LHD 2011 FJZEF4 R4 307

=B A IR K1Tes EEE

R, KHZE, #Xg, TAK

C PERREBE DR R TAB) ) B R AR CGF) , JLatifgiElx 1001900

TEE. i A P S B A AT SRR RN B, AR ROl A R AT DU R L) AR B
A REZN 7. ASONH CFD HAKIITTEEHERL I fE A I ek WAT SsAEAN ) WAT 4601 1
(K)BE T AR R g o TSR R, AR Rl A S RS OU R, ERL Ok BRI . ERL
(FIAERRTIAL R ©AT 8 Bl o S sl A0

AR FR GATE, PERL, CFDBA

El

jillls

X T e Rk AT RS, BT (R
ERAH AT, RS REF, X
I TG A LR B . Y AT AR AT
FEHCIRAS N RAT I, EREERE ) Pt & S BH )
) 30% ~ 50%, ZEAEHGTII KAT 2258
JIEEREE, DA ZRUVRE A RO AT 2% 1 EE B2 BH. )
[1]

P T A v P T RG] S0 TR
A K, TFEGA D)2 (CFD) & Bl
SR A 2P, X T CFD WFET T
T BRI ERIFEA AN R SR
PEPH )2 AR TE L S B S,
RIS R, Z R P i
it A ABE 20 A5 DT 2% PR S R AR K

James SE0T e P BN R DA 2
AT TIRERY, [ P 5 5 B A A v A K
TSI PE SR R R P EAT T RS, e
AﬁnTEth@%ﬁ$#T,ﬂ?mﬂ
JI RV B BT S 10 9K 250 1 5% mig
Y] A NORT (R 75 AT A AR ﬁ%ﬁﬁ
RATAAE T B EERL AT T W50,

BB Bt vt 7 T AT 1 B AR 2
S VA T BH B A RF ) e 4R AT AR A 1Y
Fe e ML 2 i1 Noweiler 7= 1959 4E4 H1 )
B, SEARUR: I 0378 3 P g 36 v P 3K
1748, WmESRERE VATARLUR, M4
ETHRHEL, SEETEBH B R R . AR T

K1 fim. SEEMHELHT AR KITHEA
[Al, P AR CAT 88 5 BEAE KA KB ) K
17, DA B sh, B s kAT 8
B PERE . (2 SR AE 7Y 3% A i 1) 3Fe I8
AN KA IBURI AT 2, A5 P
AT R AT IR KIS ), 1T HAR T
GAE TR RAR G TIN, EHEAaH%IE T
T2 AN HERE AT B DL, — I
P 72 R X AT g 9 AT B AL . Lewis!™ |
Takashimal™ i1 Travist™ s ali £k 17 2% 1 e
PRAT B EATHET EH%?*%&&%@%*
e Atk g 2O SR i AR AT A% 1 B Ik R
JEEBH AR AT R K 5

AL SRS T 18 FHHETE dids A i T
DA i 7% e SRS TR BRI, Xy
A e AN L8B4k 7 S Bl AR Y e S
T AT A AT 2 = AR LT 1R R BRI
AT TR T 2 e S ) AT 4%
PER R B EEE 20, RIEA ST 9T I A2
JEIRAAE T B R BRAEE

1 BT TR

1.1 g RERFE

12 FH SR HE 30 3 1) T 1R AR K JE
60m ) 3fe e A&, H B ik A8 H=60km,
M=20, 6° HEffl2,



308 LHD 2011 )% HZ= R if 4

X

K1 e e A A o

1.2 SRR RsE L AN

A SCAE I BEAR T7 o At kLBl AE ¥
P D ol T 1 NN T o 2
RGP B HCE S, K 2, %A
SRR Yk /> o A 2R TR 5O PR [ N 38 T AR
#,

A B4R 428 30mm . 60mm .
180mm. 300mm HI 600mm, SCHER[11]AT15
gl 3% W TH BH LU AN Hegit B Bt 1L - 42 A8 4 B
B, (HRESE R RE R e R, T
R S BTN, AR SR F B A Y
%25 30mm, W 3 oo

1. 3 BN BEMIEH

N T PRTE RS, AR BRI
M. M 5.2m, K 15m, #eif s KIS N
0.31m, JaHiffih 40° , ALK 58.78m>, Wi
ZRAliAk 242k 0.155m, g TH S50 FR THI 1) 92 £
i 50° , Wi 4 R,

T gl Leading Edge

2 bR R R
0T B 1T 27— 2 R R v 7 R AT AR
PEEBH ) 5B AE B IR N, AR SCH
T BT 55— J2 AR v B MR K 107,
/NTSCHR[E] T H2 2 28 — 2 WA B, TF
WA U 5 FT s

\

K3 BTSRRI

—

CRRIEa

K5 TR A



WRSCESE: Rl A IE AT 4% EE L TUAG 309

2 WEHEAESEFEIE

2.1 HEITE A
AR A IRARFE X N-S T FEHEAT 4L
(ER S
A FE AR RS TTRE. TS 80T
= R/NSIWNE e gL R = /NS W | T
P=pRT
h=C,T
P u? +v? +w?
e= +
(r-Dp 2
Kt 280 Sutherland A5

