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Fluid-structure interaction characteristics analysis

of vortex ring parachute

MA Xiaodong, GUO Rui, LIU Rongzhong, LYU Shengtao
(National Defense Key Discipline Laboratory of Smart Ammunition Technology,

Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; Based on arbitrary Lagrange-Euler fluid-structure interaction method, the inflation process of a typical kind of vortex ring parachute

in an infinite mass situation was simulated. The inflation process and the time-history changing curves of spinning rate and opening load were

obtained, and the fluid-structure interaction characteristics at the steady stage, such as the change law of flow field around the canopy and the

structural strength of the canopy fabrics, were analyzed. Results show that the stable spinning rate is about 3. 11/s and the canopy inflated shape is

plump with the flow velocity of 12m/s, which are in good agreement with the tower test data. In steady state, there are a plenty of vortex cores

above the parachute, and the ligature of the cores is similar to a spiral line. The drag coefficient of vortex ring parachute is greater than that of other

typical parachutes with axial symmetry structure. The stress of the connected region of the canopy and the suspension lines and the canopy fringing

field are obviously greater than the average stress of the canopy.
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AT A — T DL S B 5 A . Ak
) e U , (AR A IR IR R S W e R AE T
FERT A RAF R . o, B A &
BOR TS sh /N 2 3 SE0 s, T 2z T
e LRI E N r I IN R =3 /5 BT B o ey 1 2y
B UK A THE 0 % 4 RIS AR DL R AR 25 1R 45
I AN i A4
R A ) 7 St RS A R v e B A By
B, [ s g e A A g B 2%, b o R T [ R
R 1) AT 45 4 2l g 2 25 pe Y ﬂ{lﬁlﬁt—@mm
W RETE A e A R I R T B (H AR &K
JEA A LRI 0 H5aR 20 4 ] 0 o) 24 2 F 9 I 0 A

« YT HER.2014 -06 -24

TR 05 FL AR PP AN R0 14 & B IR i )
R —FE T R, SCk(4 -5 R AMEE DA%
B H — BR$7 ( Arbitrary Lagrange — Euler, ALE) J7
PR 1 R A XT - 11 By < i T < it
2, iﬁ‘Xﬂ%ﬁﬂﬁ’k—F?ﬁ%Lﬁ?%iﬁ}?ﬁ RIZEI ALK
SERAPE IEAT e Ao SCHRL 6 ] R R A ik
( 1mmersed boundary method ) fR41 = 4E4E TR (75 <>
TEAREAR TR B OO T RO IT 1 00 o SCHRL 7 1A
FHUE AT R B 3 (front tracking method ) BF5E T Gl11
BRI A 78 o R sl AT o RN — 2805
NG X BV < 1 S S kAT TR
B 38 G AR © A IS 22 5 TE T HlOe FR i) ~F- T 2]

E£TH: ERK A KRR B E (11102088) ; LA IF5E A B 3= QUF R % Bh 35T A (CXLX12 -0210)
EEB N B4 (1988—) , I3, BRI 5 i A, - W5EE , E-mail ; bqnj6222007@ 126. com;
WY GRGEE) B, B8, 1 B4 200, E-mail : guoruid@ 163. com



o1 4] hHEA, 55 IR PR ERE i AR S RSP AT "85

T BUHE IR S5V <, 0 e &% Ko v < 0 HLORE i B
A A THAR

1 #egE

SRIH ALE J7 o X B 10 F 43 B
FRRBIBA H 5. ALE 0o 2 01 4
KA

v,
9 — —pfl—wi dp
ot 0x; 0x;
v, doy v,
— = : + b — .71 1
o~ ax, PP gy (D

@—a-%+ bv—w@
Pror = %ige, TP TP gy

X p WG EE 50, I BUESE s b, o Bz A
BT E NRE R, IR AR R 50, g HHXS T,
w; = v, =], v, K A HE 0 j‘jHTJ‘I‘ETJ;O—ij = - po; +
p(w, ;+; ) ARk, oo p 1,0 3 )
*EE,&J-?? Kronecker § — PR%Y .
P B B RIS AL bR ] B 56 2R ok
af(X;,t) :af(xi,t) o af(x;,t)

at ot o, (2)
SR X, R B H AR S R B AR I — A
/E%O
EhA IR ATIE C g PR
d*u, }
P dtzl - EZU *tp.b; (3)

A cu, SNBSS SRS s, HEEHEE

X bRy A AT R A, R L
25T IR I )3 38 A TSR g, v 25 40 R TR
G W 151 7 e 1 ST 1 DG s e 770 S A
RS T, o B AL R K (4) sl (5)
HoE

w'=u"""?+At-M" - (F, +F,) (4)

P N T (5)

Ao Fl w535 R R AN A5 A BT A
PiRE R A R &5 F NN ) R 8, F o AT
Kig, e E RIS AR OCER My i
X A HLRE o

XFEIMSEN S RS, ST -
IS T L 3 A ) L Sy B S

dp

dap _ 2
dzn—a(e‘,u)vn+b(8,p)v" (6)
Fnzi—p-hxs (7)

Aefrz, 2 8 CF 0 ) A A 0, 3
TR I R 0 SR RAL, 5B o A

A NBHERE 5 & M p 47K h N
JE S N a B TR I .

F, AR AN F ) —FB 0, i 5 | 2 454
ARSI AL
2 (hE&ER

B 1 (a) i PR A i) J LA AR Y, 52y 4
Fr A A A1 33 ARAS A B g 4. B 1(b)
Oy HAP i R IT]  ApAC R D - i A -E 30T
Sp A 22 1) 5 Al oL X AR

(a) Z5H R E
(a) Structure diagram
B e <pon

Fig. 1  Configuration of vortex ring rotating parachute
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