HHOO98  Hagen- Porsewulle  Souation.
Examples given in HHOOT can okl be crckrifoos
by hydrostafic. when Chooaing appropriate reférence

frames. Here we weuld try to studly dyramical
beravior:n n Eigedy.

A
1?\ SI'anfy Kewo, the. velocity / 2 B
feld O=0Goy,2) & inclependent of = -
\\'--_______________-‘
i3

time..  folawr a_point Rand o will
a ne.

The velocity o alunys targent To the SlreamCine o Shown here.

Yo may notice that no streamfines Cress €ach cther, Why &

@ Continuity equaton.  Consicler Fows throygh the area A,

andl Az. Becawse the mokecules gunt 188w the dlreamlines,
L iy eany Todea that | Oy _ oy

C- T D=l
m:;ac;j'@er\/aﬁdf\ W %
By simple kenimahic shocn on the nght A@_ 0 For=Avat
- - 3 Continuity
E"iﬁq’q:*%%’qlf S A “ode

Most fzuilels are nearly incompressitle — PRI =P b a
Waﬁamfwbﬂ e L)‘IA’= UzAQ_ > R =Conat,
Tt & offen Convenient o f““
intfrodluce the volume Hux R= d‘//:h‘: = A

)

Consicder the woter Stream om a fucet. The.

Centinuity equation Gived LA = 104 J
Rut, from E- Conservation,

D=z%+2gh —> U=/0%agh j\@g
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Eliminate v lo finclthe area A il e

(23 SHinks T
po A e
( A [ &%28h -

The above. rexudt o valid ondy when the VeQDcﬁLy
U field o steody. As the FRvo Teerns ferbrdent, the
water Stream ¢» no@or@@rm):xafew#dueib 5=0F¢) Y

%) B@ﬁmQQ, eqacdm Let us how investigale the EOM (&
the 7’7/\>/Cca6e N Motion . Ihere are tivo orces S

-7p D from pressure. vZ°] cxdyd]z
@ PC‘ @ ﬁomgrau#y p§ cxdlyd 2
g\ The EOM {3y the finy cube

V= chxelyclz (-?@+p§>?x& =5

Newtor s DHEQ cotth wun CNQ/”
f\fﬁ?gmfe %/\e ﬁ?eOdequ ON 0o b

2_.._\ . Q'__:. /‘/erewe
- Tp- . clu -~
f dr + p‘/_; = ofr p - dr e p .

Thexe infegrals Fave been Stedied in previces Gcteares and the
resulfs are presented here totthoud olefouf der vahony,

—> — AR —PAB =4PA0T ce|A(FP0H0E+P)=0

-DF"V"E*PZ%“-"PZ—’—%

The obove resudt Shows us that presdwre P Qzn be viewes]
ay Some Sort of P’D?@N’?bpefafgyd%‘wtyﬂ w
o , ;
_QLPU‘Q"' pE+ D = s amctb\Bemou@: eqeafin,
| Note that b ony

works, for (NCoropeaible 12uicly withord LaScosity. %Q
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Exampbe. The \enturi meter. We ijag;to
meoswre the Speed U5
o pipe.
O continwity equation

A=Aty

The presswe differenca (> BB, = B-P)Sh, and Q,_=F41/,42)U;_
Lopied b - ~ _ . [0
SPU-2P (AL) o +(B-p)eh=0 *(&a-&%

AN parameters Ai, Az, P, P, are Constrnt: One can reod of? the.
Fow velocity U by the height A.

