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Numerical Simulation on Dynamic Characteristics of
a Water Heater System Driven by a Heat Pump
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ABSTRACT: A dynamic model of a water heater system heated by a heat pump was devel-
oped. The water heater system was composed of heat pump and hot water reservoirs. Finite
volume method (FVM) was applied to describe the heat exchangers. A new constraint on
electronic expansion valve (EEV) or thermostatic expansion valve (TXV) that can control su-
perheat after the evaporator was developed. Dynamic performances were evaluated for various
sizes of the reservoir. In order to compare those performances, time scale was normalized by
time constant representing the characteristics of reservoir size. Time constant was determined
from quasi steady-state simulation of the system. From the simulation, the size of the water
heater reservoir was found to have a large influence on the transient performance of the sys-
tem. Therefore, the optimization of the reservoir size is needed in a design process.

Key words: Water heater(2<7]), Heat pump(¥ ¥ X), Dynamic simulation(F3&]4]), Quasi
steady-state simulation(F %348 #14), Time constant(A] FA<)
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Fig. 1 Schematic diagram of water heater
system driven by a heat pump.
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Fig. 3 Flow chart for dynamic simulation of a
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Fig. 8 Maximum mass flow rate, compressor
work, and heating capacity with respect
to set temperature of hot water reser—

VOIr ( T oy =20T).
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Fig. 9 Temperature change in hot water re-
servoir under hot water supply condi-
tion with respect to operation time for
different size of reservoirs.
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Fig. 11 Transferred heat from the condenser
for various reservoir sizes with re-
spect to the normalized time under
hot water supply condition
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