L 2% Bl 1R

Aeronautical Science & Technology

A= i BE TR I
Ip Al E0

Bz, SRELIE, kit
FAEUTZE TR KF:, 115 1 5E 210016

May 25 2025 Vol. 36 No.5 104-110

P P

>
g}.

H B ENIAEZRARUERN, ELENEANARGEESE T ARG TS HmEAEENNIA, BT 5 EXIT
SHRYWMWIRATEN AXET B E N WAL E(ALE) X C-94#AT T T B EEH F, S h R R 2 T3 #
AR BATT XM, RIETH R ENT M, B, ENTEDBREPELRTE THITSIRE, A LI 50 H A
MR E R, FHEEITT S E NG, e T AWM ARG E N, EAT T¢It $sh fey B milE,
A AR AT B R E T W IR T 4R B

KRR AP REBE; TEBE,; T HiRE

FESZES V244 NEFRRAS A

FEREIE TP B R, T 2R G0 28 SR U i 7 A A 1
FHAEBR R 51 B b A8 VR TP sl 3k . TF< s 22 A
RO A RE I EELFR AR 2 — , 200 A AR g A B bR
Ko Kt PO HAE R, T s B S m A%
VIR AR, I, R SR PR Z IRl 6 2 AT T3 B 3 X
AR, LU W THE G BB AU AR B AT Ak 5
GE SN A E AT RRPE Y 25 k0, Kalro S50 311 1AL B
SEI 25 J7 1 (DSD/SST) W FH TR 7% < R o il , b B
T S ARHBE S 0) AR Ak (1) S AR AR TR IR R R, A 52 4% 8l A8 381
PRI T R Ak R OB T R A g o [ Y
AR e T Ao B B 1 4B, 45 O 7 faf 5
AN KA S, FETRIRE P 7 BT A5 F T, TR v B A 3
S REUR RIS A E T SE S . SR SCHO M i B
WA A 5 2 3BT B —10 T8 s (56 T - 3 8 B T < 5
BERGINTIE R o H TR0 < i G A gl 2 ) 5 e
FERD AT, ULl D g e ST, 2B ST
PR R AR N S

et 7% <= (1 B o Sk 8 1) 2 B < R G AE R T e R v
1 AR BSKIT 25 SR 7, LA 5 Wi 4 A A R e

IRFSEHA: 2024-09-29; BIEEHA: 2024-12-10; RFABHA: 2025-02-17

ESWB: fMasR3E$(20200029052004)

DOI.10.19452/.issn1007-5453.2025.05.013

A B RSN BT RN, R AR R G A B R TS
PRt G o RV < B o e B A o 5 2%
W R 0 A A B s R T AR AT AR T 1y B o
Tt R BGHEATAG S, AR B E AR I 45 2 . Usballdo
AU o PR AR S IR AR 2 A, TR TRV S B
JOTH ) B RIS, B T X0 AR < B T B A AR
FESCHFUUR B 2 )~ BROT IR IEIE T RRETE A 1 N 5 T
AR B, AH 2 R 75 I F e A rp OB I B i 2 —
ARA, R RS i o AU R < B T
BORETT 5805 1L AT TR0 A5 AR R T
AR ARS 1o B o5 R g e BRI S A RGBT
HEAFFE 32 B ST B AR AT AR BT, SR A B
HERB T SRR BN 5T i R O o b
AHOCHIFFY , I HLOG T I g B 55 B hin ot d =2 1) € 3% A
FILF2

PRI, A5 SORE 20 I < e B 55 < s RN B
Jodet 22 (] 0% 25 ) ] P v B X R sl 2 s e L3
S N RS AEAS [ i 55 BT A 0 P PR 2 11 $R it 3
XS

S|FE# L : Chen Jie, Zhang Hongying, Zhang Yuchen. Research on the impact of opening height on parachute dynamic load and added
mass of rescue umbrellas[J].Aeronautical Science & Technology,2025,36(5):104-110. [§7K, K4IZE, KF 2. FRESENMER
FFR5pE SHIIRELTFABTHFR[J ] ESRIF K, 2025,36(5) :104-110.