ﬂz(l)% T, +110.0K
4y T," T+110.0K

1. p0=1.789x10-5Pas, T=288K; #
13 2K Pro, Mo Pr b BA%S%L,
BT RV Pr=0.72. i8R s SRR

il

THE R, 2% (A CR O X R
TVD k&3, J£/ Continuous Bl #e3#I %
e, W EHCRAH LU-SGS Faaid s =t
AT VR T4 A 20 5 k. 3R A i
KA, WK A A, BEm
KT A

2 T EREFHIE

P T e 8 75 T ) AR R BH - S R
JERAAN), ASCRASCER[A3] ) B FAEELH], %
TP AT . BE808 48 0% 38.1mm )
Bl
LA, KA A Ma-=8.03, Wi T.=124.94
K, BETHIVEE Tw= 294.44K, TR
T B Re- =1.835x105, M A 121X
81, HHE 4R E 6 s,

i

il

\\\\\‘\““3“““:“
I

2200

1800

1400

1000

600

200

%
W
G
Gy
iy

K 6 RIS 5 R ) SR E 2R
K7 FE 8 Zpllgh T RSk A EER )
ST M, SRR i g g
A Kolpfer G.H.M45 A [y sz 45 B ukAT Tt
AR SR SOREE R A BRI,
AT W H SRR P BE A ] T 0T S AT 48 B BH )

AT ST

K 7 M=8. 03 Il Sk AR s s 40 A

"’

. by Chen
. by He
.. by Kolpfer G.H.

K 8 M=8. 03 4l Sk A B IR 43 A

f@o
T,
-.-'/V.

04 Cal. by Chén
I ='="=""Cal. byHe' ”
H @ Exp.byKolpfer G.H.
02

To

SERD

3.1 IR ATRREEFR 4

HOUAE 4 gy R INBEAL SR A AT
A UEATRERH VRS . & 9 2t TR PH S R R
bt e ARV A 2R

ME 9 WTLUE Y, B EEFL B AT
e S M n g hn, HLBE A AT e R



310 LHD 2011 FJ% H 722 RiFish 4

o, Wik e g e ; £ H=70km K}, JEE
PH AR B O i B R A, X ks B LA
BB E S 50%. AT LA T
PR AT 288 21— 502 1 (P N, B8 BEL I 5% i)
¥ S EH

Pl 10 45 H Tk BHL5 PR L i 5 5 4 11 A%
o ATLUE HBEAE ShARAE I, I BH5 EERH
REMEIRIRD o X T AR N, Re 3%
A, R BE AR AN, AT S SR B

/N
0.004
0.003
P SRR ANRRERCI
c
o
] L
&
g 0002
o L
o
o
o
0.001
Wave Drag Coefficient
- —1..® — | Friction Drag Cgefficient|
0 L
40 45 50 55 60 65 70 75

Altitude

K9 M=20, AoA=0° It i BEARALBH J1 1% 23 Aii

0.004

00035
. ave|Diag C
— A rictiq rag C
£ 0003 =
i~ e
2 e
= s G
©0.0025 e
o
o
o
8 [
& 0002
IR A O
0.0015 |
0001, 16 18 20 22 24 26
Mach

Kl 10 H=60km, AoA=0° INBfiZ St HAe 1k H 11 &%
1143 A

0.004

00035 -

0.003

0.0025

0.002

Friction Drag Coefficient

0.0015

0001, 10 15 20 25
AocA

K 11 H=60km, M=20, AoA=0° K5I 175 {k B
e Ewin

KT HE— 20 T AR RE BH R A AR AR ) R
A, 11 g5 T EERRHS U B R B A A 1)
Ak, IWNEIHE BB B IR, BERHL &R
ALK X TSR R, V) e
BEHAR /AN, RV A AR, DAL E R &R £
Ko

3.2 SEBFEER YTRERDT

AN 5 4y MR A AT 8 AT
TR B 12 g5 TP R AR Kbt
AL TS A A

0.009

0.008
[ e Wave Drag Coefficient

g = w1 Friction Drag Coefficier
o 0.007
L
g
o 0.006
(8]
L
£ 0.005
c
>
K (P G
o 0004
<

0.003

i
0'00240 45 60 65

50 55
Altitude(km)

Pl 12 M=20 I i vy B2 AR PGB AR B 22 AL

ME 12 FRTLLEH, BH R AT
e P S N HE i, ELREAE AT E G
W54 R (B Wi i . #E H=50km I, JEERH
REC LW REA Y. v] DR e 4k
AT 28I — 8 AT HFEI, PG 5% w7
BHJp by = SRR

K] 13 H=55km, AoA=4° NP Df%as hEH A
ES R34

0.02

\
\
- Wave Drag Coeffidient

— B — ‘Friction Drag Coefficient
£ o015
2
2]
]
[
38 SN
o 001 A
£
©
c
>
=
8
£ 0.005
= — = =
0
14 15 16 19 20 2




