19 2 Vol.19 ,No. 2
2002 3 CHINESE JOURNAL OF COMPUTATIONAL PHYSICS Mar. . 2002

] 1001-246X (2002) 02011506

( , 100080)
[ 1 Euler
[ ] ;Rayleigh ;
[ ] ©0354.4 [ ] A
N 1
O e
, . Mack!™!
' Soott™®
, Malik'®
, Rayleigh , ,
. Chokani ,et d' Euler
, Euler
, ‘Kimmel et d” :
: Dogegtt et a"”
(LsT) 1
N-S
[ ]2000- 07 - 10; [ ]2001- 02- 25

[ ] (1966- ) ,



116

19

p[%—lﬁ(u- v)u] =-gp+v- (g w0+

v-lb(yu+ydd , @
P

at+V'(pu) :01 (2)
2 7 -
Pel oy * (u- )T = v (kyT) +
D (uwp+ e, 3
pP=PRT, (4)
u=(u,v,w) P P
T R , Co ,k
H A

¢

¢ =A(y- u)2+—iu[vu+vuﬂ -[vu+vuT:|.

Euler
Euler

2.1

y u \ X y

du ., du _ dp Li[ a_n;]
puax+pvay— dx+r8yua )

2% (PW + 31 (PY) = 0, (©)

0T 10 0T

9T 9T _ 1 9| 07T
PGU Ty +p°p"ay T 8y[ rk 83J *

aul®  dp
“[aj UG (7)

r(x,y) = ro(x) +yood = ro(x) + ro(x) xX,

ro (x) X e

X (x,y)
x=0 . Mangd er-Levy-L ees

{dE = Pt (1o (%) /L) %dx,

8
N = Leew/ ()™ (r/L) @ p.)dy. ®
“ g L,
. 8, &N : (5)
(7)

AV 1 2| _ r_f' nﬁ
(a") +f +Blp.p - (7)7] —Z[f & ({] ,
(aad + aff) +fd = Z[f' %g d %

(9
fo=uu, c= @+X)PHpPU.,
B = (Z/u) (du/d) ,
g:H/He, Pr:”Cp/k, 31:C/Pr,
& = = 1) - [1— l} c, M= =
R e VAN Y RT
B H M Pr
Mach  Prandtl
9).
2.2 Euler
Euler , NND
[7]
2.3
lcm, 6
3.5,
200 K.
Euler
N-S



117
o +Bw
16. 30, LV
16. 24 | ® = H , D =d/dy,
a3
of - Bwy
Al ] A B C 5x5 : [6].
i ] =0: ¢ = ¢ = ¢ = ¢5 =0,
y 1 2 Z! (13)
3 4 y so: & =& =¢ =& 0.
~ | | (12) (13)
Ir i W =w@ B,Re.
. ] B Re=P.llMe (I =0
N B B ).
X 3.2
1 ,
Fig 1 Pressure contoursfor the biunt cone y=&/(b-n) ,b=(1+a) /Y , 2= Y
Vi (Ve - 2y1) 0< Y < Yoa (Y
3
3.1 ) o<n <1.
1X 1y
Z ( ) [qbﬂ - 24 + ¢_1]
, 6 *( flAj Anz + d1 (szj + f3Bj) '
2
*) ,Ue( ) ;peypeuey [fﬁ% + CJ¢;| + d2|: f3Bj[ ¢+12A_r] ¢’12J +
o Ju ¢ ¢
q[—%—%] =0, (j=12, N-1.
- - _ _ (14)
U:E+B, V:V_+V~, W:v1+VNV; (ﬁ(jzl, ,N) ¢ j '
p—p_+pN, ;_)\T_+;’ o _p_+pN, (10) 5 4 (k=1 5. b 4 =0,
= +Hd , =A +A, k=k+k.
H H H d2:1, d1:1,d2:0. (14)
j (@ x+Bz- W _ 4 _ 3
(T,V,W) = [0a(y) o(y) w(y) o =i o 2(b-N)
~ _ f)(y)ei((1><+|32»(.\)t) b a b a
p - ’ 2
= i @x+PBz- w — b-
T = pd@fee (12) fa = _(—be:L)—'
a !B !w . a ﬁ
.(*):wr"'iwi [}
b - B o —0o
(10 (1) m @ foBiz Tpn— F Gtz =0,
, (j =0, ,N-1). (15)
(AD° +BD+ CQ® =0, (12) , , 5N



