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This guestion wos wade by me +o pepore Aewo Qualilying exom . Ths wouid, be one of popular fopies For Qual . mdeed-
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Queskiow ) Whak T o phystal meanig o them ?

Answer)

© Conbiutly Guation : Mass conseradon = Mass con be newher Crewked, vk deshajed

- Momerbww Gguakion © T Ts aw appieafin of Jewls o4 bw @ wekn 4o ow elemedt of Hhe Purd .

- Bregy Cquation © THTs ow opplcakion P the 15T law o} Jewmodynanics o a Sydhem.

Queskiow ) Behween Euletan and Logangion melhods . which oe wonld, you choose 4o deriie NS Equations ? and how come ?
Ansuet )

. Ewotan wathod & woe prefened dhaw Logangion methods Jor the Mollowtiyg veasons
- o s oMen ediemely ddalt 4o Tenely and follow the Some mass @ Ml o an times
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as mush be done i Logrowgiow welhod-
- Our primowy wletest & oMew not i e moton of 2 glien mass of Puid, but tefher
i e effect o the owerall Pl mobion

QueskTow) Leb's sy youw ended, up choosting Eulerian, wethod 4o deie NS Cquations. TP so. Reynods honspork Hheviom must be ihoduced.. why ?
Answer )
© Since physical lows apphy 4o Syclems (nok +o Cothol oiame ) . we need, some st of & wechawTem o Somehow
hanshorm the law 4o s fquiialed Gvhol Uokuwe Formulakion
* Hewe, s theviem lelates Chamge T poferies o o syslem +o chame v pioperties W o ool Uolme.
= Tw obher words, e thevem 1elates datiakiies w +he Loguugiow Nowewnrk 4o deiabiies T the Euler ore.
Queskiow ) LiSTg +he Jhaviem . derlie ilegial fom o onbiurley Equution .
Answer )
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> D . - —
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I 4 wpid)=o > vdledal don of Ho Oy Gguetn

Questiin ) LSTag Subsludal deHiudiie, widle +he contiuthey Gquakiow with Subshudial derintie

Answer )

- The confiuFly quatin Cow be also wiilen with Subsladtal devtmtiie .

—:;_’0- + Wp0 =0
o X, 4 3 cowy + (pv)+ 5 (w) = N
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*
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e Daolerd, v-3C)
Queshon > Derive omentam Equakion ( plnce do vot expond, Sifare shess )

Answer)

- we ore skl cmsrdemj Jhe Euleian wethods 4o deriie +he eguation .

- Aashdig 4o the Newhon's a0 law on Hhe gyslem,

Fore = Tohol Tine vake of choange of momenlum ¢ LHS © Foe > Body fuce and Sufoce e ecks
. d(w)
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BnJ:j -“oﬂ! = m‘w /’3 g t c momedum  congewvediow ) Swla‘-

S F
Jo =& (z=% ©F=70)  Hene, Tohl Time 1ate o chonge of momenlum e
l
Ts= [ Duly Ta
Tt
l:Zyx Ty Tyz }
Tex Tay la2

- Theelve .,
Force = dohal 4iue wde of change & wowentom

J N
o [ erdv + I zgds = S ||[y 08 + ffe (pR42)0n

o the D ‘ Tgde = v- 75 40
& vy fewgene hsiem . we have Jes zads e T . Nole thet s & 0 sl
Sfcs —s‘ t\ = m‘d V'(PU\J)A“
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BN A
8, 3odd + B, (vT0) &8 = G, FeH A+ G, e [0

A
v f%‘?+v-(ﬂ$3)—ﬂ$—v'ZﬁT'ﬂ‘ -0

3
i;—:ﬂ) + V- (pRR) = pF 4 VT

\

170 N IS J
24 g (pad) p_”-+3§i1+/a

S
& /%} = pT + VT3 T Ik
Dity VTt =/’(J’S'+()V)t')+t' Lvr 3+Sv,o)
Here. wrth fensor fomat. 2 =phr 4+ ;{;—' *
Dfl o (- (‘ow’rTmﬂj %)
= FD_*.

Queskion ) Devlie wowendum £quations with Shokes  hypofhesis

Answer )
© FRch of all, Shkes prstulated 4he sufbce Shess as folbouig +o bund up relafimslp bohueen Suface shess and, veloctly -

Tis = Normal shess + Shear Shess

-pSis + by 5 where Aewloiw Mt with U = ok

|

-P873+,0t(7']§,1+—j)%1)+ Mu-D)ST s owhee A=-FA4 (A Seond visasty )
] 0

0] 2] ®

Fr @,

- Pesswre s Hhe some e all diieckions (Teohopic).
- Tudoms § tomol Shess, 7 ol constler & Wi dikon

Fr @,
- 3n dews o Shew shess, o tolakion vabe acks (hrs=0) beawse e Plaw 7 dssumed 4o be Slabonauy .

