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Properties of Composite Thermal Shroud of Stainless Steel Pipe—Aluminum Profile

YAN Ge,ZHANG Yingming, LIU Weicheng, LU Zhengyao
(Lanzhou Vacuum Equipment CO.,Ltd. Huayu Branch,Lanzhou 730000, China)

Abstract: Thermal shroud is the key component of space environment equipment, and the material properties of ther-
mal shroud is directly related to the performance of thermal shroud and even the performance of space environment equip-
ment. The performance characteristics of commonly used thermal shroud materials as well as some thermal shroud materials
and structures at home and abroad are briefly described. A composite thermal shroud of stainless steel pipe-aluminum profile
has been developed, and the composite finned tube is produced by expanding a stainless steel pipe into the aluminum finned
tube. The pressure and temperature uniformity of vacuum chamber before and after loading thermal shroud have been tested,
and the results show that the gas load of the thermal shroud is small and does not affect pressure of no-load vacuum chamber,
In the range of -35 ~ 70 °C, the overall temperature inhomogeneity of the thermal shroud is -2.3 ~ 2.5°C, in the range of 10 ~
70 °C, the temperature rise rate is 2.73 °C/min,and in the range of -35 ~ 20 °C, the temperature reduction rate is 1.82 °C/min,
which can meet the requirements of environment simulation experiments. Aluminum alloy and stainless steel have their own
charactristics in the composite thermal shroud, which makes the thermal shroud with high reliability, light weight, low cost,
convenient and quick processing and boasts definite prospects for a variety of applications. In the future, it is necessary to
study further the expansion process of the stainless steel tube and the aluminum finned pipe to reduce the thermal contact
resistance.
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Tab.1 Properties comparison of three materials
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20 °C 295 58.8 31.3

Jit M58 BE /M Pa ;

-180 °C 275 78.4 39.2

20 °C 56 48 35
HEJ#/ % .

-180 C 37 38 48
ik, 20°C — 0.771  0.912
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Fig. 1 Physical drawing and cross-section of stainless steel
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Fig. 4 Schematic diagram of temperature measuring point arrangement on thermal shroud
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Tab.2 Calculation temperature difference between ther-

mal shroud fin edge and branch pipe at each temperature

IR/ C AR 2E/C PORE /(W -m™)
70 -0.39 -50.34
60 -0.28 -36.80
50 -0.19 -24.42
40 -0.10 -13.13
30 -0.02 -2.88
20 0.05 6.40
10 0.11 14.78
0 0.17 22.32

-10 0.22 29.07
-20 0.27 35.10
-30 0.31 40.45
-35 0.33 42.89
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Tab.3 Comparison of gas extraction of vacuum chamber

before and after installing thermal shroud

W ®BWGEH SEEH WY PR
A Pa Pa min min
8.9x10" 8x10° 61
DL 8.3x10° 9x10™° 70 63
9.0x10* 8x10°° 58
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BEADT 8.0x10 8x10°° 117 121
9.9x10* 8x10°° 128
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Fig. 6 Temperature measurement curve of thermal shroud
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Tab. 4 Temperature uniformity of the thermal shroud at each set temperature

BRI, PRI, bR 22/ WILHE 5 PGS SEHR TR IR i/
[® C [® C f2zC 22C W
70 69.1 13 -1.8 0.6 -0.39 -109.75
60 59.5 0.9 -1.4 0.5 -0.28 -80.22
50 49.5 0.6 -1.0 0.4 -0.19 -53.23
40 39.6 0.4 -0.6 0.2 -0.10 -28.63
30 29.7 0.2 -0.3 0.0 -0.02 -6.29
20 20.0 0.2 -0.2 0.0 0.05 13.95
10 10.1 0.6 -0.3 0.1 0.11 32.22
0 0.1 L1 -0.7 0.2 0.17 48.66

