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Analysis of the cooling system for a superconducting generator
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Abstract

The superconducting winding in rotor of a superconducting generator should be kept at ex-

tremely low temperature of 4-5 K to maintain the superconducting state. For this purpose

the liquefied helium is used for the coolant and it is very important to analyze and design a

cooling system making effective use of the coolant. In this paper, the typical heat exchanger

of a superconducting generator with the flow passage is analyzed with regard to the thermal

equilibrium. An experimental constant relevant to the flow condition in the flow passage is

determined with heat exchange experiments in cryostat. Also a new heat exchanger with po-

rous material 1s proposed and designed. Results of the numerical analysis for the tempera-

ture distributions for the torque tube and the coolant are reported and the efficiency of the

heat exchanger is discussed from the viewpoint of amounts of coolant needed.
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Table 1 Equipment of heat exchanger experi-
ment
o Linquid Nitrogen Tank Taylor-Wharton Company
o Cryostat Cryosab Company

® Thermocouple
¢ Multi-channel Digital Recorder

J-type
OMEGA Technologtes Company

PVC tube
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Table 2 Parameter values for numerical simu-

lation
Parameter Value
mass flow rate, m,(kg/s) 86% 107
outer diameter of torque tube, do(m) 0.126
inner diameter of torque tube, & (m) 0.12

diameter of particles ¢
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Fig.7 Pressure drop of helium gas at 100 K;

numbers on the line are pressure drop In
atm

33 o4 g
SELAT

s xol Mol ATHYHA

4 ARPPAEL AE f2RA FLR
tEd dde 483 Hoz uds f2YAS
A we) dagdeel deHe 4(1),2)8 2
U A8 5 dlod, SEdude S we
dAGAFe] ghe vhpolFolol @t 3, thed
RANAe] AR e Do),

off L

oX Ol‘J

2

k(T)-A -—q—,-—hc(r)-U~(T—r):O
dx?

&3

(17)

hc(r)-U-(Tﬂr)—r’ng-C,,(r)-‘ir—:O (18)
dx

A7V A p e oA ol oM o] AHEA S0l

Handley ¢} Heggs7} 4384 Ea 23 geojz
Hag 7 YR FRY gEAdude) Y S e
AL, Jve o2 2

Ju= P s (0 -Re) 1

R= G-C =u. e) (19)
9 RS oA g distd EWE JAlae
og# 2o

morso ng/B'CP'/i/j

D-Pro? (20



452

2(20)M B £ As
o AWLAFE
4730] #oba

uhs} zko] tha4l ul Aol
FIgo] Wold4F, 7 YA

5% ZA0TE A ¢ & A

e fEUAs ded Wde ol8d WA
el AN E F3te] A9 Aed dza}ﬁﬁ}
FAH A AFTrae vlde el =M

of| A 5200J/kg-K2 YAB}ID R o] ék:% o] 8-t
Aa, dArzie FaEe gy ¥ 37/ /hr
2 APt Ea%R e - 974 Table 29 1}
el gyt gonl, A Zol= 0.18mojuh. EaF
Bo| AT T T 202 TAMAIA AHGS T

k(T)=—11.4262+4.5480x [n (T +8.134) (21)

Fig8e fradaol s A Eafus A7)
zo) $EREE e EAfHY SEPEE
42K A 5-E 300K7#] 2vigh e=tulE Kol
1 Qom, Agvkasl A AP e
3ol Mg 42KoH A EAFEYE 1S o

20.56K¢] &5 & Ho|i i 74]1]-;q 185 4.2K
2 FAATE Hadte AHAFFS 9P o
A A AAEAE 7.1127/hr o) °lizl Aol HAast
t}. Fig.9+ vy dusaao) g eafFrel
HAE7I2 S BYE Holw Quh. EafHe &
EREE ohbAR dntd AARE ol AN O
300 A
’[ -— Torque tube Llemp. ) o ‘
I - He gas Llemp. e
—~ 200 | P
5 ! ,// ‘
= i // ‘
100 1 P i
e ‘
8.(;(/)‘"(;.(‘);: Ao‘(“)r{ 'ul.(:(; ld.(;n ;(l.i(; Jo‘.lg 0 11l ‘()‘.lj(s An.nxin
Length(m)

