F m OF O#

Journal of Astronautics

BUBE2H
2006 4 3 A

Vol.27 No.2
March 2006

E%F?ZiﬁEVf*CF;quﬁﬂ%umiﬁdiﬁktt1tEﬁ A

RAE, 2 K, EAK
(REMEEDEHRFTHBAD N EESLRE, LR 100080)

w E: %fﬁﬁﬁ%#T,ﬂ??ﬁiﬁﬂﬁﬁ:ﬂﬁ%ﬂmttﬁ‘ﬁ,ﬁii’ﬁiﬁiiﬁﬂ?ﬂnii%,u%kﬂﬁﬁﬂﬁﬂEﬁ,ﬂ‘
BTHERRBEEARBRABOTHR, BHEFRTERRRKSMTHEREIMM SN FENLR, ARE
RRAT R SRR BB 7 O B RO BRI R SRR GBI DB R R AR T N T

BOR T B EO AR AL T B 4 , LR SR OB/ PR SR BE B K, T T B LR

KW RBA; AR FWEG FAEK
RES¥EE: 0543.3 XEARIAE A

0 3

. Mz RFS, RITRRITHARREBR
BROEE CITEZMER, YERKEPKR
EE M =58, B FROEEMISMATEKRH
BERE, {5 & 47 2% A BEL g S 38 m , TP B Tt BH B R
BE”, Fedikiit 2 RBO%BE BB KR ALK —
Pzl HRE R T AOR BB S i B R PR R R
REXTHRWTRA, ASETu%, R L&
i, B ERRNIA T, RESNEH T HE I EE
SMERF I ERE s EMREMA T, P SHE I
P E L @ESMERM AL E . R ITHTRE
RWMEE, BABE RS, 7 LURIER Sk O &R iE
AW B S BT BT R TR

1959 4 Nonweiler H K I NE W HH & =
AREFE TSR TR, E_REERYG FHE
HE— P RIEWE S EEE T8, 1981 4F
Rasmussen % N & % T B 4 T it 3h 45 B3 O 14 i 38
3 SR AT O R S R P /N 3 9 4 T O
B ARHATT RRFH AR E . BB -8B
&,5 Nonweiler B —4“ A "JE R PR RITH L, B
RERGEBRKRBEEERERBL HEAER
MIFHBL I . % Maryland X% 78 T BN FRIA S8
f) e B AR e AR AL BRI B RE HER BE E 5 A B
Tk Bt 4k 3 B . Mcichael Joseph Gillum 2 Xt
DAFHRH B 5 R BB B AR B S #F 14 e
RS TR T, X BT & S B SN B 4T T R
AR %™ , Marcus Lobia S0 T B A B KGR RORE L

il

e B #1:2005-03-03; B E H #:2005-07-13
EE2T B :ERXBAREE S (90405012)

(72— 1)[1 o (d”r ’

3 E % S :1000-1328(2006)02-0162-05

PR EBHR R ABRBEAEKMALIE, R
Btk LPRR RS T — 2 . RBTHERENE
W RATRE T 0 — 5 K BE A e % 4k B T A6 ik
BiR. B TREEERRSEHREBMAX, &
BVRG VAL AT B R B B e B AR AL i B
W o

AXAE M, =12 EHEM Ac = 6.5 WEHT
TF R B ARMRALTL S, LATHBH 0 BF 5T B A , B AR 82
BHTE 0 s 4 3 e B AR HT R HEAT AL B, LK
TR B 5 e BE T T R R U O B R T LG
Fe AR RACR W, 45 A 7] 55 0 B89 AL e e 1
SN B R RRAE , 1 IR R R O e 4 T O R AR
AN R AL LR

1 FRGHRLET

ARG E RBERIT— MR =4RYG
PG AA , LA G 4 7= 2k 1) S8 L W 3 1 O A R e
BRMEAR G ERGH OB BEE L X —&k
BARRT R LR ;R AR 406 BR 0 07 T AN RT R R # 1T I
LB, ERREARTRE; NITRLIERRRE T
mE AR A L RE, DA RRITRETRR
1.1 HEEHG

StFRESERFERE AT, HEA WSR2 55T
PRI 46 B 48 75 B O 3l , 7T LA3E 3 SR ## Taylor — Maceoll
FREEH.

ﬁ) ] [21}r + %cot@ + %] -



F2W

KK 5% 5 - TOAT R BE B BT BE X 4 T O e IR A A ) B i 163

dv ?

T v,%+%%é’2—']=o (1)
Ao, BEESNENEESTR, 0 BHESEERM
KMFA, v BRHAL, AP ZFTEA 4 B Runge-
kutta 77 B K& .

