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Abstract With the increasing demand for aerospace recovery system applications, the recovery mass is
increasing, the requirement of parafoil area is becoming increasingly high, and oversize parafoils are paid more
and more attention. However, there is not enough research on oversize parafoil at home and abroad. This paper
intends to establish the physical model of oversize modular parafoil and oversize continuous parafoil. Based on
the k-epsilon turbulence model, the CFD method is deployed to calculate the acrodynamic features of continuous

parafoil and modular parafoil under the conditions of no pull-down, single side pull-down and double side pull-
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down respectively. Results show that there is obviously air supplement in the modular parafoil, which can
improve the flow separation, and increase the stall angle of attack. Therefore, the oversize modular parafoil are
more suitable for the flight mission with high attack angle and have a wider range of applications. This paper can
provide some reference for the selection of oversize parafoils in the future.

Keywords parafoil; oversize parafoil; modular parafoil; aerodynamic characteristics; Computational Fluid
Dynamics (CFD)
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Tab.l Dimension parameter table of oversize parafoil
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Fig.3 Internal rigid structure of the wind tunnel Fig4 Photos of the parafoil model during the wind
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Tab.2 Grid independence verification
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Fig.14 Comparison of two-dimensional flow field of two parafoil with double side pull-down
FOTRH LI/ TS EPRTHH I ESAAR, mRTH LA 00~4°Z 8] fERBUAT, —F
FEREAMIR)N o 00 PRSI S R MR A S L AHIR], SISO K.



76 it XK &R Bl 5 & & 2024 45 45 %

4 g

AR SO R I S A AR R A & A T BT, s PEREEE X LG, 1SR F 458

1) LSS A, AAEAERREAT RN, (HRAE RIS, WM TEP1 R
SYETEOL, A T et B AT s

2) fF a=16°0}, HLARC LM B, 7 LRI T AR A<l TR,
SR BHARCRIRGE , 7E a=16°FF R BB BN, BA R4, HILA A3 TS A KIA R K
IR

3) RPiAel it A e SRR X ANTE, AL A DR A AL BT 0 TR SR, AR IX 80 A
FEAS B R

4) AEDZ M TR E/N, B ERETE, 7 a=12°Z i &AM RS o

S E Ak (References)

[1] SMITH J, BENNETT T, FOX R. Development of the NASA X-38 Parafoil Landing System[EB/OL]. (2012-08-22)[2022-03-
16]. https://arc.aiaa.org/doi/abs/10.2514/6.1999-1730.

[2] GRAF E, LEVEUGLE T, BERTHE P, et al. International Cooperation on X-38 and Crew Return Vehicles (X-38 CRV) for the
International Space Station[C]//8th AIAA International Space Planes and Hypersonic Systems and Technologies Conference
April 27 - 30, 1998, Norfolk, VA, USA. DOI: 10.2514/6.1998-1635.

[3] MADSEN C, SOSTARIC R, CERIMELE C . Flight Perfromance, Aerodynamics, and Simulation Development for the X-38
Parafoil Test Program[C]//17th AIAA Aerodynamic Decelerator Systems Technology Conference and Seminar, May 19-22,
2003, Monterey, California, USA. DOI: 10.2514/6.2003-2108.

[4] STEIN J M, MADSEN C M, STRAHAN A L. An Overview of the Guided Parafoil System Derived from X-38
Experience[C]//18th ATAA Aerodynamic Decelerator Systems Technology Conference and Seminar, May 23-26, 2005,
Munich, Germany. DOI: 10.2514/6.2005-1652.

[5] BENNETT T, FOX R. Design, Development and Flight Testing of the NASA X-38 7500-square-foot Parafoil Recovery Sys-
tem[C]//17th AIAA Aerodynamic Decelerator Systems Technology Conference and Seminar, May 19-22, 2003, Monterey,
California, USA. DOI: 10.2514/6.2003-2107.

[6] MITTAL S, SAXENA P, SINGH A. Computation of Two-dimensional Flows Past Ram-air Parachutes[J]. International Jour-
nal for Numerical Methods in Fluids, 2001, 35(6): 643-667.

[7] BALAIJI R, MITTAL S, RAI A K. Effect of Leading Edge Cut on the Aerodynamics of Ram-air Parachutes[J].
International Journal for Numerical Methods in Fluids, 2005, 47(1): 1-17.

