Full potential equation (Mock Qual)

Wednesday, November 29, 2017 23:59

For the glory of God

This question was giten 4o e Pom witoms Rekert . (This wos ochully his gual Gueskon )

Question ) wite down Jutl polential Zquetion ( Conbimurly mowechum erergy fguakons ave absorbed i one equakion )

Arnswer)
[ [ R -
; whee a* = 4o - l}[(—;‘{)u (j_;—{)l]

Questton ) What ave assumplions i Hhe Equakion ?

Answer )

- In general , +he Pow 7 ossumed 4o be Tnviecdh . Frrolekenal, onds Gompressible . (+ Tsewhopic Plow )

P 4 STpiedsy o wath,. the é%wbknn desathed above @ assumed wih Sheady and, o - dimensional

- when the Mow % sssumed +o Tcompessible, Laplae Sguakion % iheduced which @ a fen PD.E.

- e +he Jull polential Gguakin & a von-liesy Porbal DitSeedinl Eguation . we need 4o Mesite 7 4o sdve i analgliatly.

© Die 4o the assuwpliing made W He IMentzabon, i & owly vatd F
- Swail pedubakion , that . M bodes ok small angles of aMack
- T & vati fov both Subsonic and, Suparsonic when he Gguaton i IMheniized .

- Note Yot Wi feormzelion & not vard, fo ik bodies , lavge of » honsotte P, and, hypereanic Pow . Te. = L+ ia

Question ) Whet T the Tal formulckon of dhe [earaakion for bobh Subsonic and supersontc ?

Answer )

* Fov Subsohic.,

(I—Ma‘)%+% =0 ;wbmfd=k)h%?w\klwﬂﬁpdwi

© o Supersonic »

N o A A
(Ma*-1) X 0

dy*

Question ) Could Yow explotiy biiePhy how +o dertie and 4o Miawrae +he eguokion 2

Answev)  Lebs deiie Full polentl Gquaton fist.
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© Confruirly ézuwmw

%+v~,ﬂ3=o © qpid=o
o("'SJG’Aj) L4 Ji"(,m).g, %(/v)zo K kyab Dow

N LT R AT
Siice +he Pow i Trolefional @/”Jx j:jf+/dr jydd_yg_o w&mwgw\/:%
) Juau §j=°

g Gmhldv:] WTOW whrt. g = p (j

Momertum Zguation
We ore aHempling 4o obloh on Cqualion Complelehy T Jews o o S fene. we need, 4o efiwinade ) Hom @niurly g
0 o ¢ Inviscid )
/%{ﬁ =/{-VP +,%/;71‘3+/3ZVA ; whie &= V-3 and U=t
o ¢ Aegigible body Joc)
é‘>/’(;g/+ﬁ~vﬁ) --9p
0 (- Sheody)
© pn-IY = -Ip
For X-momedm p(u—~+v )=-——
o pusrudy) oL ke ﬁ=% ; Shewlie ¢guatin
o pu( Shcs ) = -dp
© pwdw =-dp
~dp = - pudw
Hence, we awd Soq Hhat . Mso, we Know +hat ;
dp = -pBdD v 3],
- -pd (£ © dp - o
) “M‘HV&) s /Thew wlp = - £f B+ (7]
. oo et 7]
o, e e oy guekin f)t-olﬁecl'ﬁw; aﬂ%-_z—d—;%f Er (5]
y - drieckion JP% pyr Jy f ) ( )ﬁ
) g JX Eﬁ =0
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PUF ) TG <o

5 where

s A [y P[P 9L 3 r¥n o
jﬂ'z';—[d = T(JnQF Y mdy ‘P'I‘Jﬂ(ax -—x w
3 o ) ¥ P, o

Jy'";?'[( L)+ (J_y)] (.p«;xay ¥y Wy

Hence,

$ I, W I ¥ Liﬁ’[:
i JfJM* Y ny)]+ f *(J“ wy Cy I °

¥, PHy, A
+Jy‘)+\-]}(

Lx g < BRSWE )“’”‘ IR ST A )zr’%
w > Lan Y MMy T g dy Ay dy*
Py 2 if 8 $A
hid Jx‘ )) 0(J)) a8 My
Finally

IR TAN Ry 4 _;ﬁ‘ﬂ_* “’=
|:| a,’(d)l }JX’ + [l a® (J),)] dy? )( J)(Jy
;T & olmest omplelely  Jowms o F exeph Bt a”

| Bregy 7
a* con be expessed 4o & by usihg spaal fam o evergy Gguatin.

- Assumplions : Slendy , Tnviecd, Adiabadiz . Coloronty perldet gos

ho = st aing a shewie

> 15
éhﬂi’ :‘ = kl"’ ’
2 ¥
©6n+ X -gr+ & whie G = —R

- a o 2
kS
@0_IL+U_3=££+£ whae o= JRT
A 2 4 e

o* + W Ro™
Y- = -l
s Xy

©® a*= & - w

= aol- rl’ (ML'H’L)

- 0r- L[ () )J

- TheelMe.
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J s df
(i)

4 This & because Reeshenm andions ave giiew and we Kvow Hhak do = const toughad the Plow Ped .



- Theelve. 4 Thie & beauuse Reeshenm cndrons ave gliew and, we Kwow Yok 4o = const Hnoghod the Pow Ped .

58] [ 209) 2 -39 -
; whee fa = aﬁ-*—:[(%)h(%)‘]

THe éguation repieserdds 4 ambiadion b Hhe contudly , momeihum , and, Crergqy Cquakion

- She @ i a Sngle POE. i Jews o} one depended uaviable of, i prndple. # can be solued. o bl 2 P the Paw Ped .

