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Abstract: The basic inward turning cone was designed by methods of characteristics
which were represented by straight initial shock wave and inner compression section shock
wave cancelation, controllable flow parameters and uniformity exit inner compression sec-
tion. The integrated osculating inward turning cone waverider inlet (OICWI) design meth-
ods were developed based on the osculating inward turning cone (OIC) waverider design
methods. Based on the designed basic inward turning cone flow field and OICWI design
methods, an OICWI was designed. The OICW’s performances were analyzed by numerical

ways. The results show that: (1) The integrated waverider inlet design methods agree well
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with aerodynamic principles. (2) The waverider-inlet’s shape can be easily controlled by ad-

justing inlet capture curve, front capture curve and basic flow field structure. (3) Numerical

simulation results agree well with the design results and the flow field structures are consist-

ent with each other, showing that the integrated design methods are correct. (4) The vis-

cous results on design and off-design conditions show that OICWT has high pressure recovery

and flow capture characteristics, and the flow field parameters are uniform in the inlet exit

plane.

Key words: waverider forebody; supersonic inlet; integrated design;
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2 FVINERKEINEHSEN
— & FE

5 1T PN TR D i A R B — IR T S 3
T U PN B O Ok R R R P 4G AR A
HEASHE I — R Ak I ZRGE R T AT 1Y R
A3 AT N 8 BT 4 — R ALE R L OF B % 1)
G PRV A T B T RN R BB & .
BS gt Tt ik e s 10 R P dE o B
T M A-IEC(nlet capture curve) # F Xk B 1A 1k
B B T IR T 2R, TCCR R 8 i [ A0 28 A=
s L2 (D) S SEBR EARAR] 2 B 3% 2 1) th e R AT LA
Ik 2 X ICCTL A 1CC (58 i Fe N 1, fE AR 3¢
25 B 92 L ICC B8 N 300 mm, n= 2,
$=3,0=0.8.

x= L¢(cosD*" y= L(sin®*" QD)

£ X FCT(front capture tube) gl £k >k iij {4 i
BTG L Ul R NS T B A AR E il
LRATREAL A 1 B (8 B £, PR AT 1 B (81 4L
2 i 2 # AT LIME g FCT i<k, BAK SR o) # IE
FE AR AR 2EGE W AME AR E e H @ L
N ICC R BNGH E L FCT i &A% Frim |
e B 6 H,F H B K 0. 01 H.

W 1ICC iy it & 1) T 2R L, % 1N
B T W VBT il 2R b [ B AR )L 2 BT
BT ot 3 s R R T A — T A, A S
JT 7 A O I ) il et A R FE TCC [ B .
HR e (A SO L ICC b i X% R A (B D B
BT Y AR B xR B0 S
ORI ST A D s X R AR HESE AT FCT il
25 501 05 O R K ST A5 L A N O B o Y A
POt

EEYIE AB &L WA 6 iR, D S8R 06 E
LW EB SR BRI Z S EE I E D s AE
FEUMEVHE T S 9 IEAT — R AR U 238 B L T4 R



%6

BN IR A . — SR AT RS

B — A Bt Btk e 43 17 1273

(e 3 R N B e i1 1 3 P B U £ N A A )
TSR AB R Az BT AR ik AR E S 1 R R
1] 3 J& 171 2 05 M 00 AT R e 4 T R FH — 1R fb 3
SR IEN 5 2 N N 1 Il o e il NS R O RS o M N
b RR FARAE 4R T vk B Y D R R £ X T
SHE T A 45 3 I T AR H A R £ 1 Y — 8 43
( BB" Bo) 1 hy it T8 3K B X Iz 1) 3fe )k 3F < 3E
J& 3R IR S BB'CC . ¥ A5 B9 00 18] & 45 17 H
YA BC 1 B'CT 5 40 # pl . An i 5 fromte,
SR JH 3R T VR T A — A 1 5 U0 P AR U5 T A
S SLHanE 7 s,

Inlet capture area
(BB'CC")

