Lecture 9 Differential balance /roa v

- /) -
.D/'//Mﬁaé balrrice
QA
§HMMﬂ7 ) Shatl bablance F  pioe Lhbes jm! )7 2

] . dP _ = _
ementan —~— Conservaiion  EFn d= v T(2) = p

Lo

Jetotrman. (N Fit2etiee EFrn :Z = /éf 31%/
L M AP s sy L 2P o oy
Ueloc'l-l'a, P}Q‘Fil_e, »
e ALY ot !
. v _ Ta — __P_ HO —_ Fo?j@u'/ //Q
P Q = j; wdhA = g S ( [ kj A

€% —fﬁ = —p& Flanning ’s —pﬁcﬁm qeaq"a\/ 4’»)—
« ‘Zam'md}’ "Hoa)

In dhis lecture, We wil g devive.
ﬁenem’l s L rromEnTdUum bekoce Epiatione
B diffrentind Lolume.. bl Ve

—_— ]%yz;f-[a,é % ?‘*/f/é"'é&‘% 7 e

A -
Cz pmmélm )
EB< ,;,m/)/;c ? /104 L ue Chooke Cartesicn Coo rolinafe

- Oce s v bacis ectors
hé.///; y 3 2 Wafl&ly / 7 c oygoj/d;”ax_ﬁ_

=
' — Hght handed med
7( v‘/' j,


Jaewook Nam


Jaewook Nam
Lecture 9 Differential balance


Lecture 17 /% Oct- 1/
-

T omtSian Coordincle

the diftesential volume  betomen
‘ W,Zyw,. /Dam//é/ép&afd element °

dz E
| / ﬂ e dy— dz
g b i - Sty Ao

d-g‘ . X/H ~ = 4hiy g/gw.
<

=z ol

e 1Y +o  Setr up e K& promeztam betbmes

We seed o gendicler ) o
el meed 4o defpne Flux  @éou A FE Sevitlce

i L= Ll

/

D — ol veds o fwfhe
o,%

Th1e Fhoe i *E?W»f‘d B e o belrne

”"4/406/44/'7%
e.X) i
%Md"*l-'/# —_— [ ontenrrection
//ll)( = - —  Wlume
Aea - Fime

omnas
E Qpo et T

. &W{'m ins7oe Ihe eferment



Lectue /7 [ Oct-v)

—_ 3 —
L) Max balawice un'ts
2
@ 0/47»4’ Volume Fux  — plime = (L] = [ L
Free__ 17ne [ LAJ[ .Tj T

O define mws Fux = 227 _ M3
gsca- fime [ 2] [T7

L{//)ZVI 1he déﬁ.f/'{ét ,% fﬁeﬁ/"/e‘? omateial o, 2 c/wgge
/. €. e = (st
e = ._”\;- ., 777= P\  — Ay A lolime

[ 77 de)(é 'éeéame./ Wlitie- m& .

g W of wlume o wlume F£hlux

Kote) 4) ©=Const —> Jncompressible F/ow)

(restly g )

2>  Conservation of  yolume —> P=lmp

ASochoric #Hor)
( lompross; He 9t

3)  ASocthoric flow ——> Incempiesible Plow

_ L DE—
(V— an’f‘) <P:-@Mf'7")

4)  For J/np/?o'ldy__, we  onsider /n/om/p;—ewéle,. FotO,



-

v
== =T 7 z#
o :[ ! ﬁ] > —> =z "
N .

Suvfae | Swbne 2
4 Whime e ot Seface 407 Y 1 a/yo/z |

% Chhe) x CArea)
4

* total Vhine fho ar  cudace 2 D S ) x (4‘5\-’/‘):@1*1‘%'0{’9&30'2
dyel 2

Wolume flrex 2t sofaceR 77 U, + 29 dx

22C A
£ 2+d X - e 4
< =
\/ﬂr. ’? - Tﬂj[p? Jertes exfams'lm around X

J'F L . A"p w
v fecksxy= Foor g e Tt
gZ——?o

af

o Line oo Fo0 + F 5



Lectue /9 6 Qe

. Mer rate of outfbw Aoy udbe @ XD -
- 44”; = — d/reof'zrr\)

' U ol
(s 2 dydpde (0 bz = Bhdedyds
A\ ./ N . . - (‘)
'OUrt” From Sufre & “in " L 5‘»71&4_ @

 Lyabunte — ner rzte of ourt foeo 6%97. F — e a,
2 _

¢ QU‘; didaté-z— SR

£ : oUz da d
TZ' le 3’ 2’ .o - ((Al)

e -

Toral net rate of owtfhw o/ //ga.e/z»’éu- Cc/xc@z dz)

ﬁ7 stk , Y 8Uz\ lxdgde —
\.) _ aJC+-§?.+a )-h,_?’g =90

PR S - T Rt
"[mmmy" €2n . Thae 15 o Gon O Cmtump H
o of~ Volume !

