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Water-Cooling System of HVDC System
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ABSTRACT

This paper deals with the water cooling system of HVDC(High Voltage Direct Current). It is generally accepted that
water is a very effective medium to remove heat losses from any type of equipment. Because of this benefits the water
cooling method is used in HVDC. The water cooling system consists of a heat exchanger, circulation pump and a
connecting pipe. According to thyristor temperature level, thyristor junction temperature is controlled by controlling the
fan of exchanger. In this paper, the water cooling system of HVDC system is analyzed and estimated.
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Prw(& 2] Prantl Number)| 222
vwigel g4 A% 0364 x 10 °m?%/s
k(E712l A As) 0.0281W/( m - °C)
Pr(-&71¢] Prantl Number)| 0.703

v(EN HAE A% 1822 x 10 % m¥/s

Nu, = 0.023Re13:"Pr1.’“* (34)
h = kwNu,, (35)
D
R Z F719) Reynolds = 2] 367} o] 73 A
T AL,
U,D
Re, = 1‘4 (36)

Nusselt 4= 2] 373} o] 282 2= gjr}

Nuy =(04R e} +0.06R 02y Pr' (37)
kNu
h, = - (38)
Ao A A Ry 2 399 o] 7a)a == e
€ wB7|o) W7t sEe A 4125 22 2 qn
1
= (39)
1h, +/h,
Q=AR AT =DR(T, - T,) (40)
Q
o ﬂ'DR ] ( )



266 HOE FEE WGE #4835 19994 6H

()& 7] Foz WEshs Y4 Ud Alxdle 5y
o thele] HEsl] Bokth Yukd oz W Alxgle] H7t
B FHe) otz sl FHrlsjol &17) wiel & =Rl
E Y ev) we AEEE VTR HkE e, 1™
1304 HVDC 4] Aladle] 2% Hie d e #44)
Z9) 2% (Radiator £ &%, E)7} 37.5C% 79 W7t
A (Coolant L&, F)o] LEF 48 57 W¥ziA1d 4 3
EAEL 28 5 9lor F99 227} 37.5T% A5l
Wzbe] g fg50] 2000(L/min.)ol3ke) A1) B4R
o] dAEEo] 1.2/em) A9l A Fal E3&
£ gla Molgl~Elel HE 220t 71E A9 55 & Supet
te 288 &390

NQ{_"

A—\lrﬁ
oy
o
zrﬂ
Yan
it vérlr
IU?L'_)‘;E
=N R
T
Ehwu
20 ok o
= 5
0 gz i
T 0% oL
LI
y Ty ok
ThE
I o
o %
oﬁf@‘mlo
zzf
i
%
(o]

e
it
2
&
P
o]
oo
b
=2
oo
o
>,
i
fatii)
2
>
o dr
i
rod
£

Z [y
L ot
i 2 rio wo x

S
e

&
~
>
b ®orlr o

o

(-N
N
N
ol
4
L

~
£
B
o
o%
_E,
=
N
-
A
R

2
(RN

Tl
:
a

o ol

fo

27 ghgefof she AlARle] & ol
BollA AMadt 82 Aolg] e A
Wy a2]al GTO A W& o83

Alzde] Wzt Al Am A ARE o)EHo d 4
ojzle- 2K AN g3 g Muje] Fda g A2
Abst Al 2A 1 E F Y& Ao AlEETh

2

JE o
&

7]

(
)
2

&
Ao,
Hl

an 2

(1) H.P.Lips,”Water Cooling of HVDC Thyristor
valves', IEEE Tran. on Power Delivery, Vol.9,
No.4, Oct. 1994, pp.1830~1837.

(2] P.O. Jackson, etc.3, “Corrosion in HVDC valve
cooling systems”, IEEE Tran. on Power Delivery,
Vol. 12, No. 2, April, 1997, pp.1049~1052.

(3) Cooper, M.G., Mikic, B.B. and Yovanovich,
M.M.,” Thermal Contact Conductances” ,
International Journal of Heat and Mass Transfer,
Vol. 12, 1969, pp.279~300.

(4) Yovanovich, M.M.,"Thermal Contact, Correlations’,
“Spacecraft Radiative Transfer and Temperature
Control” Edited by T.E. Horton, Vol. 83 of Progress
in Astronautics and Aeronautics, New York, 1982.

(5] De Vaal, J.W., Yovanovich, M.M. and Negus,

K.J. " The Effect of Surface Slope Anisotropy on
the Contact Conductances of Conforming Rough
Surfaces’, "Fundamentals of Conduction and
Recent Development in Contact Resistance.
ASME HTD-Vol. 69, pp.123~134., 1987.

(6] Song, S and Yovanovich, M.M., Relative Contact
Pressure Dependence on Surface Roughness and
Vickers Microhardness ., AIAA Journal of
Thermophysics and Heat Transfer, Vol. 2, No,,1,
pp.43~47, 1988.

(7] Yovanovich, M. M., Culham, J. R. and Teertatra,
P, “Calculation interface resistance”. Electronics
Cooling, Vol. 3, No. 2, May 1997, pp.24~29.

(8) F.P. Incropera, "Fundamentals of Heat and Mass
Transfer, 3rd Edition,

[9) D. Finney, "The Power Thyristor and its
Applications”, Mc-Graw-hill, 1980.

(10) A. F. Mills, ‘Heat Transfer’, Richard D. IRWIN,
INC.,1992.

(11) Thyristor Data Book, ABB INC. 1995,

[12) M. Necati ozisik, ‘Heat Transfer-a Basic
Approach”. Mcgraw-Hill, 1981,

(13) Yoshio Shimoda and Hidetaka Satoh, “Waveform
defendence of Surge-handling Capability and
Failure Analysis for Semiconductor Lighting Surge
Protectors’, Japan Journal of Application of
Physics, Vol. 34, pp.5993~5997, 1995.

(14) "IEEE Recommended Practice for Determination
of Power Losses in HVDC Converter Station’,
IEEE Standard 1158-1991.

(15) Peter Lips, Loss Calculation of HVDC Thyristor
Valve', IEEE Transactions on Power Delivery,
Vol. 3No. 1, Jan. 1988, pp.358~362.

V, = Mpol| 28 e A s,

n = Aol2|2E o) 2d o] F,
1= %37 A+,

R = #ole] 28 571 A,

o = MolT 28] A 57},

= o)) =E) FH2,

R, = A% 2vl A%,

Rzu' = D‘El‘g Xia(} (Rucl + Rm'Z)
C =3 FdAM9 FF (C1+C2)



HVDC A 28)9) 5484 47} A 28] 267

CHT = B i3] Zdixo) 234

m=LI(L1+L2)

LI =Y - A 433 3 F3(Commutating source) A}o]
o] JdE~

L2 =Y~ A 733} Helg] 2F Alo]o] ¢lEEl A

V, =47t H F(Commutation) At

M = X3} 2|dEfe] Aaf

n, =Wy ¥} gHejo] 4=

(X & 2 %)

VI (&RE)

[=3
19963 28 st cystal

f Az T, (AN, 19964 48 BHH HAATZY @A}
k. =8k 2] dEie] Fof &4 19961~ SR) Heiot 7l Molotrel

Q, =T} 2l A4 Hale] Pitgk,
di/dr =857} 03] Aejll A AfFe

lde =424 DC A&7,

Vde =724 DC A4,

R =0l 2] ~H $7} 4%,

W, =#olel 2 Turn-On &4



