(2h=1)

Journal of the Korean Society of Visualization, Vol. 19, No. 3 (99~105), 2021
(Manuscript received : 2021.11.06./Revised : 2021.12.09./Accepted : 2021.12.16.)
DOL:http://dx.doi.org/10.5407/iksv.2021.19.3.099

ISSN 1598-8430 Print
ISSN 2093-808X Online

al
x

B

ClFA EtY Al 58x WE 2850 oigt U+ &
E o
[

Effects of the aspect ratio and inlet velocity on the thermal stratification in a
diffuser type seasonal thermal storage tank

Seong Keun Kim and Sung Yong Jung’

Abstract In this study, the thermal stratification in solar seasonal thermal storage tanks was
numerically simulated. The effects of the aspect ratio (AR) and inlet velocity on the thermal
stratification in the diffuser type heat storage tank were investigated. The temperature distributions
inside the tank were similar with velocity fields. Jet flows from opposite diffusers encountered each
other at the tank center region. Thereafter, the downward flows occurred, and this flows strongly
affected the thermal stratification. When AR was smaller than 2, these downward flows influenced
a further distance and enhanced mixing inside the tank. Thermal stratification was evaluated by
thermocline thickness and degree of stratification, and AR of 3 had the highest degree of stratification.
The inlet velocity effect was expressed with the ratio (Re/Ri) of Reynolds and Richardson numbers.
The second-order approximation was found for the relationship between the thermocline thickness and

log Re/Ri.
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Fig. 1. a) The drawing of the simulated thermal
storage tank. b) 3D schematic of thermal storage tank.

s BAF] Sl Tt freate WA W
Kol A|gk}. ®Ae] {9 BHoRRE
0.25D, Acte 2 HE] 0.15H ol 918 0.0625D
o] deolg 7Ktk 2bs fAle S ARSIl o
Fig. 19l 3A1E ule} 7ro] 4 7)) Whakol A
2 343K 0] §T A X0 ® frife] H=
= AT 7] 8 i 2] 2% 241e
208K = Al om S A =0 A
F t 715t Z3d04] 2 7e] WEFo = wjEo] b
L= ARl fE sl 9 <5 0.0126 mis
Z210) A4 B 2] F-3M|E M7 SPHA] transient 3
A& Aegslar, 93 Aes YeRl= £33
o AdxANA YT S WS dT
o] o3k 4F3ka HlaESiTt Table 12 2 <A
TollA AREE F3uol| mE 7)o} JF
Z28 Yepdc) 712 2yl 50 BuE 5

=

st Agste] U A 8% T
= F3} o5 Ak A 7EY 9
ot 2 (4)¢} (5)¢] A= WA HIE e
W= Reynolds <+ (Re)2} AFAthot A7 &
3} H]Z YERJ= Richardson 57(Ri) S AR&3le] L}
Rl 4= olom Aol A AREE - sl
-5-3R= Re 9} Ri = Table 1 9] YJERHRATE

o O,
flo K1

Table 1. Simulated tank dimensions and inlet velocity
condition with corresponding Re and Ri

Aspect ratio| D(mm)  H(mm) V(m/s) Re Ri
1 5860 5860 0.012575 0.481 24943
2 4651.1 9302.2 0.012575 0.481 24943
0.012575 0.481 2494.3
0.025150 0.962 623.6
3 4063.1 121893 0.062875 2.405 99.8
0.125750 4.811 249
0.251500 9621 6.2
5 34269 171347 0.012575 0.481 24943
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Fig. 2. Velocity contours and vectors with various
aspect ratios with an inlet velocity of 0.012575 mvs.
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Fig. 3. Effect of tank aspect ratio on temperature
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Fig. 4. (a) Typical temperature profile in a stratified
thermal storage tank, and (b) thermocline region
in practical temperature profile
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Fig. 5. Comparison of normalized temperature
profiles along the tank centerline height with various
aspect ratio
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Fig. 6. Comparison of degree of stratification and
thermocline thickness.
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Fig. 7. Comparison of normalized temperature
profiles along the tank centerline height with various
inlet velocities
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Fig. 8. Degree of stratification with various inlet
velocities
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approximation, with R? = 0.9896
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