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Re-entry Trajectory Design of Inflatable Thermal Shield

XIA Gang CHENG Wen-ke QIN Zi-zeng
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073  China

Abstract The newly developed Inflatable Thermal Shield ITS technology offers a simple reliable and economical way to recover
various vehicles from orbits and is therefore possible to be a substitute for parachute systems in the future. The selection of the aeroshell
shape for the ITS recovery system is discussed. CFD methods are used to predict the subsonic transonic and supersonic aerodynamics of
the selected shape and compared with the Newtonian hypersonic estimation. The single-stage and two-stage inflation schemes are exam-
ined with the calculation of a 90kg cargo’s re-entry trajectory the latter is shown to possess better combination of deceleration and ther-
mal protection and is therefore the ideal ITS re-entry scheme.
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Fig.1 Ballistic coefficient required for different land speeds
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150 2.075¢-9 7800 2.60e - 1 2.4e-4
90 3.417e-6 7700 4.2le+2 0.39
85 8.220e - 6 7600 9.86e +2 0.92
80 1.846e -5 7500 2.16e+3 2.0
50 1.027¢ -3 4000 3.4le+4 316.1
7 0 ~ 86km 86 ~ 90km ITS

ITS  86km

1976



150km  86km ITS Cp=0
50km
DSMC 8
CFD
;
0.93 1.03 ITS
ITS C,= C,<0
CFD
ITS CFD
NS TS
20km Re
Re
CFD
9 RNG k —¢ 10 4 Ma,=2.4

ITS

86km

Okm
Re

4 Ma,=2.4 ITS 5 CFD ITs
Fig.4 Mach number pressure contours Ma., =2.4 Fig.5 Drag predictions of ITS from CFD
4
150km
1
ITS
2 ro Vo
3
ITS 1 Runge-Kutta
1.1

6 15.316m>




8 2002 3
4.155 m*  15.316m" 40km 0 50 100 10 200 250 300
60 — T T T T T T T 60
30km  20km
20km
40km
=
ITS
27%
6
5 Fig.6  Single-stage and two-stage inflation re-entry
trajectory comparison
ITS
CFD ITS
ITS
ITS

O o 3

10
11

ITS

Marraffa . Kassing D Baglioni P et al. Inflatable Re-entry Technologies Flight Demonstration and Future Prospects ] . ESA Bulletin 2000
103 78-85.
J. 2002 1 19-24.
Mitcheltree R A Moss ] N Cheatwood F M et al. Aerodynamics of the Mars Microprobe Entry Vehicles J . Journal of Spacecraft and Rockets
1999 36 3  392-398.
Faurote G L. Burgess J L. Thermal and Stress Analysis of an Attached Inflatable Decelerator AID  Deployed in the Mars Earth Atmospheres R .
NASA-CR-111920 1971.
William D Deveikis James Wayne Sawyer. Static Aerodynamic Characteristics. Pressure Distributions and Ram-air Inflation of Attached Inflatable
Decelerator Models at Mach 3.0 R . NASA-TN-5816 1970.
. US Standard Atmosphere. 1976 M . 1982.
M . 1999.
M . 1991.
M . 1999.
Yakhot V' Orszag S A. Renormalization Group Analysis of Turbulence | Basic Theory J . Journal of Scientific Computing 1986 1  1-51.
M . 1982.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200203002.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e6%96%87%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%ad%90%e5%a2%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%e8%88%aa%e5%a4%a9%e4%b8%8e%e6%9d%90%e6%96%99%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Marraffa+L%3bKassing+D%3bBaglioni+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213363809.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213363809.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%3b%e7%a7%a6%e5%ad%90%e5%a2%9e%3b%e5%bc%a0%e6%99%93%e4%bb%8a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ddyhtyzjs200201004.aspx
http://c.g.wanfangdata.com.cn/periodical-ddyhtyzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mitcheltree+R+A%3bMoss+J+N%3bCheatwood+F+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024239787.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Faurote+G+L%3bBurgess+J+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e4.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22William+D+Deveikis%3bJames+Wayne+Sawyer%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e7%8e%b0%e6%b7%bc%3b%e9%92%b1%e5%bf%97%e6%b0%91%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9e%bf%e7%ab%a0%e5%8d%8e%3b%e5%88%98%e4%bc%9f%3b%e6%9b%be%e6%98%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b8%8c%e5%ad%a3%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%89%bf%e5%b0%a7%3b%e7%8e%8b%e6%ad%a3%e5%8d%8e%3b%e6%9d%a8%e6%99%93%e8%be%89%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yakhot+V%3bOrszag+S+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b4%be%e6%b2%9b%e7%84%b6%3b%e6%b2%88%e4%b8%ba%e5%bc%82%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200203002%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%9e%e4%b9%8b%e6%b5%a9%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfkj200602023&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfkj200602023.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkj.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jzjsjsj200802002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jzjsjsj200802002.aspx
http://c.g.wanfangdata.com.cn/periodical-jzjsjsj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a7%9c%e7%8e%ae%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e9%9f%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JIANG+Wei-dong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FANG+Tao%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dwjzjs200605034&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dwjzjs200605034.aspx
http://c.g.wanfangdata.com.cn/periodical-dwjzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e4%ba%91%e9%be%99%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a2%9c%e5%8d%ab%e4%ba%a8%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%8c%82%e5%8a%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%af%e8%bf%9c%e7%ba%a2%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_7349552&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_7349552.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e6%99%af%e6%b5%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Bin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Jinghai%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_scjzkxyj200706004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_scjzkxyj200706004.aspx
http://c.g.wanfangdata.com.cn/periodical-scjzkxyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%81%e6%96%b0%e4%b8%ad%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DING+Xin-zhong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_shanxjz200515017&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_shanxjz200515017.aspx
http://c.g.wanfangdata.com.cn/periodical-shanxjz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e6%89%ac%e5%bd%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%ad%90%e5%a2%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xia+Gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dong+Yangbiao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Qin+Zizeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_htfhyyg200501002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_htfhyyg200501002.aspx
http://c.g.wanfangdata.com.cn/periodical-htfhyyg.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%94%90%e4%bc%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a1%82%e4%b8%9a%e4%bc%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%89%e9%be%84%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%9b%e6%a2%85%e8%89%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUI+Ye-wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+An-ling%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MAO+Mei-liang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yhxb200702005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yhxb200702005.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yhxb200702005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yhxb200702005.aspx
http://c.g.wanfangdata.com.cn/periodical-yhxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%ad%90%e5%a2%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%93%e4%bb%8a%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ddyhtyzjs200201004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ddyhtyzjs200201004.aspx
http://c.g.wanfangdata.com.cn/periodical-ddyhtyzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8b%8f%e7%94%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%91%e8%89%b3%e8%b6%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SU+Sheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIANG+Yanchao%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_htqgc201102014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_htqgc201102014.aspx
http://c.g.wanfangdata.com.cn/periodical-htqgc.aspx
http://c.g.wanfangdata.com.cn/periodical-htqgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e6%89%ac%e5%bd%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%ad%90%e5%a2%9e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_htfhyyg200501002.aspx
http://c.g.wanfangdata.com.cn/periodical-htfhyyg.aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e6%96%87%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%ad%90%e5%a2%9e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yhclgy200306001.aspx
http://c.g.wanfangdata.com.cn/periodical-yhclgy.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200203002.aspx

