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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 &R AT
ERA=MH NS FROBAL RN

) a N i . \,
Jngzpd.() + ﬂgrpq -dS =0, ‘[né—tpq!du - ﬁJI‘pq(.g das) = E)Bpf" ds,
a L /AN d
-[n a—ted.(l + ¢ rf:(q - dS) = 'J)r.,, - dS + fﬁrcan(p/p)ds, (1)

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

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

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

Riji=Rinju- Rz + Rijons - Rijoinu+ Rijuan = Rijuin. (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.

IERMEBRS HRO) PR AKBEREN:

9u v du dw Iu
3xr 9z T3y 3x oz

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

3x 3y 3y *ta: 22
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
$ds

grad¢ = lﬂxg > (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«

grad$ ~ - SSi s 88,7+ 98] (9)
Bl u,o,w RS T,

8°n=ygz+,u°gradq,,. (10)
FRO)F p + (2/3)pdiv(iq) HEH . ERIAHFHEX,

ﬂgS(n - g)dSs
div(q) = lim S (11)
1 7 g B8 o7 B 1) 5 F o SR T N

(e n) g = ,u[g%+gradq,,]-q, (12)
BEAZAERETAHRR .

€ 2=(p/p)ds = Cn - grad(p/p). (13)

HTRIEHEOERE, RN SHASHEIHAESAEYRESERENR TR
MEXRETH . TRAHEREN  RRDIHY Maw =5, B = 6. E1FE2 HKE
B R BT BRI AR R R E A LR A0S B GO, T LR =%+ 4
—~H. B 1ATRATEENISESEHNENBRON K, TUBRHESRALRER

FEHRE, BHAXRANBELBEFERTRSY.
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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 ESEMERBMADHIBER
THEIILEEENER,

€ = ZJ(M M)*/(n x Ma).

Zli)‘Ch‘SUXﬂ\?{E%lﬂiﬁ(ﬁﬂ D —REFRMRM DM -2 EHFRE(HE3)=FK
Bty THRERY, “REFBRE S - RNB_RYEHATHH 4.5 :

0.005r —» {HEN1
0.30r —w— prm) —o— MBI 2
--o— A2 : 0.004f —a HH3
0asf 4 BE3 ;
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U .
«©
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I..
0-15g J—y-l 0.001 |
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x/L
B3 EHRY W4 HFME

SHEANEEMENREELME. —FEFEHEE ENOREEFREEHE, %
AELMEERMBEAE N RREBHK, —REFHEBUAEHRANK, EREEERKX.
R, ENRBHRREI T ROAELHMHEETR, AL _2EFRERARKE
HRBHKR.

B4 R=REMHFEERZLE. FHEERET R RRRAL, HETURN S
FEHSEAODBEL#EE B2 3KKAFEM, BHEERK.

F2FHTEAHANASEANBREHNEM SR, S 1AM 3 HRRREER,
45109 2.921 #13.007, BLRY 2 WiBH BAX FRIE, NN 2.478. N SEKIERE,BA 1 A3
HEERERNR, MER 28K, AHASBEAODRTEHTFHSHEMRSYSIERE, HE
SHAMAMEREETHREMRY, 28 REAEENRGIIERT, SHRLERLE
K, A, MEZ TEARABRENARERE.

®2 TRAPIHETAAOART RN SM
B B 1 M2 K3
MERH o 2.921 2.478 3.007
BEKERN 4 8.30lE- 1 7.514E - | 8.144E - |
URBRE 6 1.34E -2 1.033E-2 1.036E-2
PG HY Ma 3.251 3.429 3.332
WIS € 0.279 0.249 0.236

RE2HTHEABRN BAERETATHR,ER 1 BERARREHS EREER,
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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,
READHEMAPERERAORBABMN 2.051 EFF) 3.542, MiAn & Fsh LA BE# K 89 .82
EREREOWM 0.912 THEX0.688. XEFHNMEER AN A, L BB ZS MR, K FWFL
BB KWLM, REENBOSRHBERE RROB L. Fet, HEEIUH MK, BEK
RETHOBEER REBEREEKNEBERRK MAMLKAE EABE NHKEA TS
SEMARBEEXRE,CH ICHAMEARAK,CHATERAREET MW ERGHOE
AWET . HHER AN KITHRENRSNREREAA, FEE - TN RAREA,
RITHRAIARN T ER RS, RGNS ERF ARBEE RN,

P 2

0.24 i o.005; ¥
- 4-5 '1!““.. ——— 40_50 .
e T fRRTEE 0.004F - P2
0.20r , xp :
L - 1 o003t T FT o
g - 03 LA
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;——-—- o_m) o
0.08¢t
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2.3 XTRINKEHZAXNEERRHOFIN

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

BRAEES- 3
F4 RO 30k IE 2 od a4
BR BR 5o40 B a5 BRI 7020 BRY 2070
HERH o 3.004 3.001 2.921 3.027
BHEKERW o 7.720E - 1 8.144E - | 7.234E - 1 8.386E - 1
NWRERHE & 9.974E - 3 1.036E ~ 2 9.658E - 3 1.061E -2
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3 KATERRTIR i S —

RELL L RATRAERBHEAER F X RERELOITHU G/ HKEHRTT —
KIEigit. HAEHEMEMESETREME, PE—REBRAN 4, FE - RIEHAN S H#HS
HRERESEAEN . B LHEHTELEBZIMNE. HUBRXHHERM, BIFTE
HSREEBOBESLEREMAL. BRITSHBE M. = 5. KBRXAR« = CEEHT,T
ABE A M AN XRAEE —ER B, B
tand = 2cotf — Mlsin’f - 1 , (14)

Me(y + cos2B) + 2
Hd 0 hBEREM, LIS, M A EHE. KKAAEXHERE Z L ZERBEK
. HEBHENT S RENVRELEBENME. RN, KEFMEXRER, TURGHE
FEREMER, T XK.

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)2(y-1)
Yy -1,
2 M

1+ Loty

2
ERP AN DHE M, AR
B R AL DR M, BRS¢
4. BELXREHATHREOLE, TR |
BT AT B A B R — AR 3
AR U B R AR -
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 oL
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:

1+

il (16)
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X X FE BEK FER

D ZHREFHRENAEEIE L8, TRWTH—FINEES, XM HME AT LK B 3
SENG —FALRT BRI TEEBRR, BA RIFNRG R E.
2) RMBAXMANS MG RABRKOE M. X FACEUE S5 5 KRR, E—EHH
AEEA, TLURAERNTATES R BNANRSTIRENIRERE.
3)) FREFVHENKREFAENESEEWHIE - £ E KR ALGTHEZERXK,
A UBEFT A AR o 40-5o R B — R BRI R 0SMIE , 2 — AL BT P, i B e
SERBTREHMGMESIILIEF TIER K.
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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



