i&PlCS w Flud NQCKWCS ng'

|| Navier Stokes Eowxhcns eCopP

et u(x t) ke —h«.q ve_(oul—j at locaktion > -('\me't'

]

[

-ho " /_\_I ya o Lea,
=L +p\Vu = | mass Conservaritin
N
LT
, > —
EFP_H .. —VP-I— (.»LV_L_‘_ + N momentum conse vakion
Dt )N \
P—cssue viScos "‘J, Dody terce,
e3. F=pg
D
e = () = ('ra‘*! V{()
DT | oL |
| 4 ,_—_,TT“ {;:_l_L_t ;AC‘{:L'E
Non= A MUNSIONRN w el g =
'P,: ,Pﬂ‘ -F ) _F': F’} f
.
| " o, \ /2
(Re) Du' = (E*L)(_vpu Pl +Vu
I FDt’ !-’\U
\ D, i1 A P — szl e
— Keyndas wmipes = ¥ L _pTUL
o I
Po |  viccome donsnaled Nia 'P**:l:c]/_/ {or bqh“%
!“\,\< ) ’\.a\.-A.. A\ LN { y ~J



"™ . Do . P e
p TUNLZA 'wumcz.(\.zr"‘

qéownokcm condihon $

’ED\A.L\M&V wih a scid, with knawn mchen
e, Llad

_a—uU(xE), x e
W/ |

Sk Veloo\k\
N ot A o lomoendal
Nig  Soua v
: F o r\Mb,EC
7 ne SL
. i~ LY = Ue [x 4) xe’a\fl.'< P
| hdn U e 1= Us =ty |
\ \3 Norrol
;v ' A lA’i ¥ | C_QMA\DOY% ¢
:_,R\Av.vnd“f)‘ru wiTh a - wna \ Kinesahc BC
. N ~ N
~ N TR R She. (V] §
Y Cenhmmaty o Veloa =
é\‘lﬁ—\q qu /-‘—‘— N ' ~ N
. N Wit el s U, (T 4) AEM
A S~ ] =l = F £ " {
/ T | Ti
Vi, oy [T
fa Fluid Swiace ofren
wven Via
% =.F(x' "‘l"f)
fed o Jj..‘,A _ O HA
Then kinemaht con condiflon dTTen € forcad via
= Qs QP
TR -FD',,,*-_:_I + Wot/
&: \ﬂ. n_T-—C. /AL Y ,:/é;e
4 Dt

)



:Ro.rl&( -C(c.,,)s

\:\_(_52, :0 - (U\.,\/, C’) oand we ok u':g ) =-9oY

Analoqms WWW‘ WNCOA S
N

are in The on- lina ’W(" j



&)

12 Othar conservaticm laws
. Concenbhhion a,c o dissolved sokwte

DL »
N~ %SLO'M\ oeficgnt
- ( censtand )
herrmod Mbj / [,,: - - l!
e - ,/-n-r-\
DI _ V. (o V 1 )
= voARtT v
LT any

noaleching visceus dissipation and[dfher hoat seuras
A |

(and '\'d\cma Vou = o).



2.1 Surface Tension

[~ € ) in the normal direchen

Extend S o Tha inteual (-€,€
n facm e volumae V

¥ e A'ora.pz(um'i'm-ea.
Force bcxlAnu. LY wp £umd cxertson§

'K ¥ t"f“; = l_
— 0as€&Q BRY unik arter l M&'ﬁh‘
Mbwuwé,
IQX-LH'S on$ !
ot € 20



®

Than (@!,?-b‘@ﬁs"‘\ﬂt'\}
[y ds = [7s -(@a)ay [dS
Jo Js B
Wb \; ‘= \- Q% , VE= Vel
n
_ 7 — - " 7 v w\U.N ﬁ\l dS all S
o= (8T 0T +Turatao)ds, o




- i T T L D ':‘v‘u’:‘u@#‘- L'v‘vele J;‘-h‘w
- | 8% W o I &W P 7 A A
f:h(JU ’\\91 IJ (VOJ a;i- "P\-\ is Ahe
r@CuProCcd G@’l’kﬁ. best Fit
circle m.ohus a.
— 2L - B

With the su.({-ace 2 = h(x), 4he unib normal and iﬁwf»%

are n-.-( L = 1R /‘Pudln
T w*) LN (SN A& vy
Thon l gy \‘g rm/g.(p;d“uﬂﬂ&m
-OL: = dx ((H- W' '1.) - TV —L+wz)3/7_

[as shown in APF?Adixog on-line nd'e-sj

Mae W“" (see Appeadix), tn 2D or 3D, dwe cwrvatue
X, is 3w-en'aj

o) ot K = kxx (H'hx%)"" L\y\{(l‘\'h}) ~ Thy L\y‘\’“/ '
Q—\— hy -H«,})%,



Capi“m'q_ Stanes
For shht confguemtions, u=o T=-pI 7 J=p
Normol stress BC reduces 4o 1::"'- P = YK

