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EFAE, TURAEFMH#ERRE. A, @3 A LENEERONHREN,E
AR ERERMRE WS TR, WM THEY.
AXABREBRUHTERR T ARAEHBNRGER, S0 TR #EEEERY
RS FHNFHREFNRBEAARAMARAERAHSNBOMHET 2. ERER
AEMESA RASEEEN T ERITUVTHGRER - M RARME AN T,

1 T R ABE Ty %
TRP =4 N-S FRORSP AN
jnz%f’dﬂ + ggrpq -dS =0, Jn %pqdﬂ + fﬁrpq(q - dS) = SBrr,, - ds,

a a
‘[na—tedﬂ+§r‘e(q°d5) = 3gr1"-dS+§PCﬂ(p/p)dS, (1)

p = (7- 1)(e - —;—pqz) y T == (p + %—,udiv(q))l + uE.
XE, D AEREQ MARMEE, C = v/(y-1) - u/p,,p, = pc,/ by, AMICER IS LHY
B LM S, e AREKE.
BAR()#-PERATA ENEBER.

du,,
Vi.j.l: ¢ d,t 4 = - R,;,j‘], + RVi,j,k! (2)

A Uy = UV || Udedyde, R0 BB OEAET, Ry, SRR,

Ri,j,k = Ri+l/2.j.k - Ri—1/2,j.k + Ri,j+l/2,k - Ri,j—l/?,,k + Ri.j.k+l/1 - Ri.j.k-vzs (3)
Ryijo = Ruanje — Rucinjoe + Rujuane ~

Ryijne + Ry jiern = Ry ji-1ne (4)

AXRAARGBREMEEZESBA, DTN EBRAZBEN TVD X, AT @#EH
EomATEEREMENBETRE, RIFT BN TESE, EREGS R ENRRTEM
RAT R XEOHBL AR E.

ERMEBRGFERO) PN AREREAN:
du dy Jdu Jdw Ju
23:  xt3y 32%t2:

du 3w dy 3w Jdv
& = ay + Ix 29y ay + 7z |° (5)
W dw dw 0w

—3—x+ay dy +5; 23
Bon AR EIMNER B KRR, n = nd+ nj+ n kW
g-n = (n-gradu)i + (n - gradv)j + (n - gradw)k +

n, - gradu + n, - gradv + n, * gradw. (6)
MFE—E ¢  BBEEX
$ pas

grad¢ = lﬂxg T (7)

AN HE MR TT ERERRER
grad?" = _%/"Z¢1S[, (8)
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AP VHAEEER ISEMTHRRYRT, S, yEELEHNERER, ¢, oL LNE, B
Roe 35402, I«

6 [ []
grad¢ == 'lv[z‘hsl,i + §¢ls[7j + Z?‘[Sl,j]. (9)

el lel

Fﬂ u’v’wﬁ§¢ EI1§:

a
8-n=y5§+y-gradqn. (10)

FR)F p + (2/3) pdiv(q) WEH  ERABBEMNE X,

ﬂgs(n - g)ds
—— (11)

1 7 g B8 067 B ] X B T B B Zh b
(e n)-q= ,u[%g+gradq,,]-q, (12)
BEAZAERETAHRR .
€ 2=(p/p)ds = Cn - grad(p/p). (13)
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B R BT BRI AR R R E A LR A0S B GO, T LR =%+ 4
—~H. B 1ATRATEENISESEHNENBRON K, TUBRHESRALRER

FEHRE, BHAXRANBELBE Y ERTRSY.
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EHEBHERNLE. EHARYCEMTHREREEAHAD, AERK - MRARTKRBE
HSGHA O R EN BT TR HE AR, BERTHESHE, HKEAQ(4) HRARKEF
E—TERERA. Mo = pu/(pu)e = Au/d;,. BERERY  H#KEACORETHRAR
FHEEMRBAEOKE, ERBTRAMKSOERIE, 9 = pu/pu. RENHTK €
EHA#SEAOBARSYIRENSE AGETY N ESEMEREMADHIBER
THEIILEEENER,

€ = ZJ(M M)*/(n x Ma).
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B4 R=REMHFEERZLE. FHEERET R RRRAL, HETURN S
FEHSEAODBEL#EE B2 3KKAFEM, BHEERK.
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BEBGHEIUEMLRZEESYAEE, BREK=FYE G+ HUIH _REFHBA