- Seo, oulj shain vde edels .

| Uy dus
ST’=SJF=Z(—3EI'+J){:) Te. Su=i'£ and, Sm:'n'f(};’*ﬁ = Sa

- @,
- In oomplessible Mow, His dewm & so smail Hat we can neglech He denn.

€ DTagomal 4evm )

" As ety gdiod becmes ediemely Inge on He Fae o Pt clowed. ere au be o maniigh visaus - Tduced

vormal Force ow esch Pace. which acks i oddHin +o He pesate.

- Hence. omal shess o A Diagonal fewn of velocthy gladlad S wheve ) - &whﬂ visasHy

o @,
" Themodynomic pessure i west kel 4 plessure at Hhewrodgrone Equnibium

- Shokes Whodued, the Meclovical pressure beamse o Plowng M & not T Fhermodyrowiic ¢imbiTion.
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- He pslulobed, Hhat Zis = -PSiy + biy becomes Zrp = -pSm + At when Hhe Pl s of tesh.
¢ iy =0 L wiscid, ‘Plau) |

R viscid, T = - P&
o Sm= 14141=3 el
Fov Viscous, Tir = -Pdw (- bw = o Pom Shokes hypotheste)
- He defed o Mechanicol plessie ae 5 B = Hevmodynomic plessire + o Component induced by Shess due 4o e mokiw 4 Puid
ps= - %Zn‘
= %('PSTT + brr)
JUur dur + 3A (vf‘))

|
=g (3P + a5+ o)

n

p- —:—ﬂ(v~?§) - ACTD)

n

P- (At FH) 9D

= He thougd et 7 wouid be eosy F # Ts assumed Wb Mechaniosl p

Fov incompeessible, § = P (¢ Vi =0)
Fov Compressible, p=p (7 At SH =0 4> A=~ 3K . whith T Shhes Lypolhests )

© lebs goback-h-l—heégnkm;
Normal shess + Shear Shess

Ty =
= -pSis + Ay where Awloilw Mt with U = cns
= -pss + ,u(j";jl +SEV MR s whee A= -FA (A Seond viasty )
= -PSi5 + 2 ST + (-gH)ASy 5 whee St = -;l{%* j‘,‘%) ond & =D
= -pS + AU ((Sr5- 588T)
- Then.,
/?—j— =/l.$ + V- Ty

S pF T (-pliy + 2k (13- as))

=/’$ - V-pSiy + V- 2485 - € _%/“ASU
AN W I 2 .
=pY -Vp+ v‘,u(n?r;;)-v;ﬂﬂu 5 where

| dug

=pF - wp+ qu(/“(:z—‘*axf )' 3;—3(?2'“““)

N Il FUs 2 d s
2P IR YA ks * A s e EXal™ (25)
Fe doqdtey 2 4 My PR N _rda 4 o
=P$-VP+MJTJ_J73 +/“m(4)g—) 3/“%(»(5) ; wheve v A8y =(d%,®—,,—;)- ° °) (w5 F
o VAR ]

=pF-Wp+ M) + MVA - FHATL o o & = v
AL
-

= ,of-vp F T+ {—VA
Questow) Deviie the Energy ng}ﬁm.

Awswer )
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* To begin with, we veed 4o nole Hhat He wethod) as diaded, below W be used +o deve Hhe Gpuatiow ;

Lagiongian | Bulevion,

TInlresttmal 5 Medema) Volume 7s ueeds € u@h).

Covthol Volume v

* Boged on Hhe IST law o thermodymamics .

de = §4 + Sw @
: : )
@ ® o
Fr @

%f‘ = ,%vd—) /”%(“'al"_‘\'a)"w

“Fr @

T
-
(5

peot added by conduckon ( Aeglect Vadtaiow )

According 4o Hhe Fourer's low (+he law of hedt conduckion) .

Thew, how wuch hed & honsladed, 4o He surfoce ?

7 = - KIT 5 whee K= Hewol anlkirly

'T:.
KA

-HA(» ‘?0{5\ = JT&) SKYT Crds (- hedk s added, ko Hhe sudoe, wheh 7S oppestle 4o Vokmal sufce diiection )
A

-
= .WA(#) kYT nds

L\STnj Hhe DWetgeme%eovem, ﬁw) kKVTnds =

- For ©,

Tw denns of hdd*"“e' MV&) (f'a)/"’"v

Tudews @ cwhe e, ([0 (75 3)48 -

B.Tv&) j%( RVT>°"V

(v §w,de d work dove, s Fxil)

Fuw ﬁ,.(z"x'ﬁ)""’

o ¢ = [ hod + [Tyl (i) o

* Fivally » let Yhem gather Jogether, Hhew we have ;

de = £¢+ sw

o

work done ow N

© fgm pop (et 2di)dv = [ 2 (R9T)dw + [Ty CRrwrpdy + ([, 26 (zrte) dv
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& pder L) = 36 (k3) + phr + 3 (2)
sk ) LIy Hhe EW0gy Cpuakon, devtve Kielte / el / ovlolpy eveiqy Gquatin.

