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Table 1 Domestic and overseas deep space exploration missions with supersonic parachutes

[1,4-8]

% (=) H Wit 7 < e 151 ZNEAR/m B/ m* I s 43
Viking 1&.2 1976 kA FhgEir A 16. 2 2.1 L
Pioneer Venus 1978 4R To I 5 1) T A 0.76 0.8 [L#]
HETE A 24 4.94 0.8
Galileo 1995 KE HETE Al 2 4 1.14 0.95 SR
HEE Al 254 3.8 0.95
MPF 1997 K g A 12.7 1.71 AL
MPL 1999 kA EiR e 12.7 1.85 PN
Beagle 2 2003 kAL BLEE A 3.2 1.5 i as %k
BAN R 10.0 0.4~0.6
MER AR.B 2004 )8! E R 14.1 1.8, 1.9 ]
Huygens 2004 ESNLPA FhgE A 2.6 1.47 B
fEE A 8.3 1.36
FhgEir A 3.0 0.15
Genesis 2004 Bk A FegEr A 2.03 1.8 B B RATIF
Har 325 DA
Stardust 2006 MR A FhHE A A 0.8 1.4 SR
SRR A 7.3 0.15
Phoenix 2008 P BLEE A 11.7 1.74 AL
MSL 2010 kA BLEE A 21.5 1.75 B
ExoMars 2016 kA LG A 12.0 1.8~2.2 Xl ns F K
InSight 2018 K fegEi A 11.8 1.49 AL
K i) 2021 KB fgE A 200 1.8 Jies]
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Fig.2 Comparison of conical ribbon (left) and half-flow

ribbon (right) parachutes "
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Fig.3 Variation law of drag coefficient with Mach num-

ber for conical ribbon and half-flow ribbon para-

chutes!”!
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Fig.4 Cross parachute in wind tunnel""
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Fig.5 Profile of an attached inflatable decelerator™’
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Fig.6 IRVE structural cross-section diagram'*
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Fig. 7 Sectional view of inflatable re-entry decelerator'*
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Fig. 9 Inflatable re-entry decelerator in a test""”
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Table 2 Some important wind tunnel tests of supersonic parachute in Mars exploration missions
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Review of high-speed flexible aerodynamic decelerators
key technologies

XUE Xiaopeng', JIA He**, RONG Wei?, JIANG Wei*, BAO Wenlong?, WANG Zhen?,
ZO0U Tianqi®, DAI Yurou?®, ZHOU Yiwei'

1. School of Automation, Central South University, Changsha 410083, China
2. Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China

Abstract: Flexible aerodynamic deceleration technology is extremely key for spacecraft to safely land in extraterres -
trial objects or re-enter the Earth’s atmosphere at high speeds. With the continuous advancement of major missions
such as Chinese manned spaceflight and deep space exploration, the demand for high-speed flexible aerodynamic de -
celerator for spacecraft with faster entry speeds and heavier loads is becoming increasingly urgent. However, the me-
chanical model of high-speed flexible aerodynamic decelerator combines strong nonlinearity and strong coupling char-
acteristics, and involves a wide range of research fields, such as the aerodynamic characteristics of blunt and porous
structures, nonlinear structural dynamics, compressible turbulence, structural aerodynamic heat and their mutual cou-
pling issues. Therefore, conducting research on the fundamental theory and key technologies of flexible aerodynamic
decelerators is of great difficulty and complexity, but of great significance. This paper, first, classifies the high-speed
flexible aerodynamic decelerators. Then, the technical content of high-speed flexible aerodynamic decelerator technol-
ogy is analyzed and sorted out, and the development history and research progress of its key technologies are system -
atically reviewed and summarized. Finally, a summary and outlook are provided on the future development directions
and key issues that urgently need to be addressed for the key technologies of high-speed flexible aerodynamic
decelerators.

Keywords: entry, descent and landing; supersonic parachute; inflatable entry decelerator; aerodynamic character-
istic; fluid solid thermal coupling
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