K5 OICWI il Jr ik 7e s VHUH - 7R 75
Fig. 5 Design method in OICWI cowllip plane

Cowl wall

Streamline
"ﬂ ™~ Center hody G
{J_._._ ————imm i — - et _[]'
Axisymmelric axis

K6 OICWI it Ik e # Ul AB N8 R
R V=NG
Fig. 6 Integration streamline tracing methods in the

osculating plane AB by OICWI design

E7 —kfk OICWI & i34
Fig. 7 Design example for OICWI

3 AIEHSEMEHEESHT

T SR R 0 E B M XGRS TR
AITERETEREHEAT T BAE A0, , DS T W] 45 A 21K
THE R AT AL B 5 Bk T A E£IF & CEFD
B AHL3D #47, AHL3D J& 3% F 45 44 I 4% 14
RIBEIFAT CFD #AF, A N 5E SRR 2 4 55
2 R L 22 i It A B K 22 b SR il T XY
Dife. A SO R R AT 3 r MUSCL (mon-
otonic upstream-centered scheme for conserva-
tion laws) 3 18 , il & 7 2 4% X 2% H AUSMPW +
(s A PR ERAE TE 1 200 XU Ok 4 44 X0 L SR
k-w TNT (turblent/non-turblent) P Jy 2 5 %l Jf:
BEE I T R TET R S E AR B A AL 0 A%
B 220 T3, BRSO BAAE N Ma=6. 0.
WSEUIR 25 km & RIS HC AR BT — 1K
%55 U0 P9 A TRk TR E SE 7E 07 A I Y R I
A6 L g 4. AT A EE Ol 1,85, 9 70, 30 m, IR
BRI 0. 33 m, RSB 1K 0. 68 m, Ui
AR AR ST 2 0. 14 m.

Pl 8 At T A 1k 5 BP9 i 3fe I8 i 1k ik <o
X R JC Z Eh B TR ) o A S 2 = L AR
A 25 BT FL U 2 25 M R v BT i S 25 1
FEAAEIT 7 U Hh 0 XU 25 4 R R I 3% o6 4
— NI = B o AR TERR B BN TH BR T
WS AR A BT U, B9 4l T — 1Rk TN
Yo T T A 0 A3 X R T R R S R O 4 A
SRR Lk o [ AT AT L, R R B AR A A
Uit 20 1 s 4 14 5, 7 N TE BT R R Y
S DI 3 ] DL 2o i 2 TEEOR R TH BR. &
10 25 T — 1A Ak %% U0 P4 ik 3 i i A i <UTE TR H
- TE 266 4 R I R D o 250 20 A % L TR A R R T
FITENETAR M S#EREREE 25,
XAFA BT 7R TC R B IR ST m AR g RE
AR RBON L ERERE T HAER A
BALTE T HTAAR 7 Az B O T A L X o T A R L
FHZMHESEE T B R RO 0. 967.

P11 Sy — 1A Ak %% U0 P o 3fe dpl iy 4k 3 <0
BB 1V T 8 1 A JC R S B RS TR T o3 A X Ee
KA DLA BT RS & Be it TRRE T il 0=
BOoE A B 5], ml LASE H AT iy B 5 s S 7
Xof 5 A% A U Bl 1 S e i B S B E B
FUET R0 10. 3, B ik Sk 5k 3. 85 itk
BB AT ZE SR R W] - TR B B B th A% O i 3 X I
(I 3 2500 A 2 LB A 0 R v TR



1274 o= B

5 28 &

X/m

[ .
plp. 1.1 42 73 104

Yim

0.1

0.2 0.4 Il..f\ [}(.S
X/m
8 —{kfk OICWI X Bk it JC 5 T bk 45
5K 04
Fig. 8 Inviscid Mach number and pressure in

OICWI symmetry plane

[
Ma 3.0 3.6 42 49 55
_02
0.1
X/m
[
_ 02 199
) 0.1 : A
02 0.4 0.6 08

X/m

B9 —qhik OTCWT X FR I Thih 5t
YK 15010
Fig. 9 Viscous Mach number and préssure contetr

in OICWI symmetry plane

[ ___
Ma 05 15 25 3.5 45 55

K 10 —ib OICWI J& 11 1 & 1 Fn
JCZh T R B4 A % L

Fig. 10  Viscous and inviscid Mach number contour

comparison in inlet cowl lip plane

of OICWI

TR % 3.2, B MAUE T R Ak 14. 3.
B 12 Shy 2R FHEME 7 v 28 A5 10 36 I i A itk <

T TG R 0 R ) A 2R 2 L MK R AT TR IR

PR TR 40 B T O, B AL T AR

(49 R 45 U TR . 1B 13 Sy R F BB BE 40 7 14k 45%
(6 PE i 4 R S Zeom B R, AN IE poaT LU Y
O 1) T AT i RS 3R T R M A2 A HE B
YEHI TS . 22 1 Hede T OICWI (1 Big % 3, G
BRSO B M AL S R T AR AT 1 — S B R i B 2
B BT R e YRR S RGE R R B 0
AL BRI R R T R B R L R
{14 50H0 3 AT T 260 HE O TR0 R T B T B 1 4 R R o
WA Y. AL DA &L 8 &5 i B Hip A 1 A< TE X Bk T
(4 3 25 0 7 B 1 T I 0 435 4 R G B 9 4 25
FOZ WA 0. LA E 9 43 A rh J AT AT LA 2 H i
1) OICWT — &4k B Oy s 2 B8 1Y, HAF A S
) B .