118 19

,B .
. }\i 1] (r] — 00
(14 (15 , ),
AP = wWB?. (16) ,
petl A-wBl =0 . y (A - WB) ¢ = g9
=Yk H=H=T=w=0 , (A - 0B) e = gTp®
=04,y =09, ((D(K+1) A—d)(K+1))
W=0Ew, T=@ETE 10° , Pt = (o (0 gp )y
K+1 ¢( K+l)/ qb( K+1)J ,
(p(KJrl) L (K+1) /rnax[ ¢(K+1J
! Wy1 - W =
Rayleigh <7 o @-w), g G
L] 19 1] ,
r]l ¢3( ); Richardon ,
(*)mrepolaed =
<Bl"+e<Bl'+a<€2+f€Q4:0, [ hl_h2i| [ hgi|w+[(hg_hi)}w
1 2 2
®, + bk + gk, +ck, =0, e
. , ) (17) [(hl- hz)] +[(h2' ho)} +[(h0' hl)}
®, + hg + ag) +sg, =0, 2 2 7
‘B;’+C%5 = 0. hi =N/ (N; - 1)
3.3
a=bp- cs/cs, b= (bx- bxca/cs), : lcm, 6
C=- bucul[cu(l- bu/cx)] ", , v, 3.5 .
d:_ C43/C33, e =cy - C13C31/CCB1 Re:5291552, 0201,[3:00 ,(,0:
f=- cucs/Co, g = coll- b23/033)-1 (0.079867120, - 0.0024887210). 2 4
h=- ceCu/Cx, S = Cu- CiCu/Cxs. uv P
(17) ' '
8 N 1] 1
= e i =124p5. , ,
2.6
(17) 6 '
AN +pi+a’+r=0, ,
p=g+te+s- ab- cd, ’
g=se- hf +fg+sg- abs+ bdf - ced + abc,
= d:g' ghf! !
A hes e, @B w@pBNE=0
: LB w@ =0.
Bl =1, ji=1, 6; o
; A2 + ed + ah
BJ - -:1 .
2 as - df + d? 1 J il 161
By =- A} + e+ fBY), i=1, 6;
B, =1, j=78;
Bl =A;- Bla, i =56,78;




2 : 119

X
vo. = (0.928 42500, 0.019 672 020) ,
v, = (0.1013950E10, - 0.169 957 OE-10) . ,
N
e , 5
N 9 11, , , ,
xT
N B wl d 1 1 L}
_I -|_|—Vg X, , ,
C
_[ ow a_w] ’
Vg _|: o’ (13 y X ’ ’
, “ e
LI S B L L N A (000 L L L o B e L B B L B L B
0.0003f B L
L B 0.006 b
| —
N e ! N B
paae | | 0.004F ]
B B T a
—0.0001F | 0.002} b
3 B ok /-\ ................................... e
—0.0003- i
PR T T S T I P TSI SO MU S —0002 b
2 8 14 20 26 0 6 12 18 24 30
y y
2 U 3V
FHg.2 Sreamnise velocity perturbation FHg. 3 Verticd velocity perturbation
0.4 T T T T T 16— T T T T T T T ]
— %W | L ]
0.2F i - 12r ]
8 -
R S R | =
| ok ]
-0.2f - C 1
1 or ]
005 1 15 2 0 10000 20000 30000 40000
y Re
4 P 5 N
Fg 4 Presure perturbation Fg. 4 N integration for the blunt cone
Euler . )
, Malik )

, Rayleigh , ,



120

19

[1]

[2]

[3]

[ ]

Chokani N, LachowiczJ T, Wilkinon SP. A computation-
d dudy of hyperonic boundary layer gahility on a blunt
o< flared cone node [R]. AIAA-93 - 2486 ,1993.
Kimmel RL , Demeriades A , Donddon J C. Sacetime
oorrelaion measurements in a hyperonic trangtiond bound-
ary layer [J]. AIAA J 1996 ,34(2) :2484 - 2489.

Doggett G P, Chokani N, Wilkinon S P. Hfect of ange of
atack on hyperonic boundary layer gahbility [J]. AIAA J,
1997 ,35(3) :464 - 470.

[5]

[6]

[7]

[8]

New York , 1965 Vol . 4 ,247 - 299.

Sott R, Watts H A. Conputationd ol ution of linear two-
point boundary va ue problem via orthoromdization [J]. J
Numer And ,1977 ,14:40.

Madik M R, Orsag SA. Hfident Conputation of the Sar
bility of Three-Dimendond Cormpresible Boundary Layers
[R].AIAA-81-1277 ,1981.

,1991.
. Or- Smmerfd d
J1. ,1991(1) :25 -

1[D].

STABILITY ANALYSIS AND TRANSITION PREDICTION
FOR BL UNT-CONE H.OW

LU Jia,

YAO Wenrxiu,

L El Mai-fang

(Ingtitute & Mechanics, Chinese Academy o Sdences,Bejing  100080)

[4] MACKL M. Qonputation o the Sahility of the Laminar
Gonrpressble Boundary Layer [A]. In:Methodsof Corrputar
tiond Physcs [M]. Edited by Alder B, Academic Press,

LU Hong, WANG Famin,

[ Abgract]

Numericd method for gahility andyds and trangtion prediction for supersonic flow around a biunt cone isinvedigated. Inorder

to meet the required accuracy of the numerica vauesin the basd flow field, the resuit of theflow fidd isobtained by solving Euler equations
where the pressure attribution on the surface o the cone i's used as the outer edge pressure atribution of the visoous boundary layer. The Ray-
leigh inverse-iteration method and boundary layer asynptotic expanson method are used to olve the blunt cone boundary layer gability equation
to get reliable boundary layer trangtion data. This method inproves the numerical precigon, and saves the corrputation time. It isa ussful

for gahility andyssdf blunt cone supersonic flow.
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