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Abstract: To reduce the interference of hot and cold water mixing at the inlet on thermal
stratification in the rectangular hot water storage tank and improve its thermal storage
efficiency, a rectangular box-type water distributor that differs from conventional tubular-outlet
designs was proposed in this study. The distributor features an internal rectangular buffer
cavity that enables large-area, low-velocity outflow. A three-dimensional numerical model of
the tank was established using Fluent software. Numerical simulations were conducted to
investigate the effects of opening position and orifice shape for the box-type distributor.
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Thermocline thickness, Richardson number (Ri), and stratification number (Str) were selected
indicators to explore the influence mechanism of distributor structural
parameters on thermal stratification performance. The results show that the opening position
has the most significant effect on thermal stratification performance. For the top-opening
configuration, the thermocline thickness is reduced by 24.75% and 58.02% on average

as evaluation

compared with the side-opening and bottom-opening cases, respectively. The bottom-opening
configuration exhibits the poorest thermal stratification. The effect of orifice shape on thermal
stratification depends on the opening position. Slot-type orifices outperform circular ones for
top and side openings, while circular orifices yield better performance than slot-type ones for
bottom openings. The top-opening slot-type box distributor exhibits the best comprehensive
thermal stratification performance. Compared with the conventional H-type water distributor,
this scheme reduces the average thermocline thickness of the rectangular tank by 12.2%, with
simultaneous improvements in Ri and Str, which effectively enhance the thermal stratification
performance of the rectangular hot water storage tank. This study provides a theoretical basis
for the design and optimization of water distributor structures in rectangular hot water storage
tanks for practical engineering applications.

Keywords: hot water storage tank; water distributor; thermocline; computational fluid

dynamics; thermal stratification
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