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The Analysis of Electrical Conduction and Corrosion Phenomena in HVDC
Cooling System and the Optimized Design of the Heat Sink of the
Semiconductor Devices

Chan-Ki Kim', Chang-Hwan Park? and Jang-Mok Kim™

Abstract

In HVDC thyristor valves, more than 95% of heat loss occurs in snubber resistors and valve reactors. In order to
dissipate the heat from the valves and to suppress the electrolytic current, water with a high heat capacity and a low
conductivity of less than 0.2 uS/cm must be used as a refrigerant of the heat sink. The cooling parts must also be
arranged to reduce the electrolytic current, whereas the pipe that supplies water to the thyristor heat sink must have
the same electric potential as the valve. Corrosion is mainly caused by electrochemical reactions and the influence of
water quality and leakage current. This paper identifies the refrigerants involved in the ionization, electrical
conductivity, and corrosion in HVDC thyristor valves. A method for preventing corrosion is then introduced. The
design of the heat sink with an excellent heat radiation is also analyzed in detail.

Key words: HVDC, Cooling water, Corrosion, Heat sink, Spiral channel water cooling
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TABLE 1
WATER QUALITY MANAGEMENT STANDARD
Water quality management standard
Ttem low middle high
hardness hardness | hardness
pH 70~8.0 70~85 80~9.0
Ca ion(ppm) 30~100 50~200 100~400
Conductivity(
1S/em) < 2,000 < 3,000 < 4,000
Silica(SiOs = | 139 <130 | <30
ppm)
Fe ion(ppm) <2 <2 <2

(KOPEC, Design Manual of secondary cooling system,

KAERI, 1992)

TABLE T
CHARACTERISTICS OF WATER QUALITY
ACCORDING TO MANUFACTURING METHODS

De-Ionized Water
Tap Didtilled Ton
water water exchange Ul\%r:gire
water
MANUFACT | Pre- | Reversr | 10
URING filter | osmosis | T UV filter
METHOD filter ter
Mineral
dissolution 170 0.3 0.1~0.005 0.025
(CaCOs, ppm)
Resistivity
(Moem, 50) | PR 2 0.1~10 182
[Conductmty( ] [05] [10~0.1] [0.05]
S/em)]V
Silica(ppm) 1 0.005 < 0.01 < 0.01
Heavy metal
(ppm) 1 0.005 < 0.01 < 001
CDOM (ppm) 12 <1 <1 <1
Microorganis
m > 100 <10 > 100
(cfu/mL)
Grain >10,0
(=5pm/mL) 0 <100 > 10,000
Price Low — High
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Fig. 4. Electrolysis diagram of H,O.
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TABLE I
RELATIVE IONIZATION TENDENCY OF METALS
Metal-metal ion | Electrode potential to
balance hydrogen electrode
(Unit Activity) (25, volts)
Au-Au® +1.498
Pt-Pt" +1.2
Pd-Pd* +0.987
Ag-Ag’ +0.799
Hg-Hg,” +0.783
0 Cu-Cu™ +0.337
Noble .
direction H-H +0.000
Pb-Pb™ -0.126
Sn-Sn*? -0.136
Ni-Ni? -0.250
Active Co—Co™ -0.277
Cd-Cd™? -0.403
direction Fe-Fe' ~0.440
! Cr-Cr® -0.744
Zn-7n*? -0.763
Al-AL® -1.662
Mg-Mg" -2.363
Na-Na' -2.714
K-K' -2.925
Ak %, ol 28 JEst $71e e
oAust Ed7(1EY] 4 L, mee 2 M-)o] A
Folrbol o) W] AABE(EY BA Q rEe
24 Re)ol 949 1, 182 dos)E AABE 4
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Fig. 5. pH-potential diagram of Al, Fe, Ti, and Cr
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TABLE IV
ION CONDUCTIVITY IN THE WATER AT 25T
N K NI * H CH a Ny~ | 850F
50.9 745 745 350 198 75 70.6 79
K+
700 sa‘: T T T T 1
600 |- 1/2C17F
(0
500 [~ NO3
1/2502"

Equivalent lonic Conductivity [cm? - mol™* - Q7]
Inverse Dynamic Viscosity [Pa™!+ 57

0 10 20 30 40 50 60 70 80 90 100
Temperature [°C]

Fig. 6. Temperature dependency of Ion conductivity.
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TABLE V
EFFECT OF THE FLOW RATE ON THE CORROSION

