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Figure 1 The drag correlation of X-15 wind-tunnel test data [17].

8 10 20 40

60 100 x 10°

124705-4



LM hERRE Y Y ROC¥

20154E F45F H12 M

X T3 FORGI S 56 4 B AT S5 A I SR,
PR T AR R S B M, X BLRGR
S,Re;
(P /p) "
Ty A — B T R T RIS e S AR AT R R
HOHE AR R v, B
(97 4wet ) Fir -C
(97 Gret Iy
BT B ME R BTT i, SEEHUR WL A
FH XA 55 56 B 0 32047 RAT 26 A T Bl I PP Al 1 i Y
ZFH. AERUR EHLI R d R e, SR T TR SRR A,
N, B KR S5 2 AR AT TR, RS
THE RS RAE L EGRIFB IE 7, R EEIER
THT AT &AM NS TR 45 R A
e PO BOR B AN AR R, ATFRERRT
v XY S B AR A 5% AR N SR I O VA AT A
W SCANRE i & ZRAR 2D, AT SE ) R < 36 # 4 5
EHBRZ, AR AKIN T I 5w R A
RIRGGEERN R, 53— J71H, BT i A xR
S AU RE 74 TH R R R R AR I IR, R
15 S R HO B v RO [, | FAd IR 3h 2 80 2= 1,
7] fi A7 ok S 06 B AN AT EL M, A 3R A5 S0 KL
P R A A E. E AT, ek s XU S 56 A4t
FRIBCAIE 7 5 FE AR T AN K AT 58 O AH 50 2 2O AH S0 1k
BB, IR BRI G T 420 56 M 1 S 1K o 5032k LR
REEENIG. KT RN, Wi 7 AL T
T 0] L P — S8 5 3R, (EL S X 6 7 3k ) i o A ) R A
WIE IR, BB, R St 10 s 7 el XU S 56 4
o AH G FAR AN SCIR T V5, 4 v XU S 3 35040 w4
A EE P A 20— B — A [ PR v 2R A L

3 RURISEIE##E % 4 == B A XTI

X 0 7 G R R KRB AT 1 R, B
O VORI R OSSR T AR O
DLFF AR S8 A i 2R A, BT L U 0 i e XTI
UL R S 05 25 1 T v B A AT RS ) e i
AL T HL B 2 B NI TE) RUBE 5 S 36 A AR
25 b TG 2% ) S tons o T RO HE T R SR T PR A
AN B AR TR AT B K S R
S B AR LU (B e s A R e B k. L, v

i 7 TR AT B /AR S 56 A AH % B AR HIE AL
HIA R, BRI T K5 XU S 56 B4 5% 167 10T Tl
HEZA N, FRIR TR 5 S i 45 R T T4
THHIZSHEME SRR, W AT &
TENBLRIIEA, S0 1 RAT S0 AR A 39,

X AR AT A e A R S e o, 2R
T NG (1 B R B S BRI Ve,
W To, 1571 Po), RNTEENSE(UN Ma 3, Re
H, e, PR, BEEEAESE)RE, MR 2 [ #RAEAE
AR L 22 57, T0 HL S a6 A 2R 1 446 Bt AN S AT ).
TSR AT e, AR T — A%
P M, BETTEESLRIRR R, PRI R R S
PR A A AT 58 50K B 7 T Y 22 2 AN AL DN AT
XL R AU T RAT AR BT, R T AT
PRI R BN FN. 7R 20 40 60 SFACF I, SEE P4
FHIT B 52 i A R AR ATT 75 1 RS2 56 ¥ 4% B 7T LA
TE B2 TRAT I L AR A R0 85 ) AR, AT
F B HEE H T E 2 BRI AR, IF A AR
ZURPAEWI B 5 SRAT & RAF. (H2K 2 RIM =
MR, 1 HAFLE SR . D
RNWTFCR BT B2 ) 1) DR R A AT ) 220 o
R SAVFIVE N S PV N/ BLY  RICHIE R SN UEY/B R S
BRI 25 1S5 2ot oAl A Ao SR k- B
FE ST A L T S 6 8 T RS R AL A e R A AL B
Theory, data for
one group

— I

3000 ---..-. o Theory, data for l
second group

2000
F(§)
1000
0
20 26 32 38
Velocity (kft/s)
B2 BHIBEE CITEG T THRE LaifsmELe!

Figure 2 The stagnation-point heat-transfer correlations at superor-
bital speeds [1].
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Figure 3 (Color online) The sketch of data-driven correlation
algorithm of multi-dimensional interrelation theory based on global
optimization.
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Figure 5 (Color online) The function distribution of functional optimization with different precisions. (a) Test results of its inversion ability
with a single parameter; (b) test results of its inversion ability with two parameters.
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Figure 6 (Color online) A test example of smooth functions with 20

supporting points. The red curve indicates the target function, and the
blue one representatives an obtained correlation function.
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with 20 supporting points. The red curve indicates the target function,
and the blue one representatives an obtained correlation function.
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tatives an obtained correlation function.
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Table 1 Prediction errors of the proposed correlation method for
the problems with different number of extremes by different number
of experiment points in 7 dimensional space

ST e fh 5
1 2 5 10
10 0.0752 0.121 0.124 0.125
20 0.0429 0.0895 0.108 0.109
50 0.0222 0.0541 0.0877 0.0978
100 0.0192 0.0427 0.0603 0.0688
200 0.0158 0.0304 0.0492 0.0528
500 0.0111 0.0224 0.0311 0.0353
1000 0.00735 0.0158 0.0248 0.0279
2000 0.00407 0.0113 0.02 0.0227
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Figure 9 (Color online) The drag-coefficient correlation results of the aircraft JF-F. (a) Comparison of the predictions and observations of the
third wind tunnel with the second one; (b) comparison of the predictions and observations of the third wind tunnel with the first and second one.
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Figure 10 (Color online) The correlation results of the aircraft JF-F.

The prediction of drag coefficient at M 2.5 by the data of M: 0.6-2.0

(with 0 angle of attack).
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Multi-dimensional interrelation theory for hypersonic
wind-tunnel experimental data and its correlation algorithm

JIANG ZongLin", LUO ChangTong, HU ZongMin & LIU YunFeng

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190,
China

The progress on the ground to flight data correlation of aerodynamic forces and heat transfer for hypersonic vehicles
is reviewed in this paper. The research approach and its limitation of the existing correlation methods are examined
and discussed. In order to improve the performance of the data correlation, a new universal method so called the
multi-dimensioanl interrelation theory, is proposed from which the nature of the wind-tunnel experimental data is
revealed. Based on this theory, a correlation algorithm based on functional optimization is also developed to detect
the inherent relations that, underly the multi-dimensional wind-tunnel experimental data. The practicability of the
multi-dimensional interrelation theory, the capability of the proposed correlation algorithm and the accuracy of the
obtained correlation fanctions are then examined and demonstrated respectively, with several typical test cases. These
research results indicate that the multi-dimensional interrelation theory agrees well with physical phenomena, and its
correlation algorithm can make use of hypersonic wind-tunnel experimental data effectively and the correlation
function is capable of representing the underlying law of the experimental data in an analytical form. With the
proposed theory and algorithm, one can expect to find a reliable correlation function with high accuracy for a given
set of wind-tunnel experimental data. And such the progress on the ground to flight data correlation is of significant
importance for developing advanced hypersonic vehicles.

hypersonic flow, wind tunnel experiment, multi-dimensional interrelation theory, functional optimization
correlation algorithm, aerodynamic force, aerodynamic heat transfer
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