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Abstract

During the process of parachute inflation, the canopy undergoes significant changes in shape and
volume, which greatly affects its aerodynamic performance and makes it difficult to determine the
parachute added mass and its rate of change. In this paper, we use simulation data from one pa-
rachute inflation to obtain the laws governing the change in projected area, drag area, and volume
during the inflation process. We then use several common engineering calculation methods to de-
termine the parachute added mass. Finally, we use a forebody-parachute system dynamics analy-
sis model to study the effects of added mass and its rate of change on the parachute opening load.
Our results show that the method used to calculate added mass has a significant impact on the
analysis of parachute opening load, with the method based on canopy volume being more suitable
than that based on canopy drag area. The main sources of parachute opening load are the reaction
forces resulting from added mass changes and canopy drag, and the peak time of parachute open-
ing load is generally the same as the peak time of added mass change rate. These findings provide
areference for analyzing the factors that influence parachute opening load in engineering.
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Figure 1. Plane dynamics analysis model of forebody-parachute system
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Table 1. Engineering calculation methods of parachute added mass
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Figure 2. Parachute gore structure
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Figure 3. Simulation model: (a) Parachute model; (b) Fluid model
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Figure 4. Comparison of parachute reefed canopy shape: (a) Reefed ca
nopy shape in simulation; (b) Reefed canopy shape in wind tunnel test
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Figure 5. Curves of canopy projected area and volume in simulation: (a) Canopy projection area curve; (b) Canopy volume
curve
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Figure 7. Dimensionless inflation time curves of parachute added mass and change rate: (a) Curve of added mass with T; (b)

Curve of added mass change rate with T
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Table 5. Peak value and dimensionless time of added mass change rates
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Figure 9. Decomposition of opening loads: (a) Method 1; (b) Method 2; (c) Method 3
E 9. AEHENE: (@ HEL; (b) BE2; () B3

MR 9, EARDABH I KNS5 I 3T R/ B, (E 2 P I ST AR A 51 36 ) S A 008 I 4
o th R AR @S A PEVER . 45648 5 5 6, WLUR I MIn i &AL R IGE Rt /s, JF
AT VAR e B2 B AR AR R AR A, 2 B B N Joi Be A T  A Jp 2 JCUB A /NS P < T T < iy 3 A
HER AT B
d
%Tﬁ*i%ﬁ@9¢%%§%%ﬂ%,m%7%%,%ﬁ¢ﬁﬁﬁ~wmkiﬁﬁ$2:
dm;

m e fEL IS
[AIARH T, 5 A VEAE IR 18] A TRI PR, 2 B BRIN 5T A 1A 24t e S 0 T < 2 U {1 S LIS 221 F) B 82

L R

BH77 qA U (B HEAT 1 xFEE . Herb, TR afiqar O ACR BLAF 1T 125 3 A Py JEAELINS [ 5

DOI: 10.12677/jast.2023.112007 55 B Rt N


https://doi.org/10.12677/jast.2023.112007

XEE 55

=K.
Fsh, BT HIIEL 5T 3 1)

dm;,

dt

dm;,
dt

e LIS TR 24 5 L Py DRI [R] AR 53, 45535 5 5 151 9(a) R W]

JiiE 1 EORH) e 1 L e By PN 5 SR AR K 2 IR AL TRJ I3 7 R ik 2 5759 3 R, R

m

dm;, d
dt

&%%dt@ﬁ%ﬁ%ZﬁﬁﬁﬁﬁW%%ﬁﬁmfﬁﬁﬁ,E%WE9%%,Mﬁ
AL ] P 22 P FEAR PR 7 < <pe B 1 — AT R A

L5 gA [l

m
Table 7. Comparison of peak times between F, !

and gA

dm R
#=7.Fo dt‘ F1 gA BUE{ERTE) X EE
N dm N . \ .
s F V1B 1A /s dt‘ WA B 1) /s FHXF Fi I 2£1% qA B IR 8] /s HIXT Fy 2%
i1 0.4740 0.4795 1.16 0.5320 12.24
T2 0.4680 0.3965 -15.28 0.5460 16.67
k3 0.4690 0.4640 —1.07 0.5435 15.88

