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Design and performance analysis of screw lift thermal protection
structure in the cryogenic wind tunnel
Liu Dan Chen Shuping Mao Hongwei Wang Xudong Jin Shufeng Yao Shuting
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Abstract: A three — section thermal protection structure with the stainless steel pressure protection shell and built — in poly—
urethane insulation layer was designed according to the structural characteristics of screw lift and the engineering thermal protec—
tion requirements of devices in the cryogenic wind tunnel. The numerical model of thermal protection structure was established by
using finite element software and its stress deformation and temperature distribution were obtained on the basis of the structural
and thermal analysis under the low temperature and normal temperature conditions. It is found that when withstanding the maxi—
mum pressure difference of 0. 35MPa the thermal protection structure has the maximum stress and the strength of thermal pro—
tection structure meets the requirements under normal working loads through strength check. The load factor of the thermal protec—
tion structure is 74.5( >3) and its first order buckling load is 26. IMPa( >0.35MPa) thus the stability of thermal protection
structure meets the requirements. Under the low temperature and normal temperature conditions the temperature of screw lift
structure is in the safe range of 263K — 313K when the mass flow rate of nitrogen gas is 0. 01kg/s and 0. 02kg/s respectively in—
side the thermal protection structure with the polyurethane thermal insulation thickness of 40mm.
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Fig.2 Diagram of the thermal protection structure with polyurethane insulation
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1
Tab.1 Dimensions and main performance parameters of each component of thermal protection structure
Jmm /( ke/nt) / (W/(m*K) / (KJ/(kg* K
1313 x 680 x 1437 40 0.02 1300
360 x 590 x 225 1700 0.37 1260
( ) 1423 x790 x 1427 S30408 7850 15.7 500
() 1423 x 790 x 24 S30408 7850 15.7 500
() 560 x 790 x 20 S30408 7850 15.7 500
P21 S30408 7850 15.7 500
P51 S30408 7850 15.7 500
P51 S30408 7850 15.7 500
27 S30408 7850 15.7 500
@222 S30408 7850 15.7 500
(0] 81.35 x5.7 — — —
470 x700 %3 — — —
o ANSYS
N N(0)
Mesh N N
69 532 168 252
@
;@
0.45MPa 0.
1MPa E)
FLUENT k-e
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o ICEM
N N (
)6 3 479 948
554 316
(b) ( )
3 963 W
Fig.3 Numerical model of thermal protection structure 300W /m’ @D
0.01kg/s 202 650Pa
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Fig.4 Equivalent stress distribution of thermal protection structure
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Tab.2 Stress classification and intensity evaluation of each path

5 /MPa /MPa
Fig.5 Diagram of path of stress linearization 1-1 P, 80.09 1.5 x137
B A P +Q  141.90 3.0 x137
- A\B ( 4 - P, 76.87 1.5 %137
P +Q  122.29 3.0 x137
Py Q- 6 .
A.B .
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N 1. I7mm
C 1. 19mm.
2mm
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Fig.6 Deformation distribution of thermal protection structure
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Fig.8 Temperature distribution of screw lift structure under

two operating conditions
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