Material Corrosion speed, mdd
1 ft/sec | 4 t/sec | 27 ft/sec
Carbon steel 34 72 254
Aluminium 9 105
brass
70
Cu-30Ni(0.5% <1 <1 39
Fe)
Monel <1 <1 4
Stainless
steel-316 ! 0 <1
Hastelloy C <1 3
Titanium 0 0
A 4= 9led 2EJd A%, HEly 5 FEH &
%9 7% F3H(Hydration) Aol F&xH AgH
FEetsta] o] ol mrol Sol 9§ =44
ox BHHol F&HEEE}F Wkl £ glonR o
of gigt &4 T BAIE AASte #ExE o,
ojefof ZH|QlH 2= FFo] Aol Az A
BAADLANA Cr ZHoZ JAVE =508 AEsho
W2 gol Aste = AAN-A I Wbrel SE5EH ALol
o] AfAel &% (Turbulence %) o2 whE7F 239
A2 52 (Erosion  Corrosion)©]  Ql=d] # 58 9]
7i0,9) Ao Bebre] AR A f2E Aow
SeA gk olsh ol WAl Aol Y= &)
Aeln gRede] #As, 44 So AH AA7 Be
st}
HVDC %74 RE(transmission modules)ol| ] A}-&%]

2o AZ=E7F 015 uS/em %
3lo] AFE-3F= Platinum Grading A =H(20~
dFuE ddHozRE g8 Al
FAAALe]  Fslell 9JF  o:==o| Hydrated
Alumina® HZA¥™ TMAT(tetramethylammonium-p-
toluenesulfonate) ¢} #2 &4 S HI7stAY
allE Alel FEo] HlE e CO, 7IAHE W2
Pulse Doping¥o.24 FsfdFuvte] MES A3
=
A 2 i B Al2"oA t7] FE o
ArsteraE Wzbee] pHeF dELe & ks 71AH
A 5 Wzke A 2Ee] 7S Astsh A Uit
Wz QA e npaas AXE Flo] kst
AA Al G, AARE2A(ZE), FA
e AMEFS Abm Hojof Bt} e
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Aluminum heatsink
PEX hose
‘0’ Ring Nylon nul
Fig. 7. Alstom grid coolant hose termination system
(Thyristor Valve).

Fig. 8. Plain channel water cooling jacket.
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Trimmed mesh : 102,823 7H

(a) Plane channel type

Trimmed mesh : 186,659 7H
(b) Zigzag channel type
Fig. 11. Trimmed mesh of solid area.
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TABLE VI
PHYSICAL PROPERTIES OF WATER AND ALUMINUM
Water Aluminum
) 976 2702.0
Density 5 .
kg/m kg/m
» 4181.7 903
Specific heat
J/Kg-K J/Kg-K
= 0.620 237
Thermal conductivity
W/m-K W/m-K
o ) 0.00088871
Dynamic viscosity
Pa-s
Turbulent Pr Number 0.9
a9 132 4R Qdojr FuAl wew g9
o] ZERIE Y ot w4 HIFI8W)=
ol7peta, FY3 &%(4957)9 WSS Fd3 3%
(Ikg/s)o2 8 A5 AaAT Ad $gute] &
d¥ 227 F9 Ad HERET o vEA YEepdr)
FUAA AAFTHA A F7)el oF Wzke S UuAE
2 RAR S UL vF A3, A BE SIS Y7
ol oA AAR I Tt

Polyhedral mesh : 678,171 7H
(a) Plane channel type

9

Polyhedral mesh : 658,307 7H
(b) Zigzag channel type
Fig. 12. Trimmed mesh of solid area.

Tout =53.84°C

Tin =49.507

Temperature (0}
79500

49.500 58.600 69,700 59.900 109.00
2 1

(a) Plane channel type

§ QCO‘HU

Tout=

Tin = 49.50%C

Temperature (C)
59.600 £9,700 78,800

48,500 85. %00 100.00

(b) Zigzag channel type
Fig. 13. Temperature distribution of the surface of the
water cooling head sink.
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Temperature (C)

80.000 84.000 88.000 92.000 96.000 100.00

(a) Plane channel type

Temperature (C)

80.000 84.000 88.000 92.000 96.000 100.00

(b) Zigzag channel type
Fig. 14. Temperature distribution of the heating side.
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Fig. 15. Thermal modeling of the heat sink.
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Temperature (C)

49.500 59.600 69.700

79.800 89.900

(a) Plane channel type

100.00

Temperature (C)

49.500 59.600 69.700

(b) Zigzag channel type

79.800 89.900

100.00

Fig. 16. Temperature distribution of the back side of the

water cooling.
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TABLE VI
SUMMARIZATION OF CFD ANALYSIS
Plain Zigzag
channel channel
Heat source 18 kW 18 kW
Mass flow rate 1 kg/s 1 kg/s
Input temperature 495 C 495 C
Output temperature 5334 C 5388 C
Channel pressure loss | 0.122 Mpa | 0.283 Mpa
Average temperature . 5
of the heating surface A T 871 C
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(a) Plane channel type

Temperature (C)
49.500 51.600 53.700 55.800 57.900 60.000

(b) Zigzag channel type
Fig. 17. Temperature distribution of the refrigerant.
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(b) Zigzag channel type
Fig. 18. Speed distribution of the refrigerant.
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