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Influence of the number of divisions and the calculation time interval
on the temperature distribution in a multi-connected complete mixing type

of hot water storage tank
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Abstract

Heat pump water heaters have gained significant popularity in recent times due to their high
efficiency and long-term cost-savings. However, in order to further increase the efficiency via practical
simulation-based methods, it is necessary to accurately calculate the temperature distribution of the hot
water storage tank. This distribution calculation must also take into account the use of multiple heat
sources, and cases involving thermal stratification when using solar heat. In this work, we investigated
how modeling the temperature distribution in a multi-connected complete mixing-type storage scenario
is influenced by the calculation time interval, by the number of virtual divisions, and by the flow rate of
the heated water. Our results revealed that: (1) simply using a short calculation time interval does not
contribute to improved model accuracy; (2) although a larger number of divisions can contribute to
accuracy, the contribution is not so large; and (3) if the individual temperature-distribution relationships
of the number of deviations, the calculation time interval, and hot water flow rate are appropriate, an
accurate temperature distribution can be computed (i.e., there is no change in temperature gradient due

to interactions between the factors). Finally, I propose a variable-time calculation method using the

individual relationships of these factors.
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(a) Time history of the temperature

(b)Temperature distribution
Fig. 3 Ideal temperature distribution (plug-flow) of
calculated results
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Fig. 4 Temperature variations with calculation time interval
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Fig. 5 Temperature differences with calculation time
interval
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(a) Time history of the temperature

(b)Temperature distribution
Fig. 6 Temperature distributions with calculation time
interval
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(a) Time history of the temperature

(b)Temperature distribution
Fig. 7 Temperature distributions with number of partitions
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(a) Number of calculations

(b) Standardized by layer capacity
Fig. 10 Relationship between the number of calculations and

the temperature to be reached
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Fig.11 Experimental result of water heating
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Fig. 12 Relationship between the number of calculations and
the temperature to be reached
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