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Multi-node statics model and aerodynamic characteristics

of cross parachute clusters

HAN Ya-hui"?, YANG Chun—xin', XU Xiao-dong®

(1. School of Aeronautic Science and Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Mechanical Engineering Department,
Army Aviation Institute, Beijing 100123, China;
3. First Research Room,

Institute of Aerial Equipment, Beijing 100039, China)

Abstract: To calculate clusters’ aerodynamic characteristics for a certain type of disaster
relief airdrop system, multi-node statics model of cross parachute system was developed to
calculate the aerodynamic shape of canopy. Different cross parachute models were numeri-
cally simulated with different canopy arm ratios and suspension line ratios, and the numeri-
cal results were compared with test results in literature. According to this model, and aero-
dynamic shape was obtained for cross parachute clusters, and aerodynamic characteristics
were simulated. The results show that: the calculated results and wind tunnel test results
in literature are in good agreement, and the multi-node statics model is accurate and feasi-

ble. As canopy arm ratio and suspension line ratio of cross parachute increase, the axial
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force increases; as the angle of attack increases, the axial force firstly decreases and then in-
creases, whereas the normal force increases. This model can be used for calculating aerody-

namic shape of parachute clusters, which is also useful for parachute system design.

Key words: cross parachute; clusters; multi-node statics model;

aerodynamic characteristics; numerical simulation

’ Ren—
) . der
~ DS].
(1]
. . . . ; [4]
-
s [3] 1
[16-17]
( .
) ,
1.1
A, R,
A L w |
, [5 4] ’ )
A . '
m%/(mz . S)iﬂ.
1) ,
Jorgensen ,
; 2
Lo, Shen )
0.67,1.33,2, 2.4,3.0,4.0 ’ ’
. 3
0,3.97,7.02(m*/(m?* » s)) 27 )
) 1.2
L4801 10 , , 1
. Lafarge ( ) )
(CFD) ; )
[0l Stein Leonard ;
(FSD ,
, 1
[11-14] ,



744 27
’ L1 — X Yir1 T Vi !
n; — [ :| (6)
L 2 9 G,' lz+l lz+l
Fi’l ’ Fz,l - %AP1 * W . (lz—l + Zi+1> *n (7)
.F,:,F,; i 11 si 1t1

Fig.1 Multi-node model of cross parachute
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F, = ?puz C.So 14 Table 1 Calculation and test results comparison
a=0°,u=10m/s
c. .C, s, ‘ )
A=L/W R.=1/L o /%
2.4 1.33 0. 803 0. 83 3.2
3.0 0.67 0.812 0. 81 0. 27
3.0 1.33 0.918 0.91 0. 88
3.0 2.00 0.967 0.96 0.78
4.0 1.33 0.965 0.92 4.6
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Fig. 3 Forces of cross parachute
X
3
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Fig. 4 Cross parachute canopy surface mesh
(A=4.0, R,=1.33)
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Fig. 6 Downstream around cross canopy on

X=0mm section with angle of attack
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Fig. 7 Aerodynamics characteristics of cross parachute

versus angle of attack
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