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Combined operation mode of the solar hot water storage tank
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Abstract: With the engineering background of Urumgqi region’ s solar water heating system for floor
heating, this paper analyzed the fluid flow and heat transfer processes inside three thermal storage tanks
with different top or obstacle structures numerically in order to make full use of solar energy and improve
the comprehensive efficiency of solar energy system. The alternate operation mode of each water tank is
also discussed. The results show that it is feasible to use the multi-tank alternate operation mode at
different times. According to the thermal stratification evaluation results of the water tank, at three typical
moments(11:30, 15:00 and 18:00) when the outdoor temperature during the typical day is relatively stable
in the region, the reasonable operation mode of the water tank is: at 11:30, 3# water tank (spherical top
and obstacle inside the tank with single round hole) is preferentially operated, followed by 2# water tank

(conical top and obstacle inside the tank with five round holes) or 1 # water tank (conical top and obstacle
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inside the tank with single round hole); at 15:00 and 18:00, 3# water tank should be preferentially
operated while 1 # and 2% water tanks can be used as backup for each other. For users with higher water
temperature requirements but less water consumption., it is suggested that 3 # water tank is preferentially
operated, followed by the 1# water tank. When users generate a lot of backwater and need hot water with
higher temperature, the operation of 2# water tank is preferred. It is of great engineering guiding
significance to operate appropriate hot water storage tank in a timely manner and adjust the fluid
parameters according to the local meteorological conditions so as to make full use of solar energy resources
and improve the reliability of the solar heating system.

Keywords: solar hot water storage tank; alternating operation; flow parameters; thermal stratification;

convection heat transfer; numerical simulation
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Fig. 1 Schematic diagram of parallel water tanks
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Fig. 2 Physical model of hot water storage tank and internal barrier, fluid flow direction of cold and hot water
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Table 1 Calculating working conditions and fluid parameters

A PR EE/K AO#/(m-s ")
it Z1 T W) UR R
oK Bk oK Bk
1 305.95 296.35 0.18 0.10
2 305.95 296.35 0.18 0.18
11:30 3 301.15 305.95 296.35 0.18 0.26
4 305.95 296.35 0.18 0.35
5 305.95 296.35 0.18 0.43
6 331.75 303.05 0.18 0.10
7 331.75 303.05 0.18 0.18
15:00 8 317.40 331.75 303.05 0.18 0.26
9 331.75 303.05 0.18 0.35
10 331.75 303.05 0.18 0.43
11 315.77 303.15 0.18 0.10
12 315.77 303.15 0.18 0.18
1800 13 309.46 315.77 303.15 0.18 0.26
14 315.77 303.15 0.18 0.35
15 315.77 303.15 0.18 0.43
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Fig. 3 Comparison of the results of this study with the results of literature
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Fig. 6 Changes of temperature field in x =0 section with v, in different water tanks (11:30)
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Fig. 7 The distribution of temperature along z direction
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Fig. 8 Variation of Richardson number with inlet velocity of cold water
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Fig. 9 Temperature values of cold and hot water exit at three different times
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