-10 -10.0 L5 -1.0 0.3 0.22 63.38
-20 -20.1 1.6 -1.4 0.4 0.27 76.52
-30 -29.9 2.4 -1.9 0.6 0.31 88.18
-35 -35.2 2.5 -2.3 0.8 0.33 93.50
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Tab.5 The temperature test results of different temperature measuring points at the root of branch pipe
BOE AT 003 R BE S °C o bW TR AT
wEs/c T2 13 T6  TIO TI1 T4 TIS  Tle  T17  TI8  WE/SC Z/C O Z/ICOAGA/W
70 694 695 694 698 695 683 698 702 704 @ 69.7 69.6 0.8 -1.2 -109.75
60 59.8  60.0 59.7 60.0 596 589 60.1 603 604 599 59.8 0.5 -1.0 -80.22
50 498 500 49.8 499 495 491 500 500 502 498 49.8 04 -07 -53.23
40 39.7 399 398 397 394 393 399 398 399 397 39.7 02 -04 -28.63
30 297 299 298 298 294 297 298 298 298 298 29.7 02 -03 -6.29
20 200 199 199 199 197 201 200 198 199 199 19.9 02 -02 13.95
10 9.9 9.8 9.8 100 99 104 10.1 9.9 9.9 10.1 10.0 04 -02 3222
0 -04 -05 -04 00 0.0 0.7 0.1 -04 -02 0.3 -0.1 0.8 -0.4 48.66
-10 -10.8 -11.0 -109 -102 -10.1 -92 -10.0 -109 -104 -9.7 -10.3 1.1 -0.7 63.38
=20 -21.2 -214 -212 -202 -20.0 -19.0 -199 -213 -203 -193 -20.4 14 -1.1 76.52
=30 -31.6 -31.8 -31.6 -299 -29.6 -285 -294 -31.6 -30.1 -283 -30.3 19 -1.6 88.18
-35 -37.1 =375 -372 -350 -348 -33.6 -346 -372 -352 -332 -35.6 24 =20 93.50
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Fig. 7 The temperature comparison of measuring

points at the root of branch pipe
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Tab. 6 Temperature difference between the root of branch pipe and the edge of the fin
- Wi SOEMR TeS5T4 WA SEMR TI0S5TS Wil SCEMRES T145TI2 SCERES AUiAR
X RE A N § y y . \
F*F/"(J:m T4 TBTOM W ATSA WTION M 4TI TR R2 BHLgT S
- REESCORESC ATC O REEC WRESC ATC RESC EC ATC HREC W
70 68.8 69.4 0.6 68.7 69.8 1.1 67.3 68.3 1.0 -0.39 -109.75
60 59.3 59.7 0.4 59.0 60.0 1.0 58.1 58.9 0.8 -0.28 -80.22
50 49.5 49.8 0.3 49.2 49.9 0.7 48.6 49.1 0.5 -0.19 -53.23
40 39.6 39.8 0.2 39.3 39.7 0.4 39.0 39.3 0.3 -0.10 -28.63
30 29.7 29.8 0.1 29.6 29.8 0.2 29.6 29.7 0.1 -0.02 -6.29
20 19.9 19.9 0.0 19.9 19.9 0.0 20.1 20.1 0.0 0.05 13.95
10 10.0 9.8 -0.2 10.1 10.0 -0.1 10.5 10.4 -0.1 0.11 32.22
0 -0.2 -0.4 -0.2 0.2 0.0 -0.2 0.9 0.7 -0.2 0.17 48.66
-10 -10.6 -10.9 -0.3 -10.1 -10.2 -0.1 -8.9 -9.2 -0.3 0.22 63.38
-20 -20.9 -21.2 -0.3 -20.2 -20.2 0.0 -18.6 -19.0 -0.4 0.27 76.52
=30 -31.2 -31.6 -0.4 -30.0 -29.9 0.1 -27.9 -28.5 -0.6 0.31 88.18
-35 -36.7 -37.2 -0.5 -35.5 -35.0 0.5 -33.0 -33.6 -0.6 0.33 93.50
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Tab.7 Comparison of thermal shroud parameters for the three materials
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