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THE DESIGN METHOD RESEARCH FOR THE POSITION OF HIGH PRESSURE
CAPTURING WING Y
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Abstract The high pressure capturing wing configuration is a novel conceptual form which improves lift and lift-to-
drag ratios by the coupling relationship between the body and HCW. Based on the deign principle, the HCW position is
determined by body compression shock and its own compression shock, while it is hard to obtain directly using theory.
In order to solve this problem, this paper developed a kind of effective method to design the position of capturing wing.
The method is based on the analysis of parameters which determine the position of capturing wing, combined with the
uniform experimental design method, the computational fluid dynamics analysis and surrogate model building to obtain
the relationship between the position of capturing wing and the design parameters. The results from the validation cas
of cone body combination with capturing wing showed that this method can determine the optimal position of capturing
wing in a large design space. In addition, cone compression angle, free field Mach number and blunted radius of capturin
wing are the key parameters affecting the position of capturing wing for the cone combination capturing wing. The results
from the analysis of surrogate model showed that the position of capturing wing is in monotonic proportional relationship
among the above three parameters.
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Fig.3 Flowchart of the design method for HCW position
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Table 1 Results of grid convergence analysis

Number AN (o
1 dx 102 0.0090
2 dx 1073 0.0178
3 dx 10 0.0176
4 dx 105 0.0176
5 dx10°® 0.0176

2 HEERELBEIEXT
Table 2 Comparison of numerical results and

experimental data

a/(°) Cq (CFD) Cqy (experimental)
5 0.0176 0.0170
10 0.0575 0.0570

3 HCW s Ei&it A R

g B AE B VA R, 31X 5L CLRHE TE M LAA
ZH A il 3R T ) R R A B AT U SRS G, TE A R
e YR B
3.1 B HCW LB B9 E20m

TETCFEAAMEN, WUAESR % Sy vl L EHETE it

T-M Jy R b AR S CAT A N, RS St
ERN K25 AT ST RAME, T 5 8ok
LRI RASAE, T fe 3B B R AR SR, R
I W R RO R e, 3 HLRE T B A
T T A S RIS X ), T o AT &G
PEXT HCW BETTV & [R50

HUAE I am, 2E4HEf0 9 IOHEMR, 5k
IEHRECH 7. 50 5K R v A, HCw
T BRI TR . B 5 AR
ZAEFWE 040, B0 b WA, K
AR T X = 3m Al X = 3.95 m V-1 b iy B s
A HhLR, Wikl 6 fros. W ATLLE H, A% 8%
PERON G, T 2 TR B RS, LA R 4 e A
Fili 3R T 8 S0 AERE T K ST T ) A 304 /N 3
I AR S e Y 5 RS o] LU HY 0
B4 10mm LY, ST HCW {7 & (1 35 i
AEOI IS, PRI, 23— Fa 250 o 8l 42 5 i v DL 2200

K 5 it R 1 2 A1
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Fig.6 Variations of pressure witti value at cross sectiod = 3m and

X = 3.95m (continued)
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Table 3 Design parameters and design space

Variables Lower bound Upper bound
H 0.1051 0.2126
M 3 9
Rrcw 0.0005 0.005
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Table 4 Table of uniform design of experiment and

corresponding values of,cw

Number H M Rucw Xucw
1 0.1086 4.4 0.004 25 0.8125
2 0.1157 6 0.003 65 0.8625
3 0.1228 7.6 0.003 05 0.9
4 0.1299 3.2 0.002 45 0.7375
5 0.1370 4.8 0.00185 0.825
6 0.1441 6.4 0.00125 0.85
7 0.1512 8 0.000 65 0.8625
8 0.1584 3.6 0.004 55 0.8
9 0.1655 5.2 0.00395 0.8625
10 0.1727 6.8 0.00335 0.9
11 0.1799 8.4 0.002 75 0.925
12 0.1871 4 0.00215 0.8
13 0.1944 5.6 0.00155 0.85
14 0.2016 7.2 0.000 95 0.875
15 0.2089 8.8 0.004 85 0.95
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Fig.12 The training fitting precision for polynomial model
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Table 5 TheXycw value computed by agent model

corresponding to the test points

Number H M Rrcw Xucw
1 0.1127 6 0.0034 0.8625
2 0.1279 3.429 0.0021 0.75
3 0.1431 6.857 0.0008 0.85
4 0.1584 4.286 0.0040 0.825
5 0.1738 7.714 0.0028 0.9125
6 0.1892 5.143 0.0015 0.8325
7 0.2047 8.571 0.0047 0.945

P 13 PRFEA L s ) 23 A 2 ]

Fig.13 The pressure distribution of test points
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