[8] ALEK G, MICHAEL W, MARK C. Parafoil Control Authority with Upper-surface Canopy Spoilers[J]. Journal of Aircraft,
2012, 49(5): 1391-1397.

[9] BERGERON K, SEIDEL J, MCLAUGHLIN T. Wind Tunnel Investigations of Rigid Ram-air Parachute Canopy Configura-
tions[C]//23rd AIAA Aerodynamic Decelerator Systems Technology Conferences and Seminar, Mar 30-Apr 2, 2015, Daytona
Beach, FL, USA. DOI: 10.2514/6.2009-2947.

[10] BERGERON K, SEIDEL J, GHOREYSHI M, et al. Numerical Study of Ram Air Airfoils and Upper Surface Bleed-air Con-
trol[C]//32nd ATAA Applied Aerodynamics Conference, June 16-20, 2014, Atlanta, GA, USA. DOI: 10.2514/6.2014-2832.

[11] BERLAND J C, DUNKER S. Development of a Low Cost 10, 000 lb Capacity Ram-air Parachute, Dragonfly
Program[C]//18th AIAA Aerodynamic Decelerator Systems Technology Conference and Seminar, May 23-26, 2005, Munich,
Germany. [S.1.]: AIAA, 2005: 1-15.

[12] WEGEREEF J W, BENOLOL S. A High-glide Ram-air Parachute for 6 000 kg Payloads, Tested with the Fastwing CL Test-
vehicle: ATAA 2009-2933[R]. [S.L.]: ATAA, 2009.

[13] HUR G B, VALASEK J. System Identification of Powered Parafoil-vehicle from Flight Test Data[C]//AIAA Atmospheric
Flight Mechanics Conference, August 11-14, 2003, Austin, Texas, USA.


https://arc.aiaa.org/doi/abs/10.2514/6.1999-1730
https://arc.aiaa.org/doi/abs/10.2514/6.1999-1730
https://arc.aiaa.org/doi/abs/10.2514/6.1999-1730
https://doi.org/10.2514/6.1998-1635
https://doi.org/10.2514/6.1998-1635
https://doi.org/10.2514/6.1998-1635
https://doi.org/10.2514/6.2003-2108
https://doi.org/10.2514/6.2003-2108
https://doi.org/10.2514/6.2003-2108
https://doi.org/10.2514/6.2005-1652
https://doi.org/10.2514/6.2005-1652
https://doi.org/10.2514/6.2005-1652
https://doi.org/10.2514/6.2003-2107
https://doi.org/10.2514/6.2003-2107
https://doi.org/10.2514/6.2003-2107
https://doi.org/10.1002/1097-0363(20010330)35:6<643::AID-FLD107>3.0.CO;2-M
https://doi.org/10.1002/1097-0363(20010330)35:6<643::AID-FLD107>3.0.CO;2-M
https://doi.org/10.1002/1097-0363(20010330)35:6<643::AID-FLD107>3.0.CO;2-M
https://doi.org/10.1002/fld.779
https://doi.org/10.2514/1.C031685
https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/6.2014-2832
https://doi.org/10.2514/6.2014-2832
https://doi.org/10.2514/6.2014-2832

513 Bk RRAAA LA LR KA &S T A0 A S AT b AT 77

(14]

[15]

[16]

[17]

(21]

(22]

ALTMANN H. Numerical Simulation of Parafoil Aerodynamics and Dynamic Behavior[C]//20th AIAA Aerodynamic Decel-
erator Systems Technology Conference and Seminar, May 4-7, 2009, Seattle, Washington, USA. DOI: 10.2514/6.2009-2947.
FOGELL N, SHERWIN S J, COTTER C J, et al. Fluid-structure Interaction Simulation of the Inflated Shape of Ram-air
Parachutes[C]//Aerodynamic Decelerator Systems Technology Conferences, March 25-28, 2013, Daytona Beach, Florida,
USA. Reston, VA: AIAA, 2013: 746-760.

MOHAMMADI M A, JOHARI H. Computation of Flow over a High-performance Parafoil Canopy[J]. Journal of Aircraft,
2010, 47(4): 1338-1345.

ESLAMBOLCHI A, JOHARI H. Simulation of Flowfield around a Ram-air Personnel Parachute Canopy[J]. Journal of
Aircraft, 2013, 50(5): 1628-1636.