Example. The Piot fube.  Ancther devtce To Measwre the o
5 vebocity Vi. Oy Bermouldl equadion

Ly

o Netoled here

TPV "+ B = B, with B-5 =(-plsh
It o> ireghtternad o fine] the velocity v, =,\/285 (—%-l)j

D Viscosity o~ uicks .
So f&ar, we do not consitder Fickion i~ Fowds. It fems out
lo be quite important.  Consider a wnifdrm pipe. with Const
= o preswre eveynhere. Tt o eoyle
(:' é;; Show that U 05 constent an weld. Ve
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A More reasonckle guexs for Flaws an o Cylinckiad
2 pipe should be the (owirg oo The fRow:

LLLLIL LI LI 1 2 VQ@ocn’}/ near the bO(cAd:l/y Showlel be the

Same as the velecity of the wadk (Zers

here). In 1@@?‘ the velocity profde o

m;ﬁqg? > L

VG = (R: 12 j S
’7 U1SCOS) vient f 4/7L it < ap

In the r%lfoaﬂ/\g, we wauld Gke (o Coarn hows To clen've the above
velocity pefi erd the Correnpording volune Fux.

‘IlLl*

Consicler the viscous Fw between
Two skabs — the bottom one o ait rest
while +he fop one moving o corsent
Speed Ox. Owr intuition tells e that
o %mz Fx o nexled o A}e@p%e :‘Poa)S/a:zoly Z@g@n;gm\

BzA Fx Becmca-Q +the Slob (s /rsowqg ol Constent
ﬂ vefecity, the nef Brce i 2ero.

B

X2

B =0 —®

Notice that %ea/eaiedwcl& = (0,0, -A). If the presawe
& o frue scafar, F=~"PA = (o,PA) ¢ ond Rr+o w
In o w/sCoaAQ:cycucl the pressure & Q renk-2 fensor

I 3>L

1IN genenl, %eqﬁﬁdr&g@m@ :\&:
ferms B +0 By i+3. )
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For instance, o~ 1his case, A= (0,0 -A). Thw,the

force ansen from the pressure &
3 R
B R A g e R
Because “%dz=0 here, By=0. The Ligeud
(B2A, O PusA) onthe Sbab.  Tis direchon

& roLonger perperdicutar "

Now Conaider the vacous Fow cn a Cylindrica® pipe of &rgth
L arnd roclus R.  Now Compute the. fSraey On aninner cyinces
i ’CPO"‘? OF rochius . Two ferced Show- wp,

‘r“& — w D presrure difference AR - 1™
! UR D vhconsty 8% 210l (Hcet)
L_AE__T
ECM S A7+ f‘)du' 2mri= O

R
*D[dr _r dr‘ 2%[ .

O
U‘fé‘)—’(x‘p) = — %ﬁ_ —é(ﬁ?@_pr‘") ﬁm@@y&r o= ‘_“(/QQ <

The ud)oo;w pofite e parobolic it
arcl (b maximeem ot the Center, ;“’ %= @ R

RY=0 ap the ual.

To compude the volume flux, IS necessary 1O Integrale over
he rodiaf) olirection.

A 7a
= Juda = [“v omrdr = Z)LP f?&“—r“)f‘df‘ .
(o) «

O
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PAgR ©
The integra® o> basic,

R
[ Reryrer = R (4R%)= (4R%) = 7R

Subshtute into the expresyon or volume (Hux

dv _ _mR* Y Hagen - Roiseuide
at | &L SERTT equedion.

Owr bod circulaton can be dexcrbed by the Hagen- Rosewitle
equation. Stippase the blrocl veasel (> blocked with a smalber

radlius /2. To_maintoin the, same blosd] 2, the pressure.
need fo goup 21516 timen!

One can moke. intereaing Companion wWith Olms Law.
—L The eloctric curent T =Vt i» qustthe
@ charge {Rux. Ohm'’ oo States AV = I Zg , where
Lo r Ze is the elecirianl resistznce. The Seometnc
deperclence of the resistance o [Z =pL = PL _L_J
‘ e A TR R
On the other hard, write the
Hogen- Rosewitle eguation ad AR = ¢ Zp
fZPZ % 3 ﬁL‘*J Ore may inferpret the diférenca betwezn
Ze and Zp by Say/‘/e AV and AR dmye

the s cliferently. Qan you ardenstrd why ? ¥

YAREBT,
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