Supersonic thin airfoil theory

Sunday, November 5, 2017 16:33
For the glory of God

TInhoduckion
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- The Imearized N polental Gguetion wos dedied, W Chapler 1 CAnderson) ;
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- In Chopler 11, e hested Hhe Zuation with Subsoriic assuwmpbion where 1 -M* > 0
- Howeter, +he cquation holds For both Subsonic and, Supersonc Mow where 1-Au* <o

© 1P uparsoric Dow, 7 Seems 4o be @ change T STgn on ke Pish dom . Which tesks T 4 diamaic Chorge i realFy.

5 For moe dekants, plesse s Melhod of Chamdahes note
Derfiation of the Lirearized, Supersonc pressure coelMiciodt Jormula

© Tor +he cose o Suporamic Phw,

(l"MuL)ﬂ‘)’Lﬁ— = 0 LS (Mu-l)a—-gz—iz = 0 ; where et A= M=\
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© Then, whd & a Solbiow of +he %Mlﬁ:w?
> Acleiet sugested Hhe Solidion M W& paper ;  F = Prx-Ay)
- How do we know Hhe duckional reladion & = D (X-xy) & @ Sohokiow o e governiing Cuadion

© We aw demonshate e by subsithdion such as 5 (leb gexy) = F(§) whae 3 = X-2y)
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Hewce. by Subsimiding eock Jemm o Hhe Eguation, we hae

s S Ny s VY. L s
)\EF Jy‘-o @Adj’ ,\d’y__o .. Sodehed .
© T the some way . we wil end up \ealEmg g = g (X+)y) also SaHsPes Jhe Guening Gguation

Y Ve bonazs phopagate evenywhere

# = Pra-ay) =condh ’\
Ha) - s gouy) = ot '
> X
- Now. lebs exowine the Rndimal relakions suich as  Por-dy) > Major diffaence 4o subsonic Plow

> Bew Hogh £ % not vewy spesfie, Hhe P Hells us el spectli aboudt the Plow, nameky,

5 Ths T beamse P o be awy Runckow o X-2y.

2> Thew, X-X=and ;‘;L—(x-/\y) =f(ms4)
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« l-)&ﬁi,z =0 % =5 = m?l’ ; Jhis was olso daveds m M.a-C.
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5 1 shod be T
Shock ( mach wae ) Macly ongle “ M=

T ImeavTzed, Supersontc Maw,

- Hee, w we aw ‘emember Covachly
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© By comparing the tesubts,  is Jound Hhat vﬁ\-ﬂ\-ﬁ\dﬁW s propogated along Mock lines where +he Alock angle 4« = sﬁ\"(M—'“)
- A lne alng which & % constadt & a Mady line. ( The slope T 7 dfecley velated, +o +he Reesheam Mady angle )
© As a Pl slep. lebs ik abock the bowndawy condriin Rr Imenszed, small perrbelins Moo

- let 0 = sule mclinafion angle \eludive 4o Neesham diecton
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- Hee, we know +hat ;
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4 Th Slafes Hhak Cp s diiechly propoHional 4o e loaal surface niinakion angle w-v+. +he Peesheam -
( T hods Fov auy Slendet Ywo- divensional bmid where § & small )

© we must be caeld wik stgus o e Gguadion ;
- Remewber 6 T posHiie -tk giie (p>o where He afae T clineds Joward +he Peesheam
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- when 6 T vegahiie , H vesulls i Gp <0 whore the safu T Tctied, away Nom +he Reeshenm
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> T T mleeshing +hat His Hhepsey -ilce pedeks o fare wave drag - abHhough Shock - waves hemselies
ae not heated W Such [Tenrtzed theoks .

* Finally, we hove ;
LU
. Mo = 2 -

(oA 1 For wae}smTc Dow [i-?’ Y] %a
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I - Cp decenses as Mo moeses . $ -~
£ Exact shok -
: : asf IIw-lrI', [chap. 41 ,f’
! C& ) - For Subsovie Plow, : e
! "oVME - i o A Linearized
: = ,,’ theory leg. 19.51)
| - Gp Moeses as Mo ciensss. i s’
| 57 iffereno Figure 98 Comparison between lin-
| o oy L L N eam;edr theory and exact shock
| . ' ' ] Kl [} 16 0 results for I_I|= pressure on a wedge
Subsonic ;  Supersonic /UHG 0 {idegreesh in supersonic fow.
I 1
0 1.0 20 - Both tesulks pedich (b > = o5 Ma >
Figure 12.2 Variation of the linearized pressure
coefficient with Mach number (schematic). - Nether suparsontc vier Subsoviic. s valid, in Hhe Honsonic vange around, Alack 1

Appaakion 4o supersonic Nk plade
© Wil the dichibidon o Go oter the arforl surface, Hhe 14 and dag con be oblamed Pom Hhe degials of Hhe Gguekin.
L
Lt} = Ncosok - Asmd
Hu = N ; wheve Gy & a CoeW‘fc’nJ'l? Nawal e cv)
« Dlog = Nsmd + Acosd & Junckow o G ond G

- lek us onsider Hhe Stimplest possrble anbrl . namely, a Pk plde ot 4 small angle of aback (d)
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- lek us onster Hhe Stimplest possrble anbil . namely, a Pk plde ot 4 small angle of aback (d)

" e
’ .L P,lower = Dy = y 050
T ) {

A [ - e
¢ . E— S Cp, uper = - —— D —> §<o
Vo

Figure 12.4 A flat plate at angle of attack in a supersonic flow.

- S Hhe e Tclefin ongle s ansladt alng 4he enfe lower Sufbae, Gp s @ nshad tokie over Hhe sufces.

'cl’_foc (Ga-Gm)de 5 whae Q Jam aneled ad - Tniscid )
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G = GuCosd - CaSjpd
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~ Go v swan of assusplion

= Cw
G =y (&

Sie= =)

:j._, i G depends on ouly o wikin +he appormakion of Livenvized. Hhesus .

+ Tndams @ dag celPiciod,
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- Reaut +hat. P ampessible Plaw, Cl =0 T he absence of VTscosHyy .

- However, the IMen2ed theowy Jor Suparsonc Mow proviles @ wave-dvag coolierodt .
Cheep T iy ek e et & ouly vard o swal o ) > D che o compessity

= Guswd + Claosd
G = Gusw 5% Mo drckoese B ko ek plde, haeath )
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what P we hate aw andbil with Hhickness ond, Camber ok angle u-P afback 2

> The wove-diag ollictod wonld e os filows ;

G = + (d*+ 92+ 9™) o whee gcmdlﬂ,rmeMTmSaP-&baﬁl‘m
e
Camber ond, Hidkmess

= Cd, i} +Cd/dse
v
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= Cd,ift +Cddse
v v

wave diog due 4o (T wave dvag due +s Hrcieness ond; camber

( Busewonns Fheow) ) > He gob 240 arder wilh respect 4o Hese
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