Fig.8 Temperature profile of the torque tube
and the helium gas for the heat exchang-

er with fl

HETE |

300 - -

i /'/W
}\ S Torque tube temp. e \
Helium gas temp. L ]

-

- i
o~ 200 e |
X i |
3, \ / !
£ ; 7 :
) | p
= ‘ -

100 7 ]

,/'/” I

L :

- |

~

. 1

T :

@ FLos ol i b cnrbio e cieeaa Lo
0.00 0.02 0.04 0.06 0.08 0.10 0,52 0.11 0.16 0.18

Length(m)

Fig.9 Temperature profile of the torque tube
and the helium gas for the heat exchang
er with porous material

300 - - e - e e g
senee 10‘lllcr/hl A
e

I
[ovasec 500liter/h //// ‘
[ veens 100{liter/h 7 |
200 | /i
< /}vf/ !
g | V7 |
100 e 1
e
e i
i !
()‘t/ul NTIETETIN TP RIS
0.00 0.03 il)[) 0.09 0.12 0.15 G.18
Length(m)
(a)
300, ‘
seers 10[liler/hi} !
ano )( liter/h
,-\2[)0 saes |00 ]l|(r/h
X |
g \
e
100 R
.
el
. T
IERY e A SR F DV I SRS RR R RE RN
0.00 0.03 0.06 0.09 0.12 0.15 0.18
Length(m)
(h)
Fig.10 Temperature distribution along the

torque tube and of helium gas with dif-
ferent mass flow:(a) torque tube; (b)



EX I R BRI 453

BRoA] ezt exrt 7t
Ag7hae] B4 o @
oA ejel Agatel
Tl &
% wa vee AEIEAC]

&5} 92.7OK0]EE 2o wE A=DS
O Bo] FFadss & -T— Ut Ao B
2l g 579’/hr°IE} )
101] Blﬁﬂ o E.i’]r

e it
)

S
w
e
o
e
Hm

*4011 )& B}%
"lhﬂ‘?’-lﬁ”é" HAAE = Ao
Fig.10ol M= TaEs g8 4% wshrjzd o
Eghy 9 dirtxre 2RR¥E ®olm Utk
FEFo] FNEEE EafE A2F o Lngwe
A48 el ol AREAdRRe] Mxuge] 7

5. @ B

B ol theel BEe 98+ vk

D zHEEAY 4 FaE B Fo shy
ol AwegAl ofsf AE:el FRude e o
Arage $A9, K2 Wl Yol fEol ¥
ue 4gdss aga) Ho}fﬁ SEEC EBRE
WE uYe FAstar 9899 By Eak

Yujo] LEREE 74] Jo}ggouq 5 Y7}

of da@ Yule] #FE 7 + Ak 5 &
FHel BddM AdE Yojel 2age g
Aol &L d¥de VIEo] € 5 jlom, B
AT A RS ugrio] HA o8

2) Bo} ante e g oy ol &
3 AudFAE AYsden, tFdEE 534
Ea= 7]*1] 9l %%%37&?'5}% 1343}01 Ué & AR
ula o3 vl
el—.% 1%5} 73—°r 9% 22% "—‘i?ﬂl‘?l%%*% a4
T AUt

= U

ret

1. Bejan, A. 1974, “Improved thermal design of
the cryogenic cooling system for a supercon-
ducting synchronous generator”, Ph. D thesis,
M.LT.

2. Maron, M. J. 1982, Numerical Analsis, Mac-
millan Pub. Co., Inc.

3. Holman, J. P. 1981, Heat Transfer, McGraw-
Hill, Inc.

4. Clark, J. A. 1968, “Cryogenic Heat Trans-
er”, Advances in Heat Transfer, Vol. 5, pp.
325~518.

5. Barron, R. F. 1985, Cryogenic Systems, Ox-
ford University Press.

6. Handley D. and Heggs, P. J. 1968, “Momen-
tum and heat transfer mechanisms in regular
shaped packings”, Trans. Instn. Chem. Engrs.,
Vol. 46, pp.251~ 264.