BRAS 25 JF e BB e T e sl 5 BRI SR Hek 1 535 Wi F

105

1 FRohERITE L SRR IEHE
1.1 HEEXES

FERAE A TT R RR A SR v (i 2548 -
I 9 4% (S—ALE) ¥ XJ A < fl 28 S iz sh A7 ik, s-
ALE 216 ALE 351035 |, 2SR A S BRAR A 2540 )
K B T RS R A BB AR T XS AT oK

T ALE #3855 T ks ) H AR BRFIRR AT AL AR AL, 18
SIATAEERS bR R E] S BOR S5 A RU [1]
FHCZ A OC R ALE JrFE

X0 _ Sfxpt)  Of(x,,0)
o ot Wi (1)

P X RS I H ARER i B M AR  x T ABAR , u, 11
w NI IS L . v FR P AR ] u#0R
PR EE o S T AR TR, SIS w=v—u, R,
ALE 35 B0 285 LUR A

(D) i E I R

Op  Ov op

o = Pax, Vo, (2)

KA, p AIARE L, ¢ Ry AT

(2)gh &y Jr

T[] 52 DRI A 42 Tl A A 38 0 [ Ay s T A 4
Tl 5 72 5 AR AR AR PR A o B A A ) A )
& Navier—Stokes J5 #£11 ALE i

ov v,
5 :_(O-ij.j-‘rpbi)_pwiax (3>

U b, KB RAR ST L w, R 17 AR Loy K o,
1271 RS

B o, B

6[/:_p5[j+/u(vi,j+vj,i) (4>
X, p WIS 1 R 1RG0, 0 Kroneckerd PREL .

(3)REE~TH 7

OE OF

ot __(O-ijvi.j+pbivj)_pwj67xj (5)

Kb, v, v 78 B RS E AR RE

IRy A 3 3 A1 15 2 ) R ) R Ol A S HEOR
(16, DRI, A R4 A0 2 25 g 2R 22 i) )R X 8 ik b e B
AFDGT S FBE P AR T 3 PR A P AR T, I A 1l ek At 1)
Yozt . = R b RN, 755K ff ALE Jr B AE
B 1 FRAS B H AR RERS 22 Rks B H 5 R o A
HEERE,
1.2 (pEEREY

A SCHE IO\ 16 SRR < R X4 A L o

TETF AL RGP E AR I U6 78U, 3 Sl hn
T A AR ARG, A7 AT SRE A A IR 1T i
i, ELAESP AT RS R i R o, 46 S R4 DR 1 380 AT, ol L
I BB, A o X B EA R s -
(BRI AR AS B RE A AETE , AR BEA B, 58
SR G A BRSO BEBUICRI IR I T 5 ()R ML
(1 = AR 12 =4k (3D) BN AT 1 /R

B N6 SRR A = LA 5]
Fig.1 3D model of the eight-panel canopy lifeline parachute
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Fig.2 Flow field mesh diagram
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Fig.4 Deployment of parachute and load movement with

changes in altitude
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Table 1 Results related to the parachute deployment

process at different altitudes
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Fig.6 Geometric model of canopy at the moment of maximum

dynamic load at 2000m
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Research on the Impact of Opening Height on Parachute Dynamic Load and
Added Mass of Rescue Umbrellas

Chen Jie, Zhang Hongying, Zhang Yuchen

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China

Abstract: A large number of airdrop experimental data from both domestic and international sources indicate that the
opening dynamic load of compact fabric circular parachutes, such as the eight-panel canopy parachute and C—-9
parachute, is closely related to the opening altitude. Currently, methods for studying the parachute opening process
through fluid-structure interaction (FSI) are quite common. However, research on the influence of opening altitude on
the opening dynamic load is not very deep. This paper conducts a numerical simulation of the opening process of the
C-9 parachute using the Arbitrary Lagrangian-Eulerian (ALE) method, and compares the simulated opening dynamic
load with experimental data to verify the reliability of the simulation method. Furthermore, by studying the opening
process of the eight-panel canopy parachute at different altitudes, the paper analyzes the opening dynamic load and
added mass, clarifying the mechanism of how opening altitude affects the opening dynamic load and whether the
added mass has a significant impact on the dynamic load. The conclusions from the simulation show that as the
opening altitude increases, the opening dynamic load increases while the added mass decreases, providing
theoretical support for the design of load limits for parachutes at different altitudes.

Key Words: lifesaving parachute; fluid-structure interaction; opening height; opening load; added mass
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