R, MR LR ARG WA 552 /1R R T7H, ATULNE 7 J59% 3 It A /iy 5 ML
(RITE AR B AR «

1) (RN REVE DRI 2, o TR G A 2 BRI ZAW P 82 TR I I, - — 9k 1] P9 B ) 17 <A< 14
TARKIERE PR 5 <R A AR AR A s DR 5 1) B o o 2 F 084 o s B2 BV By m o7 A2 A A R el IR AE AR
FEI L 1T B A 5

2) TR AATNE, VPRSI GSSER, fE0RTHE AL, SBREHN
PSR RS HE INAEAT A B AT T ARG K, (B 78 88 I i A B2 R, AR 78U R T BOR I FH
TV RGE B R SEAE AW T, PRGBS RS, AR e 10 P £ AR T8 S T A

3) AN EAR L ARIA B T, L 51 A S A BT I R B AR DY, BRARAE I FE i B
BRI LTS SRAESE N, (H R AR CLIRAN R 12K, S ULsEma T -3 B, JEn T = F2m, HE
B AR 5 A A AR W I (] 7430

6. &g

ARSI B 05 07 s, T B i e R IT IR, AP RAT 1 BV e e U TR L AR
JIHARARAC KR, AR A S s < T LR BRI B e TR TS0 i, (s 1 R R L e i T
B o B0 Bk v <o F<pe iy AU SEEL, JRAG HH PR 458

1) PInBRE TRE T ST 0 BEVE <= BT e 3T o T A B R, SR 2 T R AR AR 5 v 1
FLFEVE RO P b A, H RV R B R R G AR AR T K, B KT e
TN RBOW 1 ARG B HrRs B s[RI, SRS R R BCE R BCE ([ 1 ] UG 2 ELAEAVEE Y
IMTEE R

2) AAKBH 75 B 0ot AR A 51 A2 I B AR FH 7752 B < <t (14 32 ORI, TR 0 Bk e < T - i
KR, =& L 2:1, DRI 20 A Bak v LS AP BE AR 1 2 e UMk BE IR A R 20 me% B o i 2t Sk R B

DOI: 10.12677/jast.2023.112007 56 B Rt N


https://doi.org/10.12677/jast.2023.112007

KR &%

3) BN o A A A SO T < Ay W B K/ B VAL H BN 220 P SR B PR 3, < iy e LI (1] — e £

BEIR B AR AR I I (] 2 Je, H = R k.

E&WMAE
RAT AR B ] 5 AR Ay O R T NS B A T S B0 s R OA A % B (KLAECLS-E-202004) .
SEEk
[1] @&, 3R P ERURES EWCE R HR 60 4 pust 5 R[], i Rik [ 518K, 2018, 39(4): 70-78.
[2] RE—. WEIIF(T) ML JER JERURF H R, 1983: 154-166.
[8] Bi4EW], E3CHE, XUTIM, . BT s 14 B TT I BT AL [D]. 3R, 2023, 29(1): 36-42.

(4]
(5]
(6]
(7]
(8]

(9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]

[23]

INELL, PVE, EMNGE, S5 BTN RS ) R BUE IETVED]. M AR UR RSEaE Rk, 2021, 53(2):
167-176.

Taylor, A. and Erin, M. (2005) The DCLDYN Parachute Inflation and Trajectory Analysis Tool. 18th AIAA Aerody-
namic Decelerator Systems Technology Conference and Seminar, Munich, 23-26 May 2005, 1624.
https://doi.org/10.2514/6.2005-1624

BERTTT . W RGN 2SN 71240 B 5 0 HT[D]: [ 254608 50]. Kb B AR 2R R K2, 2005.

FEEEL ARG AR TESN S 07 EF AL [D]: [ 165, B At BRI A R K2, 2021,

TR, BRI SR AIM]. bR o E A H R, 1997: 35-39.

