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Testing for turbines of EAST 2 kW/4.5 K helium refrigerator plant

Fu Bao Bai Hongyu Zhu Ping

( Institue of Plasma Physics,Chinese Academy of Science,He Fei 230031, China)

Abstract: EAST ( Experimental Advanced Super-conducting Tokamak ) is an experimental device for
controlling nuclear fusion. In 2006 ,the engineering commissioning of EAST has already been done success-
fully. All of the superconducting magnets have been cooled down to LHe temperature. First plasma has been
obtained in the campaign of plasma physics experiments. In the helium refrigerator, there are 4 turbines,
which is used to get the low temperature by isentropic expanding of helium. The experiment results indicate
that the 4 turbines meet the demands of EAST. The efficiency is little lower , but the flowrate is higher. The
parameters of the turbines are described. The test results in the first cool down of EAST and the analyses of

the performances of the 4 turbines are also presented.
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Fig.1 Flow chart of helium refrigeration plant
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Fig.2 Structural schematics of turbin expander
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Table 1 Some design parameters of turbines A,B,C,D
2% A B C D
Po—— B OE f3/( x 10° Pa) 19/19.4 19/19. 4 6.85/7.0 18.5/18.9
p— MBI OES/( x10° Pa) 5.3/5.4 7.0/7.1 1.18/1.2 4.2/4.2
T,— B T EE/K 80 49.2 22.2 8.9
P BEHE 0E 5/ ( x10° Pa) 9.92/10.1 1.128/11.5 2.92/3.0 9.68/9.9
T,—HRFEOBREK 66.9 42.39 17.45 . 7.86
T,—HEHOBE/K 56.49 36.92 13.38 6.34
n—HE 0.74 0.76 0.77 0.65
—KFhE 0.425 0.425 0.425 0.425
X, = pl/Co-BefE 1L 0.58 0.64 0.65 0.67
a—%53/( x10° t/m) 184 181.3 104.7 142
C—W B/ (kg/s) 0.11 0.1 0.1 0.11
R R R 0.85 0.86 0.85 0.78
y— W HEERK 0.7 0.7 0.7 . 0.58
N—# T R/KW 13.8 6.58 4.4 0.99
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Table 2 Structure parameters of turbines A ,B,C,D

B A B C D
a— BB S A/ () 8 8 8 8
D, — TR EHR/mm 35 28 40.14 15
Dy — T O 52/ mm , 20.6 17.53 26.89 10.95
HEAE(EHE + AHHE) 7+7 9+9 7+7 7+7
No— WS B M 3 6 8 8 6
Ly ,— B B /mm 2.74 2.39 3.22 1.79
ay ,—BEWRT/mm 2.5 1.54 2.18
S pa— BEHE 3 4 B/ mm” 41.8 29.5 56.2 11.96
Dy— W E R /mm 14 12 14 8
Dyore—— Rl B H A/ mm 31 27 31 16
T e - FTth2 18 &) [ B/ mm 0.08 ~0.12 0.08 ~0.12 0.08 ~0.12 0.05 ~0.08
THesem A - FEHcHlE B B B/ mm 0.12~0.18 0.12~0.18 0.12~0.18 0.09 ~0.12
Bk B B - B IR 42 18] 19 8] B/ mm 0.055 ~0.06 0.055 ~0.06 0.055 ~0.06 0.032 ~0.036
B~ BR8] B/ mm 0.042 ~0.045 0.045 ~0.048 0.042 ~0.045 0.032 ~0.036
B~ 1k #E 3R B 5] ] B /mm 0.08 ~0.11 0.08 ~0.11 0.08 ~0.11 0.06 ~0.08
B~ $ 30T 2 B BB 6] B B mm 0.8~1.5 0.8~1.5 0.8~1.5 0.8~1.5
B3 ZEREVASHERERSRES
Fig.3 Oil and gas flow chart of turbine
F3 FBFBRKYUKIETHRBRE
Table 3 Running restrict conditions of turbines
£ A B C D
SRR S E S/ MPa >1.6 >1.6 >1.6 >1.6
P S E/MPa >0.8 >0.8 >0.2 <0.4
LR R N K/ MPa >1.2 >1.2 >1.0 >0.8
2 15 8l W [E/MPa >1.5 >1.5 >1.5 >1.5
H3/( x10°/m) <195 <200 <195 <210
FEV KT ESE S/ MPa <2.2 <2.2 <0.9 <2.2
R Bk AL R /K 283 < T <323 283 < T <323 283 < T <323 283 < T <323
BEVETHEFERPEE: BEEOTE,“EHNSIEH SR, BT %
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Tab.4 Running parameters of turbines ‘j*”’*‘ e
T A B C D J
HKESN/ x10° Pa 18.7 19.53 7.01 18.57 . -
HRBHE/K 78.6  44.95 24.88 10.18 S
HSBE/K 58.6 34.06 16.03  6.29 o s
3% /krpm 160 161.5 110  14.2 3r Alfs/ /f ‘fﬁuzﬁuﬂ-«v“;;::;v
SEMRLE/ <100 P 188 1.1 185 187 O 12006~ 10-1 15:30-2006-10-1 16.12
B sA&AME/ x10° Pa 23.1 21.1 23.0 23.0
IR RME x 10° Pa 23.0 19.5 23.0 22.8 B4 BFEREAGED TR TS L
HEH K/ x10° Pa 10.2  10.4 8.0 8.3 Fig.4 Start-up of turbine A
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Table 5 Efficiency and power of turbines A,B,C,D

BEEK A B C D
H#HOBE T./K 78.6  44.95 24.88 10.18
#HOEN p,/ x10° Pa 18.7. 19.53 7.01 18.57
HOFEA p./ x10° Pa 5.1 7.46  1.34  3.36
BOBET,./K 58.6 34.06 16,03 6.29
33 n /( x10° /m) 120 17 110 107
HEOKEE b,/ (k) kg) 423.4  250.3 142.4 46.22
WE/(g/s) 130 123.6 123.6 136.7
O ME b,/ (K)/kg) 319.6 191.6 97.42 33.77
FHOWE/ (k) kg/K) 42.49 15.51 14.53 6.574
FRIRE by (Ki/kg) 258.1 173.1. 80.12 27.95
MHE=(h -hy)/(h-h;)/% 62.8 76.03 72.22 68.14
WA R W=gq, x(h ~h))/kW 13,494 7.255 5.56 1.61

(TH#F 49 W)
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Table 4 Coefficients of enthalpy vaporization correlation
by b, b, a4y a2 a3
9.569 651e -3 -0.202 977 -0.585 359 0. 620 324 0.362 1 -0.342983
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