MW B LS, O AT R R —

WE— DR, RAREZEEN A RITRA S M
BE EEREERTRE. REHTEN:

do &y o @)

XE, u, o, wABAFE FERADHOEE. £
RESkRBEFA—B,HEEHP =P. .
1.2 K3 NitE

38 o7 AR AR T B R ST B, T B AR B TE RS K
3 77 38 1 % B 48 3 0 R BE AR R B R A
RRENNE. KEEEHASEREE"HE,

BREHERAR c; F:c, = 0.664/ 4/ Re, (3)

ﬁ¢%ﬁﬁmﬁ%l%:m;=ﬁ;;f(o
ﬁ*p*=£%;M\P,ﬁ%ﬁ*ﬁﬁﬁﬂE
Ts v RARRE Y MM, o BREEAR
BOBERE T BT -

% = 1400320 + 0.58(7% . 1) (s)
A T, BEEBRE.

WMREERB cp H: cp = 0.074/(Re; )*?

(6)

RIBEREBHFERALRARY, Y5
REWH Re, SHEHUFENZDHE M, B EE
XEKXWTF:

log(Re, ) = 6.421 « exp(1.209 x 107 M>*') (7)
%A EEMA o X EXFEFTWTFBIE:

% =0.787(cos8)**** -
0.7221e """ + 0.9464  (8)
R (Re,) .o B (BT, BRSPS IIER
%, B IEE BB (Re,, ), BB, BHRE S BIR%
HIBEES «, ATH FRITE:
: x, = x,[1 + 5(Re,);"*] (9)
HRXWEERY cp TLUAAREREER
Ble, WAERER o, WABLE.
cm = (1-8ey + bcp (10)

l‘.ﬁq’m E=1- e—3{exp($(ke‘)g-2(z—z.))_1}2 (11)

& RRTRBIERKIRA SH BER
BENDAS: o, = 30 ube) (12)
1.3 fifbrk

EEERGHENFELT , HELRRRBEAS
BHRREER, XERBENEZLSHHNELE,
DAFHBH E o B AR o6 30, D A B 4 TR N 3 B (Nelder
and Mead’ s Method )™ , JF J& & I & . 3h 4% 1 40 11
b BOETE N E s R LA 3R B B O 8 O Rl 7

L BVENLEE ES R AT & T B iR R EE

KN, PV R R A R B, 16 9 TR A FE T 7 1)
ME%, RASLREEHEMH AL, ETA L
U, HAT I, RN AR NAY RS, &
o7, W g M “4a N7 T B, B A B B A R
BB /MER :
MTFRERS, RIVAHNERE Y- 2 ERE
By 77 v RBEAR, B 5T V-Z RE LR TER
RS AR CTENRE E#E—K(2z =0), 768
BHEHER LE—M(z = 2), KR=FAZEH
W8RG SR R ZE (B b A9 4 o5 80 4 T b A R
SR %52, = 1,2,3,4), BE—-IMHRREL
8N ERKMERE P,
P, = (9’1’9’293’3’}’4v22»23’z4’zs)s (13)
MR BT R X N — R RATE . BT
BHEE, TEALSNEEN I MK RLAE, B
1 G —H IR BLATE
1c
075 F
05F
025F
ok
025F
05F

-0.75 F
-1 kB

YR

B — 4 s P B e

Fig.1 A sets of initial simplex

PR E RTHEFE VTRERRARK
FHBE b, FotR A B B AR B - ’
Fu(P.) == (L/D) o (14)
El2AHTRAEDHE M. = 12 HEAH A
=6.5% KITEE H = 45km , B Re, = 2.76 x



164 FhiER

107 i F BEL b B3 KSR B (A B A AL OB £, 7T LA i
At 100 B AR HBHE, A EILE 2R HEE, K2
X,

) 1 1 L L
0 25 50 75 100
Optimization Level

B2 Db 12 B4 A 6. 508 7B b O 1k it oSl %
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Table 1 Force coefficients and geomeiry parameters of waveriders

at different altitude

KITHE 35Km 45Km 60Km
Bk Y i 2.6265E - 2 2.6486E -2 2.6488E - 2
B RE 4.408E - 3 5.049F - 3 5.427E-3
FHE 5.96 5.25 4.88
HRE 0.1978 0.2034 0.2022
Wi 0.0879 0.0887 0.0889
FREK 0.2327 0.2180 0.2223
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Fig.4 Drag force coefficients of waveriders at

different altitudes
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Table 2 Force coefficients and geometry parameters of waveriders

with different length

Bk E 60m 30m 6m
AAFRK 2.649E -2 2.635E-2 2.736E - 2
S WIEY /4 5.049E - 3 5.233E -3 5.929F - 3
FHE 5.25 5.04 4.62
HRE 0.2034 0.1998 0.2204
K 0.0887 0.0884 0.0929
3394 0.2180 0.2283 0.1872
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Altitude and Design Length Effects of
Optimized Waverider Derived from Cone Flow

GENG Yong-bing, LIU Hong, WANG Fa-min
(LHD, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: The hypersonic waverider has characteristics of higher lift over drag ratio. This paper is concerned with waverider

optimized design, the object function was lift over drag ratio, viscous optimized process was completed by Nelder and Mead’ s

method, Altitude and design length that determined the Reynolds number was discussed in the optimized process of waverider, The

result is: Reynolds number is smaller, coefficients of friction drag is larger, and lift over drag ratio is smaller.

Key words: Waverider; Optimized design; Reynolds number; Lift-drag ratio
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