- Howeter. we wayj have 4o Solve +he Eguakin huweriaatdy .

- One g s Known. il Hhe ot Pow triables ave dieclhy oblaied; such as g - wond v
g > a > M

M > Tpmd P Som Teenhopic relation
- eep T wind, Hhadk 5

Wil dhe assumptins, +he Fil Polentl Oguakon holds o all dock wumbers ands $o al) 3D body shapes , M and, Hick.

oksy, lebs dalk abouct [Trenrr2etion .

- Consider 2D, Tholokionad, Tenhepc Muw ower an aifbn
u=V,+u
vep
T’___..---"'l Yi
P e v
e
‘ e -
o B =
—> A

Figure 11.2 Uniform flow and perturbed flow.

© A o kb poiek () i dhe How Metd, He telorky T i with e x and y comporects giien by W and, V. tespeciely.

* Thew. the sum velod-‘:j i K dhechn = Unithw Pow Velocthy (Us) + Some exha, Toemeds o velectly (i)

* We an defe o perdurbakon Velody polekial (4) Such ek ;

fM=Uu+(:\ @%=U +:% S F=Uax+ 4
-4 LY
v-vag_f \
A
o 83 e
*5 Jy"

) 50
- Subsitluting he above delictTon Goto Full poenfial Guatin, we have

AT AN rd _;ﬁ‘ﬂ_ ki
[' a’(dﬂ)] e * [l a’ (Jy)J dy? )( dndy
O ol (e BNTEE LT e 88 2 N\ BB
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5 Now, s exprssed i dews o} ¥ (islad o} )
Heee,

b= 0t B[ () (5)]
@aﬁas-%‘[(uuwﬁ* (]

. &W&%%MMW%WAM algehme/é’waHﬂgﬁg.welmue

di ad y+1 a2 y_l 21 ai
1-M2)—+ — = M 1 —
( )3 +3 [(}’+ ) e 2 1—"q T2 V’]ax . LHS = RHS
2 @ y+1 9P y—1a*]ap 1) y
M [(y ])Vm + 2 V2 2 ] dy Linear Non-lineor-

2 [ D a\/an ab o .
+MM[K(] Vw)(a_l_a)] (11.16) 'hpmmmd‘-ﬂw":
Yo sized Rand U cow ke lorge o small

* Now, lekus [k our considerations +o Smanl pevurhations

G ¢ @ i
-_— — —_— L«

S Tw s e, o <4<, On <<, OF <), ond O <<
- Finally . we have

(|—M..*)j—;4+ 2 oo, e Pk Dtbaodil Eguetin

dy>

- Howewar. # camo} be need, for Tromsorie. Pow . where appmn‘mlel:’ , 0.9 < Mu <2

Hypersonic Mow , where A >5

- This &8 becwse
- Swanl pequr.wuw:, leods 4o 4 vow-fineat poriial difbiedal %u&’fm JIN Evew
R ey,
* Fov example. So-anlleds hansonic Plow whete Mt =1 b .

- o LHS, the coelicod o} % beawes Vewj small

- For LHS, however, Mu =1 doesn} alic} the lem 37‘!

’5 Lage - X = Vevdz(all'x
o

Small X = Vewy smail - X ?

- 1P e Dow ® l\ype\«sam'c.

- Fov Rus,

"
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s = AL @t GE
I - Th Ts ok possTible +o cne! ok
Vo:j [mﬁe Ue‘ﬂ Swmall

op. Pressve coelfrciodt
.2 _ _ =
G = }Mu“'(%—l) - Lienizebin > T
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O Devakiow o} Iweatzed form Hr e peswe elliradt .

Def. Cp = -L}?‘- Pwher gy = = AVt

Th@—-Dre—to)—o—r—varable o —compresstle Rlowy | Rearienge -
B Sobn o) Ehs
2 _ 1 VPe o =r,,m(&)v2

I
9 = Eéwvj)_— 2ypes’ X 2 1729 PYSICIS S Bifg
: i
- ¥ vV
\.sswa o> = ol M= B we have ..
y_ Vi
G0 = 5P = %pofo

Then,  SubsiTduiig above Bpudmn Twho Dol o O

C”=y:12. (,,L“') o pPeswe @M. exprcsed T dews o Mo,

To  obdotn & IruemTEed oW 5 Yeadd e Eguediow, ..

S =
BT+ X - N
PR = s - CpTo = consd-

Then v Vo>
S o - T W O . v

@ T Ty = __V“l =V
¥R / cvmy

U Awe= R, we hawe

R oot Nl o

Tw 2 YRT, 2 2 ; whee 2z (Vs )4 P

%

See ke Pow T Mrc, we con wse Gewhople Aelation .
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ﬁ; = [1 - VTZ(ZEV“,+&2 + az)]my_l)
2fi-tse (2 22

L; B, portabatine ossipiiow . A+ T bevy swal |
“ ' g Pe Tovey Swald Lalue.
Theu ,

P e
B PR =
R = (1 -¢)

Jrom  Hwe  bnowTal  exponston | heglectiuy  Higher -otder derms
= - e 4« .ﬂl* (Ze/g-v-u
° ©
X *) °\ﬂ’i‘ﬂ‘ C bTvowiad Exponsion )

(PAONS st oty 419 dake U3e shei, BE 213 dhe oick,
RBdwoy

)-M...( t) 5

A

2 2% S22
C,= _l(_ 2 u w4 v
r VM&[ x%o(v_x'f‘“vé )+/_.\]

Lhenrried  plesme coelrerent

$ree
x Mkl perhubalon  Velocty ou auHE dHM shewm Veloety (va)

I USn) Uberided petsme  oellud tF.
( =+ 76 vath only fov swell portubaions. )
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