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ABSTRACT

Numerical Analysis of Three Dimensional
Supersonic Flow over Sweepback Wing with Wall

Effect

by Kim, Tae-Hoon
Advisor ¢ Prof. Kim, Jae-Soo, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

The supersonic flow around sweep back wings wasesiigated by two- and
three-dimensional numerical analysis using the RelmAveraged
Navier-Stokes(RANS) equation with the Wilcoxs —w turbulence model. The
2nd-order upwind TVD scheme based on the flux wedplit using Van Leer's
limiter was used as the numerical method. Numergatulations were performed by
the parallel processing with time discretizationgrried out by the 4th-Order
Runge-Kutta method. The taper ratio of wing is @8 the sweep back wings. The
Mach number and the Reynolds number were and 1.0 < 10", respectively.

Pressure Coefficientf,) for the two-dimensional airfoil flow was comparesiith

the reference literature[1]. And Airfoil's Pressu@pefficient(C,) when the angle of

_xi_



attack(AOA) was 0.0° computed, the first case of theee-dimensional wing at the
angle of attack(AOA)'s 0.0° and considering the Iweffect condition was computed
the Pressure Coefficient]). Second case of the three-dimensional wing at ahgle
of attack(AOA)'s 0.0° and ignore wall condition wasomputed the Pressure
Coefficient(C,). And Third case of the three-dimensional wing &k tangle of
attack(AOA)'s 4.0°, 10.0° and considering the walleetffcondition was computed the

Pressure Coefficient(,). The analysis cases of the three-dimensional veireg 6.
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Navier-Stokes® A 2l o] Q@ & ojx]=d|, 32 v =4 Reynolds Averaged
Navier-Stokes* 3 4] & } nFEA e BE=F(Conservation
Forme =2 Jetlid o533 2ok 2399 A5 tafx= 3L dal =%
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Al 1 A Second Order Upwind TVD Scheme

1. TVD Scheme® 7} &

TVD(Total Variation Diminishing) Schemé&s =7 First-Order TVD Schemd
Second-Order TVD Scheme 78 A& 4 gJow, ool 2o E4S ztet)
[8].

@ =EE Monotone Schemg 1z TVD Schemel < 3kt).
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2. First Order TVD Scheme
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L+5 i+ — L*g 1,*5
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-y 2 Ax -y -y
1 At
B - —_—" + Al (-
itk 2 Aaz(awé ai+%) A7)
= 4o @t}
Numerical Schemd E4<& zte TVDE ool e 27L& weE o, <+AH
F 9

A 120 2](3-18)
B >0 21(3-19)
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3. Second Order TVD Scheme

7}. Harten Method

B wrl 12464 222 LS ul Harten[9)e 29 e E2 trew o] A
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2 ) 2

¢ 4 = (Gz+1+G4‘,)_¢(QZ_+L+ﬁi
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QZ)‘ 1 = O'(Oé 1\(G2+1 + G1) - ¢(Oz 1 + B L\}Aun+1 /;}(3_37>
1,+; \ 7+ ;} \ 1,+2 z+2) A 2

_17_



2 L 2 ) L 2 2 2

O AR v G
Y Y T
GG , Au =0
AU‘ 1 i+§

ﬁz+l :U(awl\ g

2 Lo2) 0 , Aqu:O

2

[e=]
AR

G; = minmod Au 1, Au 2(3-39)

_18_



Y. Flux Vector Split Method
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_oF _
AF=5AQ=BAQ
_ oG _
AG=750Q=0AQ
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Fig. 99 P contours at the D-D
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Fig. 112 P contours at the B-B
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Fig. 111 C, on the body(B-B)
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Fig 118 P contours at the E-E
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Fig. 133 P contours at the B-B
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Fig. 13¢ Streamlineat the C-C
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Fig. 145 P contours at the E-E
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Fig. 151 P contours on lower surfaoé
ONERA M6 wing
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