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valve radiator. By constructing a radiator water-cooling system operation platform, two different water-cooled radiators,
electroless nickel plating and non-nickel plating, were used to study the corrosion and influence of the water-cooled inner flow
passage. The corrosion condition and the composition of the corrosion products were analyzed by SEM and elemental analyzer,
and the mechanical properties of the metal materials were studied by a universal testing machine to derive the corrosion
mechanism. The change law of heat exchange efficiency between nickel-plated and unnicked water coolers is also compared. A
test platform capable of evaluating the corrosion performance of the water-cooled radiator was successfully built. Under the
simulation of the test platform, the nickel-plated water-cooled radiator was bright after 3 months of running on the water-cooled
equipment, and there was no obvious corrosion and corrosion marks; Nickel water-cooled heat sinks have obvious corrosion
products on the macroscopic and microscopic scales, mainly composed of hydroxyaluminum, aluminum sulfate and aluminum
chloride. Moreover, the electroless nickel plating cathodic protection treatment can reduce the thermal conductivity of the fluid
during convective heat transfer, and the flow of the fluid in the flow channel becomes a violent disordered turbulent state. The
electroless nickel plating cooling system has better corrosion resistance and can reduce the thermal resistance of the
water-cooled radiator, thus enhancing the heat exchange effect and improving the heat transfer performance of the water-cooled
radiator. It provides a direction for HVDC project application, radiator corrosion and heat transfer efficiency.
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Tab.1 Formula of electroless nickel plating bath

Component Content
NiCO;-2NiO,H,-4H,0 10 g/L
C¢H,05°H,0 5¢g/L

(H4N),S 0.001 g/L
NaH,PO, H,0 20 g/L
NH;-H,0 30 mL
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Fig.2 Images of the internal flow path of the radiator after three months of operation: (a) image of Archimedes helix
corroded without nickel plating; (b) image of Archimedes helix uncorroded with nickel plating; (c) image of Archimedes
helix corroded without nickel plating; (d) image of Archimedes helix corroded without nickel plating
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Fig.3 SEM images of the internal flow path of the radiator after three months of operation: (a) the surface of the
unnicked nickel path; (b) the surface of the electroless nickel plated path; (c) the surface of the
unnicked nickel path; (d) the surface of the electroless nickel plating path
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Tab.2 Radiator internal flow path surface material element content

wt%
Type of elemente Al Si Mg Mn Fe Ni
Surface material of channel without nickel plating 98.61 0.32 0.57 0.10 0.22
Surface material of channel with nickel plating 10.56 0.01 0.06 0.02 0.01 88.34
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Fig.4 XRD of corrosion after operation of the experimental platform
Running time (months) o,/MPa  0,9,/MPa 0/%
K3 HARNDRERABRTYTESE Original sample 270.3 322.8 15.3
Tab.3 Element content of corrosion products on the 0.5 269.8 319.1 14.9
surface of internal flow channel of radiator 1 267.1 315.4 14.8
Wt 1.5 264.2 311.3 14.4
Al 0 H 2 262.5 308.8 13.5
s34 381 35 2.5 260.1 306.1 13.1
3 257.3 303.1 12.0
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Fig.5 Test piece reservoir
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Fig.6 SEM imagines of aluminum alloy sample with different operation time:
(a) 0.5 month, (b) 1 month, (c) 1.5 month, (d) 2 months, (¢) 2.5 months, (f) 3 months, (g) 3 months (with nickel)
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Fig.7 Micrograph magnified 200 times under
metallographic microscope
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Tab.5 Operation index of cooling system of converter valve

Flow/(L-mi ,1) Inlet Radiator shell Input electric Thermal resistance/ Flow
oWk temperature/°C temperature/°C heating power/W (°C-kW™) resistance/kPa
6 26.0 46.5 3093.2 6.63 18.5
7 25.7 46.3 3121.1 6.60 25.2
8 25.7 45.0 3121.1 6.18 32.8
9 25.7 44.1 3135.0 5.87 41.5
10 25.7 43.2 3065.3 5.71 51.7
11 25.7 42.3 2988.7 5.55 62.3
12 25.7 42.1 3009.6 5.45 73.1
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Fig.8 Heat resistance and thermal resistance
curve of radiator flow
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