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Numerical Analysis of the Melting Process of
Ice Using Plate Heaters with Constant Heat Flux
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ABSTRACT: One of the cold start problems of a FCV is the freezing of the water in the
water tank when a FCV is not in operation and the surrounding temperature drops below 0cC.
The ice in the tank should be melted as quickly as possible for a satisfactory operation of
fuel cell vehicles. In this study, the melting process for the constant heat fluxes of the plate
heaters was numerically calculated in the 2-D model of the tank and plate heaters. The
enthalpy method and FVM code was used for this analysis. The changes of the temperature
with heat fluxes and the heat transfer area could be investigated. The energy balance error
was found to increase with the heat flux. From this numerical analysis, the proper heat flux
value and some important design factors relating local overheating and pressurization of the
water tank could be examined.

Key words: Fuel cell vehicle(d&AA =A%), Cold start(‘JA1%), Melting(§3), Enthalpy
method( &3 W) Phase change(H 3})
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Fig. 1

Shape of a water tank.
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Table 1 Heat input conditions

Total | No. of heaters =16 | No. of heaters = 32

heat Heat Heat Heat Heat
input | input flux input flux
W) [ (W) [(W/mD | (W) | (W/m®)

5 3125 21,900 | 156.25 11,300
10 625.0 43,800 312.5 22,500
15 9375 65,700 | 468.75 | 33,800
20 1250.0 | 87,500 625.0 45,000
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(b) Heat transfer rate = 20 kW

Fig. 3 Velocity profile after Iminute.
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(a) Heat transfer rate = 10 kW

(b) Heat transfer rate = 20 kW

Fig. 4 Temperature profile after dminutes.
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Temperature profile after Sminutes.
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