020~
& Viseous Ma Invigeid Ma
=015
3
1005
1037 g3 103
10,0
i Viscous' p/p,, Inviscid p/p_
010 — | i 1 i | i L 1 1 )
-0.05 0 0.05
Zm
B 11—k OICWI FF B5 B Y 101 - 1 2 1
TR S RRECS R A AR L

Fig. 11  Viscous and inviscid Mach number and
pressure contour comparison in

isolate exit plane of OICWI

[Fi) B A% SO 2 42T — R Ak %% D) P R )k T
BB IR IRES TR, ERIPRE T
MBI BARECH 6. 0 BTSSR FR 1,
AN 5. 0,22, 5 km 25 KK DBEECH
4,0,17. 5km a5 k. B 14 8 D% 5. 0,3
i1k O Bk T O 3 bk A5 ) SR 4 = L A
15 S By RRECh 6. 0 U N 47X Bk TH Ui 3 S b £
R T) S H S = BB 4 s g E 545 R mT %
FEBE TR T 76 GO S TR B o
& UESTE WU AR B I ST R L R 2
T EBRECR 4.0,5.0,6. 0 40T S ERE
Bt OS50, — R A0 8 U SR D i AR aE <GB AR
ARy 4.0, 07 B A5 F T 1Y I i &R EORT LLak
F 0. 75;7E SBREL 6. 0,0 A I AR Bk 3
0.97, & AL & Y. i it R B 4% IR 0° X e
EHEIIOR PO BT S/ €L NN



55 6 3]

B P8 45 < — ol o g i AR T ) — AR B R RE 0 AT 1275

FATAEAE G Bt B A R ] LUE B — 1K
P U1 P o S gt i A E A B AT B B R
B B 0 S RIS R L O B DR S 2 R 4
SIVERCGS. TR G R FAR BE E S R BT IR A
BB AEARBOHIRS T R A& R 5 B HIRE
LAl 5 AN S B B AR SC8 ) — IR AR i3 5
R REE T AW AE AR BT R IO A
Rk 7R T PSR Ul 5 B4 3 s 46 RE 0 AR
AR T AR R TR P AR BT RAE L NS R i
VT IS M1 e T L L B9 4 e

LI
plp, 1.2 26 4155 6.9

K12 —#fk OICWI LR & = 4k 454
Fig. 12 Inviscid flow field structure 3-D view of
integrated OICWI

plp, 1.2 2.6 4.1 55 6.9

Bl 13 —Mkfk OICWI B3
SE(H LR = Y 45
Fig. 13 Viscous flow field structure 3-D view of
integrated OICWI

F1 BUHEGET &K OICWI R  TH FE
HFR3EE
Table 1 Theory,invicsid and viscous results comparison of

OICWI on design condition

B T
o WRAR T RN

BLiibie g 0.76 3.8 1.0 10.3
v 0.74 3.8 1.0 10. 3

Fh 45 R 0.48 3.1 0.97 14. 3

LU
Ma 02 12 22 32 42

¥im

0.1

0.2 0.4 0.6 0.8
X/m

Yim

0.2 ; 0.6
X/m

Bl 14 SECh 5. 0. 20 0°— &4k OICWI X Fikifif
W% Sk BOR I 43 A
Fig. 14  Viscous Mach number and pressure contour
in OICWT’s symmetry plane at Mach number being
5.0 and angle of attack being 0°

Ma 02\ 14 26 38/ 50

0.2 0.4 0.6 0.8
X/m

02 0.4 0.6 0.8
Xim

B15  HhRECh 6. 0. B0 ff S 4°— Ak OICWT X Fx [l
i Y B R EORI I ) 53 A
Fig. 14  Viscous Mach number and pressure contour
in OICWTI’s symmetry plane at Mach number
being 6. 0and angle of attack being 4°

®2 —OICWL IERIT R GRS R
Table 2 Viscous results of OICWI at off design condition

Yot/ BURIAL BRI R hih

B O i ZEE R R
4.0 0 1.90 0.64  10.1  0.75
4.0 2 1.77 0.62  12.7  0.82
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5.0 0 2.71 0.55  10.8  0.86
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