GHOREYSHI M, SEIDEL J, JIRASEK A, et al. Prediction of Aerodynamic Characteristics of a Ram-air Parachute[C]//32nd
AIAA Applied Aerodynamics Conference, June 16-20, 2014, Atlanta, GA, USA. DOI: 10.2514/6.2014-2831.

GHOREYSHI M, BERGERON K, SEIDEL J, et al. Grid Quality and Resolution Effects for Aerodynamic Modeling of
Ram-air Parachutes[J]. Journal of Aircraft, 2016, 53(4): 1-19.

LI Yanhong, WANG Mingjun, HUA Xuexia. Research on Aerodynamic Performance of Ram-air Parafoil’s Trailing Edge De-
flection[C]//Proceedings of the 2nd International Conference on Automatic Control and Information Engineering(ICACIE
2017), Aug 26-28, 2017, Hong Kong, China. New York: Curran Associates, Inc., 2017: 91-94.

FRIR, B, Ay, RBFAHRNIL 2 5l J) BT[], TR A1 5380, 2021, 42(2): 49-58.

WANG Guoqing, TENG Haishan, WANG Qi. Study on the Dynamics of Large Parachute Maneuvering Turns[J]. Spacecraft
Recovery & Remote Sensing, 2021, 42(2): 49-58. (in Chinese)

SR, 1A, 2, A% T ORI n] 5 M SR SE R 5 23 B 7 SRBTHI]. S I SATRE EEOR, 2020(2): 11-15.
ZHANG Tao, XU Qian, LI Dan, et al. Design of Arrow Body Structure and Separation Scheme Based on Controlled Recovery
of Large Wing Parachute[J]. Missile and Space Delivery Technology, 2020(2): 11-15. (in Chinese)

Bl fh, SR, et KB =4S ERE /T[] HUKIR 0] 538K, 2015, 36(3): 1-10.

LU Weiwei, ZHANG Hongying, LIAN Liang. 3D Aerodynamic Analysis of Large Wing Parachutes[J]. Spacecraft
Recovery & Remote Sensing, 2015, 36(3): 1-10. (in Chinese)

LI Chun, TENG Haishan, ZHU Yanhua, et al. Design and Simulation for Large Parafoil Fix Line Object Homing
Algorithm[J]. Journal of Central South University, 2016, 23(9): 2276-2283.

DESABRAIS K J, BERGERON K, NYREN D. Aerodynamic Investigations of a Ram-air Parachute Canopy and an Airdrop
System[C]//23rd AIAA Aerodynamic Decelerator Systems Technology Conference and Seminar, March 30-April 2, 2015,
Daytona Beach, Florida, USA. DOI: 10.2514/6.2015-2145.

EEEN
Bk, F, 1996 44, 2015 AFEPARA KA TR 22 Llb b, BAE R AT s iR R RAT R L Ml BOse A -+

2 RS T 0 LA KB RERFSY . E-mail: duanfeiovo@163.com.

(il PR )


https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/6.2009-2947
https://doi.org/10.2514/1.47363
https://doi.org/10.2514/1.C032169
https://doi.org/10.2514/1.C032169
https://doi.org/10.2514/6.2014-2831
https://doi.org/10.2514/6.2014-2831
https://doi.org/10.2514/6.2014-2831
https://doi.org/10.3969/j.issn.1009-8518.2015.03.001
https://doi.org/10.3969/j.issn.1009-8518.2015.03.001
https://doi.org/10.3969/j.issn.1009-8518.2015.03.001
https://doi.org/10.2514/6.2015-2145
https://doi.org/10.2514/6.2015-2145
https://doi.org/10.2514/6.2015-2145
mailto:duanfeiovo@163.com

	0 引言
	1 数值计算方法
	1.1 控制方程
	1.2 超大型翼伞模型建立
	1.3 计算方法准确性验证
	1.3.1 湍流适用性验证
	1.3.2 网格无关性验证


	2 组合翼伞与连续翼伞无下拉状态气动性能对比
	2.1 气动特性对比
	2.2 三维流场对比

	3 组合翼伞与连续翼伞下拉状态气动性能对比
	3.1 单侧下拉气动特性对比
	3.2 双侧下拉气动特性对比

	4 结论
	参考文献