" Divererence. (#& _,\é = ‘3:%4 3\')«;% "'jgj ;?

e

+ (oord. depend ent— ey fon : 2 P26C

- W\ Tn&f&,\w '\\ V@&h’"‘& T-QM&Y' }‘D'H-M

Ko onstitutive ePn b Jhy care



Lecture /9 /6 t?{o/'//

if Preonst 2 4 & inaterial woving wy Fhtd

We haue ffo C«md‘m’er s .
"B Covedive daivative o mareriod —oetvarioe.

[ 2X . pantial dedvative %
ot % Y, &
[ ‘ E?x PoS 11|
. %5. > ma ‘7'3}*76(«( J&?VJCQLZU‘Q_ T X e
€
= 1l of thamge of X w.hF  TIME2,

Fo llowine ..ﬁe_,w—ﬁ&ﬂ_%__jé@‘zﬂ&/

| YN

L o
Tn denemj o(mh“'g, A@Wd“ fine &,Dorﬁ
Y .2

F—‘: ect X 4, 2)

Joral dttorenrial of e - >0
i + == dz
do- 2hdt+ 2Lax g T ez

over the Hie muement dt

MO)Z Uzdt d‘é_ Uy dt af-@:‘- Ve dT
{

Conesppnct o the  distonce me/eo/ by 7%74 phle.

e

(;l i



/6 Ocrtf
_7__

e pe
(deMowny = __9_f_+57639+d';i-a€ d
dtoy “‘afiﬁ

So
the mass  babance becomes V{
olume {
488 = ¢ % o
pE = Volume c%;me)-' s
[ W/ mw{)j .f/w/d ?r <
m= eV (= Comrened) er V¥

-b fY/\ —— — @—\7‘ m— . —— (; - V



(6 Ot/
Lecture 17 i 27

B Oifferentiold  homenium bolance

. Two types of- ~forces
bods Brre - ed. Guuitd or electe megreric
[ ot A A e
Sintflece fﬁyc_e_ eI on 5 s Shec, = TR
Y otz %ze . Pﬂ"ﬁf-ﬂ.ﬂ-ej =

_dvection of fore

Lo =

4 a T dpection o)L S,w-/#a% j?«
- ( ‘; 7
é/'/fﬂ.f orial ?uﬂ#/#;.) C Surbpe pormal ) -
e At oa given sntace,

a | ,
s these. are, e Lypes Sreped
;@mw/ seer) £ Mﬁmf&( SArESS

£
G 8

o o CarfEbiasn CLoorel Irnevke.
Videous hzactHn~ . )

é. 3%\( dz#‘fwy&zﬂ— olement ;

— % [+ Cax
=z




/b &
[ ectpe 12 j ;'i//

NMote) JD ressure jJ "/ ‘o 7'?0/0/' ¢’ shes

It by act  rormal So A Guen Suefe

‘€£P j OFFQJH-& drrectinn
=y

So A4oted prmed  Shess
Sp= =P+ T

In /D)-€I/7ou.1 EXct ) p/e.

Sk = — P =+ Txx¢

e et ——— . et =

Momentum  belance o 4 ditfercntind  elemect

= — d P Cetlon J .
Abte
l' E (7 »
[__ ! > 2
Sux T | <« Eax &~ K—/
’ —4 L 2 /
/ / Cg»;'r ) e \ {"L_‘/‘__
L7 €~ ; purwerel. 7ormel
+  To= | rad p29) fr

Promertum C/)a(zye; ndlcde dV Mt L Hireetisn

: ‘71/)')’60/ s/
— pe b Covisidering  An SEment  ej
i}@ézw cone by Lonsicle o AT
that- 7J %V/Z?} /4 Lhaid

o buk Dk
o %._gtux = edv s = pddgde X



/6 Oct//
Lec;‘we i

—/ 0~

Q Set up woMmenfum balance S = dlirection

D+ :(a?: dx)djcf? +(97 4 Jdzdx
}r?;zf—e of Inirear — ——

of =z Aomertum -9*;2(?‘"‘&3) ¢ -+ EKF =<l

p Azdac/-z

/V@'Swv%cévgrcej Boc%_ﬂm.._c

DYz _ oG >Cyz O Saz - ?&E

—> P273
Alofe |
} o)M 670/4?‘/077 O/L PHotoNn
In  (ppresSiay Cowalinate.