HEA, BRTEDBE IR BTSR[], MKIR B 518 K, 2016, 37(2): 42-50.

%ifﬁ, T8, S APRIRMERT BBEIE DTSRI SRR [J]. TE AR IR (E AR ERR), 2023, 63(3):

Cheng, H., Yu, L., Rong, W., et al. (2012) A Numerical Study of Parachute Inflation Based on a Mixed Method. Avia-
tion, 16, 115-123. https://doi.org/10.3846/16487788.2012.753676

Yu, L., Cheng, H., Zhan, Y.N., et al. (2014) Study of Parachute Inflation Process Using Fluid-Structure Interaction
Method. Chinese Journal of Aeronautics, 27, 272-279. https://doi.org/10.1016/j.cja.2014.02.021

B, BB, BEMENS, 2. Um0 IR i RE R (0], MAS 223, 2023, 44(5): 176-186.

IR, #EWE, TN YR8 RIS [I]. MR [El 5, 2008, 29(3): 38-44.

RAR. MRS ECE R BORIM]. Ab5: o B 524 i, 2019: 139-143.

Usbaldo, F., James, D. and Morris, A. (2011) Proposed Framework for Determining Added Mass of Orion Drogue Pa-
rachutes. 21st AIAA Aerodynamic Decelerator Systems Technology Conference and Seminar, Dublin, 23-26 May 2011,
2546.

[3:] EGIJLIH, TW.4H5e, HW.EE el tl. RSttt 4R m[M]. ROREs, &5, 3. dbat: i Tl Hifit, 1988:
327.

Heinrich, H.G. and Saari, D.P. (1978) Parachute Opening Shock Calculations with Experimentally Established Input
Functions. Journal of Aircraft, 15, 100-105. https://doi.org/10.2514/3.58321

Eric, R. (2017) Isolating Added Mass Load Components of CPAS Main Clusters. 24th AIAA Aerodynamic Decelerator
Systems Technology Conference, Denver, 5-9 June 2017, 3232.

Mohamed, E., Kenneth, J.D. and Hamid, J. (2013) Added Mass of a Model Round Parachute Canopy during Inflation.
AIAA Aerodynamic Decelerator Systems (ADS) Conference, Daytona Beach, 25-28 March 2013, 1321.

Brook, K. (2009) Parachute Drag Area Using Added Mass as Related to Canopy Geometry. 20th AIAA Aerodynamic
Decelerator Systems Technology Conference and Seminar, Seattle, 4-7 May 2009, 2942.

Eric, R. (2017) Photographic Volume Estimation of CPAS Main Parachutes. 24th AIAA Aerodynamic Decelerator
Systems Technology Conference, Denver, 5-9 June 2017, 3229.

SRS, K& T A2 FU[D]: [ A5, Kb EPIRAEOR R, 2012,

DOI: 10.12677/jast.2023.112007 57 FE] B i 2 g R AL


https://doi.org/10.12677/jast.2023.112007
https://doi.org/10.2514/6.2005-1624
https://doi.org/10.3846/16487788.2012.753676
https://doi.org/10.1016/j.cja.2014.02.021
https://doi.org/10.2514/3.58321

	降落伞附加质量对开伞载荷的影响研究
	摘  要
	关键词
	Study on the Influence of Added Mass on Parachute Opening Load
	Abstract
	Keywords
	1. 引言
	2. 物伞系统动力学模型分析
	3. 降落伞附加质量计算方法
	3.1. 基于阻力面积的计算方法
	3.2. 基于体积的计算方法
	3.3. 基于椭球体势流理论的计算方法
	3.4. 附加质量工程计算方法

	4. 降落伞充气过程数值仿真
	4.1. 仿真模型
	4.2. 仿真结果及数据处理

	5. 附加质量对降落伞开伞载荷的影响
	5.1. 附加质量及其变化率
	5.2. 开伞载荷计算
	5.3. 附加质量对开伞载荷的影响分析

	6. 结论
	基金项目
	参考文献