1;,\%,,\4—\-@\ shess BC

N== /.Y
1% L
o
+ //‘9 P -‘Ctu.ﬂ wo./g‘-\n"-g - K.=—V__Q ‘-:?
- (= o _ r
~ (8 e ==V (%) e
-~ ; -~ \ a 1‘) -2
- =- iR
le= @
+ _ 2%
P-P = T

Smaller bubblet have "“3“" bussk E; & fres

Jhay are loudsr uhon
Swhnee . Champaye s owdts Mw

‘ \ prperted
Sl MRAISCS " terfair[we
) 9‘%% m?"‘” + P ='F+= P b conStont
A[ M air =P = fabn
Pk 40 atmosprenl
vl q T\g\ resswre
Tho v (% 10 37 o0 o g o T O——— -3 ¥
1
Wates



Navier - Stokes (u=o) A\
| &)
= -Up~ =-Vg —e92z » 8P =0 %1@93
O="VP+gl="Yp-03% " E=°§
\ —\=|\*’ "
Lo Here cum*wt? Ao O
9—_0 —— e e —————— 4 - A
o Plpe wE0
lim P~ a¢,0) =P
by 9 pq
D™ (x O\)"'Da‘hv‘ oM X ? lnn\n—-XKl
: ® v sal § \
ol -t )
Lopac- oy
_ Y\ h
Rn ~all K = L""" - Iq'-(:..,u.fl‘!-\g’z
KL C A (l*h;)3/z ‘o’ x )
n|'\['_ g\am Msws
9 ‘
T a ' " =Y Y- Nt‘—aw
LS n=->0 ¥
>-cot@ as 3¢ >0, for conteck age o
e ©
== A A TP l P |11 |
m O=n & [T [N ¥
h =(:_6'_ }lﬂx:c 1]
hs0 as x=vo /
hy = —cot© as X3 a.!
- PR
- \ 2 N\ | . L~a - x/"l, ‘, = .Z
Cl,taan il = Vv coCTE < , Ve \pe
v ng n>e) e - / "< NG3
\ -
e = ‘l\Qﬁ \ A QMM AAAi'PA - 'n-- A
For A -worer |, &S prin, Lima



l' P = L ﬂ - i Py
loahng Boolies 1 Supportes &y Suovancy € swiaa rensa (1)
= = o
I ,C\,\\nolzf
——'\ I {
\71
) ) //
’4 ,(p(‘// ll
r‘?"s’ [ }‘(‘01104’
e \ ',
—— \0'"/, /4
777 7 oo ~_ b ' ISy /////

7 //////M/// 7

W
\ \\\\\\\\°3 N
1\\\\ \\\“

7 ) )

T /// i

T . 1 _
\ / \/ diaminns Al IBU muu, L2AAS A S
Vi - VouwmiL GUSPALR St = . |
) ‘., 1. ‘I U T PN A‘ll
\ 2 v/ i Tl e AL SO OGRS o SCOMY
Vi, . Volma adgunionai G151 < N

Surface tension between fluid and air, y
are constant.



b
(7]
@

\
N
7

‘-

-~
\J

~i . y az :E'Y ]
(248 - p3 frca dS
I"’m"m‘l_ds Pﬂjgndg J n
! - S',

H%S - P9 (&n dS + (v« ndf

S,\,S
F+Mg=0 as no net force
A P _ M a
wy | K d =—I'|3 .\“ce
F = —?jj-‘tndg -l-_\s*s paS 2=, B
‘ \ amvc'hj’

= =~ _ ]
. s I | Y
. | ( 1o | = | | Sead\N |
As = 2 l—a |2NAS ]| + €2 | oRD WO |
rg= €. 1 CJ\|5="%] =T | | |
J - ! Je { I <8, :
by -2 -J | - | |
L\ ' . \ - P -
A\ - 7 N S
' = A e A o
— | F  Suriace NI
- busuvanou e, 9
B, ¥V T f Crmog
S S TV
*o‘ r-‘ 2 J



n

— )
No

I

v

-
'

13

|

len
>

{ -




' : [ Cloeh
Foree on bao\ﬂ = We\&k\- of o\\sp\aca_d +l

OVW\\ SCA\ES Vb ~ &Fh‘ ' L \\ where L 'S
Ve P ' i N,
_-,% jgp& vmfvd.QF‘h'\ - LC. \(UM-\*‘WS—--%
{// v Mal’v‘nv‘;sws lanahsecal
b _ ~ ’-—:%3
= ~ KE?. ~ L (69
e Vi Y
Once L« VI;-; -Cloa»hnq boodua § Pf\MMl\.‘ SuP(xka(

by sw_faa Yension -