FERRNRYE R EAARNEEERE.
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MOFHBELLL AT E R BB A A BOR. BETUESE, HARK IMEREENR
BRA, R AR ENESERRARAEE. B6 AT BRYKMAM 0 LFAF 10087,
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AT H— UL A ES A SR, ERNERA C—ENRET, RIT%
BE —RIES R 4OME “RIEFA SCAE 50 4°H G 200 TPHA K 7°H 2244 % 7
B, AFEFAEASHERBTT 0. B 1 E 2 yOANRRAEEEDREmHE
FEE,R45E TXON M EEHREENSH. ARESGAERR, ENRBSBRANE
L EAREHNHFEEESHTEADBELR 1. ER S fMER 405t 8, M
R ERHRRBLERF, AR LS EBAEKENER. S EH5ANKE, ESZRM
BEXREHRAENRERERNT ANESRR ME_EFAB KRG, HEA DR DHE
BA AN #SENRITEREE. BENGEERRE, XY RS, R 4058
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F4 RO 30k IE 2 od a4
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3 KATERRTIR i S —

RELU L ITRAEHBORAEER, A RREFO ITHA R/ HSEBTT —
BT, BRI RARSGETRAE, IR —RERERA N 4, B RIEEH R 5, #5
HRRESEHAEN . FoSHEHRTELEBGNMNE. HMUBERXHEH R, BIATH&
EREEBRNBESLEREMZ. ERITTIHBE M, = 5 KEXA N« = CHEGTF, A
B A BB RS AR RS —E A, B
tand = 2cotf — Mlsin’f - 1 , (14)

MA(y + cos2B) + 2
Hb 0 hBERER . IBEA M ABENDSHE. REXAHAEXBES Z B EMBEK
. AEZEMENXAHBEEHASELEBZAOMNE. RN KEFMBEXAR, TLRERB
FRIEHER, T

p 2 .
,Tf = 1+ﬁI(Mfsm2,B—1), (15)

K p, NEEES , py REBTES , M, RERTDHE. ERITIETNETEELHFREN,
B S Wi 22 1 JLAE RHE B R L EAHE

BEHEHRSERENERAD, BAKBEAOLNERY A GELHERN 4,, R
ERETERE, #SEAODMEGEERRILARXMOT

(r+1)72(y-1)

y-1.,,
4 _m v (16)
A M 1+—72'1M%

ERP AN DHE M, AR
B R AL DR M, BRS¢
4. BELXREHATHREOLE, TR |
BT AT B A B R — AR 3
AR A E R ARG -0
HATT B, BT ERA NS T, HE ﬁ
MERFARERE. B 1390 T REBEY L
— TR E . REREEUNAGEE, 0 T T0
GRS E AP EESE, DR M, =5 /L
AR, S EA QP H S HEGRE M, = 2.98, 13 S — AL R
HAERHLERBREA o = 1.58, FHDHHK
KMy = 2,54, REWKE R 9 = 0.64. UL BEHI, 76 AT B ATl — LRI b BT R
ARETEORESER, HAEFEEFTELSELXEBRUE, ERNKERHIES
B AN, EE T RN ERBR , WAL R G T R W, 3R MBI R
BHLEY I # TAESR G T & 15

4 45 it

ACABEEBN FERR T ZHARA TR EWR KRS, BA LM ESE A4
AHESFRE, U EBIR A RR BRI T AT R/ HERE R — B B E S
BREHNA:
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AEEA, TLURAERNTATES R BNANRSTIRENIRERE.
3)) FREFVHENKREFAENESEEWHIE - £ E KR ALGTHEZERXK,
A UBE A AR o 40-5o R B — R BRI R 0SMIE , B — AL BT P, Y B N
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Forebody Compressibility Research of
Hypersonic Vehicle

LIU Jia, YAO Wen-xiu, LEI Mai-fang, WANG Fa-min
( Institute of Mechanics, Chinese Academy qf Sciences,
Beifing 100080, P. R. China)

Abstract: Three kinds of forebody model of hypersonic vehicles were studied with numerical simula-
tion method. It shows that the two-order compressive ramp model is the best selection among the
three for its good evaluative parameters value at the cowl of the inlet. This model can provide higher
value of flux coefficient and total pressure recovery coefficient and lower average Mach number com-
pared with those of the other two models. Simultaneously different compressive angles may have dif-
ferent effects. The configuration which the first order of compressive angle is 4° and the second 5° is
the optimum combination. Furthermore factors such as attack angle were concerned. Better result
may be obtained with a range of attack angles. Based on the work above the integrated design for
forebody/inlet of a hypersonic vehicle was performed. The numerical result shows that this integrated
model provides good flow field quality for inlet and engine work.

Key words: hypersonic vehicle; integration of forebody-inlet; compressibility