WRSCESE: Rl A IE AT 4% EE L TUAG 311

B 13 45t 1Rl SRR AL B ) AR
. MRS, Bl SAFE0 K,
AR KD RS O el > o X5 3.1 471
10 Ry Js P — 2 o

K 14 g5 TP AR AR O (A2 A i
Ze. B 15 g5 T MRS FRIAC . il
N e e F R S R LR B A
ME 14 el LUE Y, BRI SO IR, SR
ABATVIER I M EEL RSO S 3.1 YK
11 (A BEAEAN — 250, L LS ol o A 1) B
%o MWK 16 PR, PRIEEH AL R 5
AT SR BN R EEREL R, TR T
JEE BELFR T k20 w0, DTS 1 9 i - S50
BH 2R BB BRI AL s SO AR RN, fET

0.01 »
]
c
.2
L
% b e o DA R W
=]
o o
L
E 0.005
> o
-
e
Q
< VWave Drag Coefficient
— @ — Friction Drag Coefficient

2 3 4 5
AocA

(R AT R T AR sl ), T A5 B0 A PR L B
i, DRI B0 AR 3G ORI, AT 2% 5 1) R FH 98
/N

o

K 14 H=60, M=20 Bifid 440 1 R B A4k

02
I
3
0.15
€ 1 .
@ Split Face of Blunt Area
2 [ : === Down Surface
§ L. .i....|=—:—:—: SplitFace of Rudder . .
Q 01
§ i
= !
£ 005 .
= ;
7] ? ¥
H e
L —
o= H L

X

Bl 15 TR SX PRI L B2k, M2k
Y R PR B AR K

AN SO R AR 5 o M T R BAR AT AR
L5 BAAL S5 R 1 RAT AR LA RATIRES
NIRRT (R . WIFTUAE SRR
(1) A AT A8 I RS ) 32 e AL
DA ) { OISR IS S AL PN
(2) BRI A SR Ak, BEE I
AR, HEMLARBR R, (A5 1748
SN G REATRIAL (RIS E if SE
P, BRI AT S EE L A DTk L AT T RE
Fe P ARAN =, IR AT ) e B S kAT
e BEFH AR AR 55 SR AR A — 2

S 3Rk

1 Anderson J D. Hypersonic and high temperature gas
dynamics[M]. McGraw-Hill New York, 1989

2 Knight D. RTO WG 10: Test Cases for CFD Validation of
Hypersonic Flight, AIAA 2002-0433

3 James L.B. Turbulence Model Validation for Hypersonic
Flows, AIAA paper 2002-3308, 2002

4 BUBHE, R, SR b AR v A AT AR B  Bh
OB T v B N . TSR, 2008, 25 (5) : 550-560

5 BN, B, SRFERE. I8 T R AR L A S K B T ek 0 A
GA RN 23Ry, 2006, 24 (4) : 450-453

6 [EE, BAE, 2R PR CFD T o R A v 2 1
] T, 2B AR, 2006, 24 (1D + 125-130

7 T PR/ o R E L — A SIS (D] T E R
B¢ J3#WT5ET, Abst, 2008

8 Nonweiler TRF., Aerodynamic problem of manned space
vehicles[J]. Journal of the Royal Aeronautical
Society, 1959, Vol. 63:521-528

9 Gillum M J., Lewis M J. Analysis of experimental
results on a mach 14 waverider with blunt leading
edge [R] . AIAA 96-0812, 1996.

10 Takashima N, Lewis M J. Navier—stokes computation
of a viscous optimized waverider [R] . AIAA 92-
0305, 1992.

11 Travis W D, Toannis N, Graham V C. Numerical

—

simulation of the AEDC waverider at Mach 8

[R] . ATAA 2006-2816, 2006.
12 2R AR, 2 ) e P T ST A v 25 22 ) S A S A
J. (D). P EREER SO, dEst, 2011
BRI o P AT S 0 B BB PLR R
DR EAESE SRR, [D]. b [ 233 T R rh e
T, 4R, YN 2007
Tannehill J C., Buelow P., and Levalts J.A three—
dimensional upwind parabolized Navier—Stokes code
for real gas flow[R]. ATAA-89-1654, 1989.

1

w

1

S



312 LHD 2011 FJ% H 722 RiFish 4

THE FRICTION DRAG PREDICTIONS OF HYPERSONIC AIRCRAFT

CHEN Wenlong, ZHANG Chen—-an, HAN Hangiao, WANG Famin

( State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190,
China)

Abstract Surface friction drag is considered as an important factor on hypersonic aircraft performances.
Many researches showed that the friction drag played an important part of the total drag in hypersonic flight.
With of CFD technology, the friction drag of different hypersonic aircrafts at different flight conditions was
studied. In the case of high Mach number and high-altitude, friction drag and wave drag had reached the
same magnitude. Accurate estimate of friction drag is very important part, when we predict aerodynamic
and aerothermal performances.

Key words hypersonic aircraft, friction drag , CFD technology



