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Numerical study on thermal performance of packed-bed latent heat thermal
energy storage system with bionic-calabash-shaped capsule

ZHANG Guoliang, LUO Kang, WANG Fugiang, DONG Yan, CHEN Xudong, SHUAI Yong

(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; Following the background of " dual carbon" energy with peak carbon and carbon neutrality, conventional
heat storage capsule with phase change materials (PCM) and latent heat thermal storage system ( LHTES) with
packed bed cannot meet the current heat storage demand. The application of bionics in the field of heat storage
offers a new approach to improve the heat storage efficiency of the capsule and LHTES. This paper introduces a
novel bionic-calabash-shaped capsule for thermal energy storage units to increase heat transfer surface area and
improve the thermal performance of LHTES systems. Firstly, the influence of optimized dimensional parameters of
the biomimetic gourd unit on its melting characteristics is analyzed to determine the optimal dimensions for
achieving desirable melting characteristics. Secondly, the analysis of temperature distribution, liquid fraction, heat
storage capacity, and other performance indicators is conducted for LHTES of conventional sphere and biomimetic
calabash. The results reveal that the bionic-calabash capsule can increase the heat transfer area by 14.5%.
Compared to the traditional model, the liquid phase fraction and heat storage completion rate of biomimetic model
increase by 12.67% and 6.2% , respectively. On this basis, the influence of inlet temperature and flow rate on
system performance is analyzed, and the results show that the inlet temperature significantly impacts the system's
thermal storage performance. A 15 K increase in the import temperature leads to a 59. 6% reduction in the thermal
storage time for the stacked bed system. This study provides valuable insights for optimizing stacked bed LHTES
systems and enhancing their thermal performance under real-world conditions.
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Fig.1 Mathematical model of bionic-calabash capsule

D7 HEH RSN R 20 A2

{(x—r)2+y2:r2,0<x<r (2)
[x=(L+r)]" +y =R’ ,x,<x<L+r+R
R,r, L 2T PR 5%
r<RHR-r<L<R+r (3)
o FHAE A AR (a0, 70 ) TR A0 T KR,
x, =rcos 0
{ . (4)
Yo =rsin 0 +r

HIAY T8 B IEARIE G R

P+l -R . 3
COSHZT,SIHHZN/I—COSG (5)

1.3 YEHRRHREH
Xia 252 41 H T 00O BUA KR Y | 2 M 8 ] 1)
iR AR LHTES RGE i g HES IS O, % e
A1 LHTES R4 HA b vk, B AT i BUR
REERHET = RGBSR E T g 2501
Bk, AP
Voew  1ap(4/3)m(d/2)°
Ty T w2
Speu nzp'“'(d/2)3
S T w(D2)H
Ao HILBR VN = RS T BB S b 4
RGN IR, n WAEHRERITECR , d IS
HAR,D NMERUR EAR, H A3 ERUR = B
B2 S AR P HERUR R 48 Bk HERUR 7R
B, AT 505 R HEBUR RGEHEATR I, U5 AE
FRITSRIE R HIM A TR N 1.5 m RN
0.5 mPBAE K FE | KRS 9 o 150 T o AR A4

(6)




. 126 - R

wOL Wk K

»e

»e
7

=

Eild 56 3

R O, AR AR OT R R ST A =19, 34 mm,
L =49.00 mm,R =32.13 mm, 7EA54#H KR ICY
BOE SR FIE OO, O A2 8 A AR R ot i
AR LEAHESROE SOt i 1 14. 5% , R N BB AH
B AR it AR [B] 4 A AN 7E 53

et et A
h 4 _ _ A 4
::::::::3 ) %T{M%ﬂmmm ':':‘:‘:‘:‘
SRt | e |

I : cceee
SR8 |15 TN :0:0:0:0:0:
Qeeees | |, ceeeee
Ceees| | N e eee
SEtte | | xS |eeieeel
SBeRB| | HarcM o000

e BRI
v £
M2 BAEARREELRE

Fig.2 Schematic diagram of packed-bed LHTES system
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Fig.3  Grid independence valudation of numerical packed modal
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Fig.4 Comparison of numerical and experimental results in temperature
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Fig.5 Heat storage performance of PCM capsule of different methods
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Fig. 10  Temperature changes along the height direction of a bio-structure LHTES at different inlet rates
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Fig. 11 Temperature changes along the height direction of a bio-structure LHTES at different inlet temperature
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