!

y Z . moINetes
. e 7%14 /J "Zo/?fé/"i/a/f/m égudflm %y- ,14,,



/8 Oct 7/
— ) —

Lecte /7

@ ConSicler CoNSH7eLriee  pelarinch ;D
bt potim of Sheel XK LS

| Gee @) )
We fuwe Sobad 2 + D = 1A urknouns

(eleactty > ¢ Sess)
bt ne bave mly 3+ 1 = 4 Gpr.

(/’LVM Corasd
betdonca ) bz )

> e Mrrd B mme Ggurtions!

Lere  lonsider the Simplest Flicd 2 Metttormion S
( tw ideel ;aJ )

C mnpotar - f/éf/"d
D Mo net  rotational Sorce : po P;ev" Sorgve .gqmmefﬁc

Zy;« = Cx},_ , Z::zobt = Z_'o%? ) LCaz = Tz SHerss )
IN Toz
—>  bddanee — See PROY
) of WiHke,
[ g
= >

& Spress e Soncrim of TRISL POy,

/7
Thee basic Llu L ot T . ]
,”7 A - o— : L [y
P - ‘ ( - '
{\ } L 3 /(\Q + l _ = ( / -
ihﬂw , rotertion I/)fdk /mﬁnav‘}w ;,;7

P 295 ﬁj zZ./£ o

@Iov atin



Lectue /7 S5 Ocp-r/
No  Contri butisn ™ Shregy ——/Q -

 Tronilatim - dhe element poves +u A Pew loceriom

w/O t’/»(ﬂj 7”;', FZs J/Mpe.

. - . . /\49 [anH b
— Rotation I the element foins WfO Mmoving It ) AT
dVz dUns .
Iy Ij; | conter of _pavicy Shear
e )
- Shedr ;. the element deforms rrto Wkﬂﬂé@j}ﬂm
Normead
%Ui_ e g/&”j&&f’/’-wf ”'}\.?/\CZW— IS /efaipj /,é) 7€

5?1:(9)—6.

s (BEdy Mt

® Chear shress

relati o ¢
| ' i
!
S O(‘JX: 'ILC‘Y:'[

oY (¢
d=x T &

@

L]
ke
f

Ct+dt) = X (8) = 50‘5*”5“’(;}‘

dol _ [im a = o Ay

d+
{__5 ) of shear d@ﬁ@‘/vwd)f‘im

o> Strain  Fate.

S



) & Oct/

Lé(/'f&/t"e /7 —_— /3 —

e hrtomiomn lig-.  Solow

ol V.
Zzyézyx}:’ //‘d-r'/“( = 34

7hi s Proporti. mecé/zy 0
/4 w'J(oJ/% .

e Nbrmed Shers &— ebfjm‘/’%)

==t
Ko derivation oUx
Cax = —( ) +5)(VV)+ 24 5%

—_— Cxx

———

:/M/ af W U/'J(aJl'y /i _ “ﬁh‘ /’MCD)‘}’\/)"GC//A/-e Oé/u/7d

Lﬁ [/ Mportant —74#- Comprels (ble f/whl
2 fo /D C Shrice, M/(L—’::f(% )
A+ o)

» iy ,é&.) L’“‘“
72;;3’ In o ¥EL] te ’% Vg% ahf% N M{fy
V.43
M Ky
S Uk

Sie = —P + SE



[ecture /7) /6 Oct I/
—/%—
schow Foble S P27
— We Mme / mk’— %\,s Le oM more infen
— - ' , _{Pt‘fﬂ(/;e)
/:/:ar Mewronion —7£/u/cl ST

‘@MJ& Aomentzum bbavn.e = | 4+ 3 :f

@M&Mmﬁdm crsttute ezn =

2+~ & = 7
- N
Sy "’e*y SHe s B b o fIDAN

J—. | e e /’ééﬁm.f/lip

otzl )3 L
cheel:  wunRnon: Veloctiy . Prestuvie , | ctres Conpnet

3+ I + 9
- /3 UM/’OM/}J

—> M Cloan SHlwe  +he Sas—[—wf

We can Get i o }[ SFress  GompprenstS 7%’»« &//& mm
bibmee. 19 Mewtmion Plard - Agiing @ s

SV
oDVt _ 22w (TS +5E ) eg

- Dt T X
%= 2, . Z
L al)x ng _Q_Yé
( T 3=

—— 77’L/'J (S éwmw Néu/ier-—%k@ E?,h,



