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Effect of outer diameter size of inflatable tour on structural mechanical
characteristics of inflatable decelerator

ZOU Yuchen, XUE Qiwen’, WANG Gang
(School of Transportation Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Inflatable decelerator is subject to significant aerodynamic and aerothermal loads during
hypersonic deceleration. To optimize the mechanical characteristics of inflatable decelerator under complex
loads, four inflatable decelerator models with different sized outer diameter inflatable tours were established
based on NASA’s project IRVE-3. A unidirectional fluid-solid-thermal coupling analysis under Ma=5 flight
condition was carried out. The effects of the outer diameter size of inflatable tours on the mechanical
characteristics and temperature distribution of the inflatable decelerator under aerodynamic, aerothermal, and
superimposed loads were compared. The results show that the smaller the outer diameter of the inflatable tour is,
the smaller the overall deformation, the higher the temperature, and the higher the stress in the thermal protection
layer. The larger the outer diameter is, the greater the stress concentration of the inflatable tour. It indicates that
either too large or too small size of the outer diameter of inflatable tours has a negative impact on the mechanical
characteristics of the inflatable decelerator. The proposed study may provide a reference for the inflatable
decelerator design in the future.

Keywords: inflatable decelerator; inflatable tours; numerical simulation; aerodynamic force; aerothermal;
fluid-solid-thermal coupling
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Table 1 Material parameters of the inflatable decelerator
- M
ZH Ne];(ic:eil;(l)40 Pyrogel6650| Kapton |Kevlar
2 p/(kgm”) 1362 110 1466 | 1440
F A E/GPa 190 0.7 3 10
YRS Ly 0.30 0.27 0.34 | 0.33
WK £ 8ok | 53x10° | 3x10°  |3.9x10°-2x10°
SREHN
(Wem K ) 0.146 0.03 0.12 | 0.04
HAEC/Okg KD 1130 1046 1022 | 1420
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Table2 Maximum values of deformation of each parts under
aerodynamic force

d=304.20 mm

TR AR B KB /mm
SME/mm | GRS | RN
760.50 1.722 3.817
507.00 1.534 1.940
38025 1339 1.985
304.20 1318 1.699
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Table 3 Maximum values of stress of each parts under
aerodynamic force

TR IS 73 fe KAH/MPa

SMtmm | BifE | V2 | REE | RRER
760.50 | 110.096 | 0.637 | 2.857 | 24345
507.00 | 103.547 | 0.618 | 2.544 13.483
380.25 | 91.287 | 0450 | 1.974 12.427
30420 | 87.855 | 0422 | 1958 11.366
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Fig. 12 Temperature nephograms of thermal protection layer
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/K

341.00
336.44
331.89
327.33
322.78
318.22
313.67
309.11
304.56
300.00

d=760.50 mm d=507.00 mm d=380.25 mm d=304.20 mm
K13 AEER TSR
Fig. 13 Temperature nephograms of airtight layer under
pneumatic heat action

I 71/MPa
151.0
1359
120.8
105.7
90.6
75.5
60.4
453
30.2
15.1
0 d=760.50 mm d=507.00 mm d=380.25 mm d=304.20 mm

K14 SEER TRIER I =

Fig. 14 Stress nephograms of thermal protection layer under
pneumatic heat action

R J1/MPa
3.40

3.06
2.72
: e e o

d=760.50 mm d=507.00 mm d=380.25 mm d=304.20 mm
K15 AEER T BRI =R

Fig. 15 Stress nephograms of airtight layer under pneumatic

heat action

*k4 SHMMEATERGESEE
Table 4 Maximum temperatures of each parts under
pneumatic heat action

A H e U /K

SMEmm | BiRJE | 4R | REE | R
760.50 390.64 | 346.08 | 335.18 308.83
507.00 400.19 | 351.42 | 339.72 309.20
380.25 402.46 | 352.60 | 340.43 309.87
304.20 402.24 | 353.33 | 340.98 313.35
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Table 5 Maximum values of stress of each parts under
pneumatic heat action

piialEZ N /) e KAE/MPa
SMEMmm | iR | iR | SR | RN

760.50 126.883 0.494 2974 24.255

507.00 139.784 0.524 3.078 13.678

380.25 147.294 0.344 3.219 9.481

304.20 150.850 0.362 3.046 9.571
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Table 6 Maximum values of deformation of each parts when
two loads acting together

TR AR fe K A /mm
SMEmm | g gg | SR
760.50 2.236 2.986
507.00 2.132 2.673
380.25 2212 2.868
304.20 2.016 2.674
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Table 7 Maximum values of stress of each parts when two
loads acting together

TR A [ /38 K AE/MPa

SMEmm | pidE | a2 | SEE | RAEN
760.50 | 126.730 | 0.854 | 5.916 24.270
507.00 | 139.595 | 0.839 | 5.652 13.980
380.25 | 145.920 | 0.778 | 5.377 13.624
30420 | 150.695 | 0.714 | 4.957 13.374
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