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under LowVacuum Degrees
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ABSTRACT: The work aims to provide heat dissipation solution for the large-scale high-speed geotechnical centrifuge of over
1,000 g, so as to ensure its normal operation. The heat generation mechanism of high-speed rotor under low vacuum was studied
and the heat dissipation mode was analyzed in combination with experimental research and theoretical analysis. The higher the
absolute pressure, the faster the temperature rise in the centrifugal chamber. The input power consumption of centrifuge's driving
motor was respectively 2.17, 3.79, 5.17, 7.66 and 11.56 kW under different vacuum (absolute pressure of 10,000, 5,000, 3,000,
2,000 and 1,000 Pa). The heat of super-gravity high-speed geotechnical centrifuge was mainly generated by the first heat source
from the friction of air and high-speed rotor, the second heat source from the friction of high-speed rotated air and the centrifu-
gal tank wall, and a small amount of heat from the friction of other mechanism and the friction of air and bottom/top. The wall
heat generated by the first heat source can be quickly taken away by arranging a cooling jacket, the heat of the second heat
source generated in the center of the centrifugal tank can be cooled by introducing an appropriate amount of cold air, and can
also be rapidly evaporated by injecting a coolant and rapidly cooled with latent heat of vaporization.
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Fig.2 Temperature variation curves of the centrifugal
tankunder different vacuum: a) the rotor end; b) centrifugal
chamberwall
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Tab.1 Heat absorbed by the refrigerant

JESI(4a)F)/Pa At/K IV HI /L 01/kJ
1000 22 2 285.05
2000 25 3 865.984
3000 27 6 1746.41
5000 28 9 2630.46
10 000 31 16 4734.16
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Tab.2 Heat dissipated by the centrifugal tank wall

FE 1 (45 % )/Pa (ts1—tw2)/K 0-/k]
1000 6.5 29.843 082
2000 9.8 44.994 185
3000 13.7 62.900 035
5000 17.3 79.428 511

10 000 15.5 71.164 273
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Tab.3  Air heat inside the centrifugal tank

KEJ1 (485 ) /Pa 04/k]
1000 0.437 037
2000 0.649 756
3000 1.180 087
5000 2.408 924
10 000 4.424 561
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Tab.4 Heat absorbed by thecentrifugal tank barrel

JEH (485K ) /Pa At/K 0./k]
1000 6.5 1052.32
2000 9.8 1586.57
3000 13.7 2217.96
5000 17.3 2800.78
10 000 15.3 2476.99
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Tab.5 Calculation results of wind resistance power

FES (4% ) /Pa /K] it fa] /min SN YIFE P/KW R FE/KW
1000 1367.66 10.5 2.17 4.37
2000 2498.22 11 3.79 6.897
3000 4028.46 13 5.17 7.95
5000 5513.08 12 7.66 9.87
10 000 7286.64 10.5 11.56 11.76
LT IRY 14
2.5 Wit bl R —— SRR
251 F=HHIE S 107
R LU ), D R R TR LI 8T
FEm R G TS R, s B o
A 25 A B O BT AR P 55 AR, IR A o
A LM 3 . 75 5 RS TR P A 1 2 B4R r | | | |
IS R ST 4 S T B % 207 R oo 2000 000 o0 Toou
FEJ1/Pa

L e ORI, R A R — R
AR AR XUBEL 2 232 08 7 o
252 MRGERHH

MIREE S (I 3 iR ) iU, TF IR
M, T LG A B A B RBCA A, FIA — &
W2, WPl ERSEIREL)E, 45 R 5
FRRLIR R D FE OB, IR 2R
2.5.3 ##HARIRIT

BT 2R — o IR R R B 4 R ), X

K3 R I 5L Ue

Fig.3 Displayedand tested power consumption
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