P-prtpfz-iu.BY

"¥ ¥] | - f- (¥+ññ)p=ounifyI.ñ' cont .

egn .



¥7-ii.B) P - f- (¥+ññ)p=o
wiryI.ñ' cont .

egn .

e.=P/(8-1) Multiply by ¥, - .
.

⇐+ ñ -B) e + re I. ñ = o

¥+ñeñ)-eññ- if self -gravity

t¥EEyeñj%
Z§+B-lpñ!gD¥=÷¥>+I.(pññ)=p§-IP+..!



I. (tee ) = I.cc?iA1-- E- (AFI )

Ttx (8×8) = ICE. it - ICE
-B)

"BAC - CAB PUCE
"

I. (AFI ) = B-.CI/iA1-A?CDxB7IxCAxB1--(B.DjA-CA-.I1B-BCtFA1

Bemfei.IE?I?#...(Riht):0Ie--ieYEe---ti:--fig
f-
My

F-ÑÑ = ñ -D- ( uiéi)
= elite -Bui )

#ui(ñi
Cylindrical = Urie -ÑÑ + the ii.Egg + uzñÉ°my

=@rue/R) I + C- Ui/R) I



Goto a rotating frame . . .
ñ=Rrd + I

Tangular tevaythiy else
velocity

Compute ii. IÑ . . .

Assume R=r(R,z) .

④ + Rrie)•I](i+RrÑ )

=Kiñ+r¥)ujñ
at advection by ftp.rie

µr(
12,21

+ fzrixi-RRE-Rieci.IM]
✗

#¥
,

-
annis may,

Boost

+1 "¥i-¥ñ]a

Coriolis centrifugal



RI Gi

.tt/r=RiC-rI-r+n-¥ )z.IO
• faster
than B

nor

Boost to NEW ROTATING FRAME
✗ REQUIRES AZIMUTHAL

ACCELERATION