Pnswer) Aeler o AE60q hond -wihen, viotes

) Kielc emgy fquakiow . Bewtwok 7, 1 )

C A we Wmow, WKinelte ewery éguakion wii look Itke
l):\— (L urthr) mw denor Jowm

. G&apm&mgowi--l’new)eﬁﬁ dervatie » we have
k (1oew) = W o Dw

- Now , ‘eb\s dve %M&mwcﬁime@w}m

. -% (%MTU‘S‘) = i‘_(E‘MTW) + Uy Ii; (.“‘TMTW)
¥ = Uy -j;t’AI + Uy Wy j:g
U (s axJ)
oz by -PDE'

% y=[PooI% = y = wdo". Poo

% J b
Llewse, L g% o SN L
s a. JA’ U‘. I 1M| J = U| J}
« DO 30
0¥ ¥ tu-va o-d
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4) Tnlewal ewaqy éguatiow of. Howework 7. 1 (b)

. TIn order v oblaw THewal evergy Cguakiu, Hhe wid
Téea ok derivakiow WM leok W

Tuloval owagy = Tl eweigy - Kielic endgy

por = oy (e 20R) - Agr(20)

Pl

As o vesud,

be Yo 4 ST
T Car X5 * c!)('r(k s

C Now lets e how B wakied out
: The deViuattow process wauld, be dove F we ansider

- Feanl womeskun Gguakiow Tw denssr
- Mty by WU A 4o woke KE. dowm

- Subshack e veswt guaiow off Pow dolal reqy &.

Clehs Yeail Hhe womeackuw GQuakiow .

ﬁ .-.D.BE z p QT + -—-----—.-.d zj‘- Hewe , Z,T'i‘ 4&’14% d‘w’u‘#
DX 4
4xpand,
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. Bywu\F-FHT‘j U, we hove
D‘A\ L 'PT + I -——"
g = TR

DI we ke Hhe teswit Dowm kﬂeh“cé’e‘fuéﬁ""*w'

3Gr

—: 'l
e (U B« o2 (R

pb*( M’U\') = M—P-Dr u‘

dlt
¥ = ,olAT-PT + R:: (W) - zﬂ":i"

s
P 09

. Foally»
5w Bl = [
b2 o b T s (ki) |
_ i aéruv) T’TMT
Hewe,

Do _ ol
? J)t« () * T 3T

o

d]

W expand, -
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Nat Y SCHRETS

CTHs Fwe Yo epond, Hhe dew Ju- nawloion. Mt . K “ Tk =T

% =0
JUr Tohy = Tavlhge
ZI\' Y = Zj‘f ( STJ‘ + \f“f:}') = -'Cﬁ\-rjn op

9X3
[»]
ZT.T STX +* Zp){ ; wheke z:ﬁ' ='z-;3

Plesce wole Hhat We Vad, alteady dicussed, aloask ;

13

M Sor (Shetn vade ) + Ry Oroladn vale )

FITE
Ty = Try (Symmehic)
o= =bpr Ak gywmedic )

Ao, we Mww 4wt (L Nowlasow Ml )
Ty = T = ~P&y + 34 (S5 - Jady)
hewe, . Howework 7., 1¢c)
O g = T Swo® S f-Pdy 4 qu (S -Zadm) ]

*PSw Sy 4 2uSy (S 2 afs)

n

“PST o+ QASTJ(STS--‘-;L.QJU)
= Pa Mg

Vonkews A = h‘l"h‘l’ﬂ'*'i‘nm\ﬂ*@. P = QQIT((W-—LA.G--.-\
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. s we Subsiikde dhe teat Tko the Wewal Cvergy Equation,

De gL

- Here ove Sowe ohsarvadions

by aco (I e owpesed), =PA >0 Cunk dme owiid)
2y I we Wk bk Visaus elect, we eped-4o s >0

e Eprj Bguakion  ob. Howework, | cd)
© Tn genehal . e endalpy Ts defed os Jolewing
Gothelpy (H) = Twheral ewgy (&) + Pow work CPV)
- 3P we owmsider He ewhhlpy pev uwe woss

- P . o A
Vl;"e'\'{—a- ,UJ"E}QU;T-’AU_.Z

Tew, du = de +d.(7§-)

= de & Pdb- Pdo
lo&

. Iw onder o detie e Euhipy Cquaion. lebs \eniawe e
Quakon ond. We the ouapt o Subsladil deruadie.
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3 ey 3T bP DA
pa_—”- -—pA+,a§+ (kdx)+—b7','§"p,_+
Y,

P D,
= UTF + - (KVT) + 2= -pa- B

= , P / ¥
MP + (k‘TT)'Q'M P( +7N‘
* 0 € Qi Eguadion )

L |
PD* 5+ (k9T) + U E

s

* Fom Coniwtly koo, we hue

#IR

*pTR =0 @ = o=-pa
- T colovially peleck gas s W=GT s whee Gp = coushat

pT bP
Pl = 3+ T keT) + M
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