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Effect of an aspect ratio on thermal stratification in a solar seasonal thermal
storage tank

Seong Keun Kim and Sung Yong Jung’

Abstract In this study, we numerically investigated the thermal stratification in solar seasonal thermal
storage tanks. The vertical in/out flows were unsuitable for the thermal stratification in a large scale.
The effect of an aspect ratio (AR) on the thermal stratification was investigated. When AR was less
than 2, water adheres and flows along the upper wall due to buoyance and the surface effect.
Thereafter, hot water flows down and a large scale vortex occurs in entire tank. For high AR, jet
flows ejected from the inlet pipe impinges to the opposite wall and splits. The divided flows create
two vortex flows in the upper and lower regions. These different flows strongly influence temperature
and thermal stratification. The thermal stratification was evaluated in terms of the thermocline
thickness and degree of stratification. Compared to ARs, the maximum degree of stratification was
obtained with AR of 5 having the minimum thermocline thickness.
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Fig. 1. The drawing of the simulated thermal
storage tank
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Table 1. Dimensions of the thermal storage tank

Aspect ratio 1 2 3 5
D(mm) 5860 4651.1 4063.1 3426.9
H(mm) 5860 9302.2 12189.3 17134.7
V. (m/s) 0.0503
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Fig. 2. Comparison of temperature fields when
in/out fluids flow along horizontal (left)
and vertical (right) directions (H/D = 3)
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Fig. 3. Effect of aspect ratio on temperature
contours
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Fig. 4. Velocity contours and vectors with various
aspect ratios
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Fig. 5. Typical temperature profile in a stratified
thermal storage tank
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Fig. 6. Normalized temperature profiles along the
tank centerline height
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Fig. 7. Comparison of thermocline thickness and
degree of stratification
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