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ABSTRACT 

For the past few years, the simulation of multi-physics coupling computation had been used 
widely in aerospace engineering to reduce development cost and time. In this study, we numerically 
investigate the dynamic inflation process of T-10R parachute under the condition of subsonic flow 
in a wind tunnel and free-fall by using the Arbitrary-Lagrangian-Eulerian (ALE) method through the 
commercial package, LS-DYNA. Many discussions are made based on the simulation results of 
canopy shape, the fluid-structure interaction (FSI) of a parachute and the surrounding air flow and 
the evolution of projection area.  
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2.2  

T-10R
(

3 ) 4 T-10R

1

 

 
3. T-10R  

 

 
(a)     (b)   

4. T-10R  

1. T-10R  

 (Dn) (m) 7.3 

( ) 24 

(L) (m) 6 

(dn) (m) 0.46 

(he) (m) 3.4 

(we) (m) 0.48 

(de) (m) 0.03 

 

2.3  

T-10R MIL-C-7020III
(Density) 553.77 kg/m3

(Young's modulus) 4.309 x108 Pa
(Shear modulus) 4.0 x107 Poisson’s 
ratio 0.14 0.0001m LS-DYNA

*MAT_FABRIC
MIL-W-5625K 462 kg/m3

7.0x1010 Pa LS-DYNA
*MAT_ CABLE_DISCRETE_BEAM

1.184 kg/m3 (Viscosity 
coefficient) 1.862 x10-5 kg/(m·s) (heat 
capacity ratio, Cp/Cv) 1.4 LS-DYNA

*MAT_Null  

2.4  

Ergun Equation: 

                (1) 

P Vf

K1 K2

: 

                 (2) 

                (3) 

D
(porosity)

( 5 )
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(1)~(3)
(4): 

       a            (4) 

e a b
T-10R

MIL-C-7020 type III
a b 1,599,174 kg/(m2·s) 480,514 kg/m3 

[9]  

 
5. [10] 

2.5  

(1)  

Da 18 ha 21
Z ( 6)

346,968 770,640

(non-reflection boundary condition)
*BOUNDARY_ NON_REFLECTING
T-10R

15,792 Belytschko-Tsay 
membrane model

vi
10 m/s

64 core 
346,968 1 7.1

 

 

6.  

(2)  
Da

18m hd 55.3m
947,068 ( 7)

0.29m 0.22m
0.56m 0.86m 60kg

100kg hp
3.45m
vi 10 m/s 24.5m/s

 

 
7.  

(3)  

31m 20m 37.5m
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976,646

45 8 Vzi
24.5m/s Y

Y Vyi
 

 
8.  

 

3.1  

346,968 770,640
( 9)

346,968 , 
10

10m/s , 

( )

10 ( 11
) 1.616

4.83 kN

0.6 kN ( 11 )
T.W. Knacke (finite mass)

( 12 ) [10]
1.91

13

 

9.  

 
10. T-10R

(vi=10m/s)  

77

      108.11
JOURNAL OF C.C.I.T., VOL.48, NO.2, NOV., 2019



 
11.

 

 
12. (finite mass)

[11] 

 

13.  

3.2  

10m/s 24.5m/s 

14 15 10 m/s
2 31.28m2

24.5 m/s
1.2

16
3.8

8 ( 17)  

 
14. T-10R

 (vi=10 m/s) 

 
15. T-10R

 (vi=24.5 m/s) 
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16.    

(vi=10m/s, t=1.61s) 

 
17.

 

3.3  

2
6~8 ( 18) T-10R
6.7m/s vyi

10m/s 60
6.35m/s

T-10R

( 19 )
T-10R

 

 
18.  

 

19. T-10R (right)
(left). 

(Vyi=10m/s Pw=60kg) 

 

ALE T-10R
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