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Abstract

Packed bed based heat storage devices are widely utilized as energy storage subsystem in energy
systems such as solar thermal power stations. In this work, transient heat transfer characteristics of
heat storage packed beds of spherical energy storage elements were numerically investigated. The
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utilized spherical energy storage elements include smooth spheres, grooved spheres and spheres
with holes. It has been found that heat storage performance of the packed beds of spheres with holes
is obviously better than that of the other two types. Heat storage performance of packed beds of
phase change material elements was compared with that of beds with non-phase-change elements
based on spheres with holes. The results indicate that the latent heat obviously enhances the heat
storage. Influences of hole size of spheres, inlet temperature of fluid and latent heat of heat storage
materials on heat storage performance were also studied in this paper.
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MR TOUR, FARM R AR KT AR AR, (BRI A (e B R . B — A AR
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2. YIBRHFER
2.1, YpBiEaE

AHTFCR A E AR D = 30 mm MR /ENHTEAR, EITER A % RER TR LIRS 100 mm RKE .
BN TR 771527 Partopour [20]42 tISE. Al 1 PR, BEAMEFERE K 150 mm, Jy 7 iE R
HY ORI i RESE 7R PR 520, AE0E 70l TR 1 30 mm A 20 mm FA S o 8 2E BRIE T PR W) B Y
I, fERESRTC A LG 1 1% 18] B LA A% . (T IRGE R N B RE LT, TR R I N i S ) 2 %,
AR 2 AR R, H TR S B BUF & R . 2 AR R T RE G ka5 5h, £
T A X A2 AR ] (K0 250 R B ) S /N AR SE DU AR A% AT R8N 1 TS IR], - R sl 2
e AT FEERHARINER AU T/ R (Gautam S5 EEAY) A7 FL/ANER . ARSI AR AR SR F vk [
SRR, Z AR B AR RE T i B R AR MR (R SO ) B3, IR R L RIS AN, RN
EAARRL, RSP ARG, FIE S A RA & SRR R RS, 3
&R T =R RSH O R O HER R, e S A RO SO0 ER L IREER 2 FLBK, Horh 57 fLERBI7E Gautam
SENHFEAG b, A A IR B 5 . BRAVEARII0N 6 mm, LR L mm, MIFEERFIHEER DY 1 mm.

Figure 1. Packed bed geometric model
1. EFKRJLAURE

Figure 2. Local enlargement of grid

Bl 2. Mi%EER

Figure 3. Packed bed accumulation model (from left to right: spheres, grooves-spheres, and holes-spheres)
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TEAWFRIEAE RS, R ANSYS Fluent fE KRR, BT EARIRN M E IR, T 13 EMEH
iR, AEBIITEhANT A RERE 208, MURMAE R A k-o SST #ERY, Ji 7 FE RS &1 F] SIMPLE 1%
T e . NI N EN T, U RS R 1, 3 7 R A A T 5 A A R T
% 1 AIMAT TR R IS 5. b, SREVE SR E MR RGR R, = o e N g R S0 P A
FERIFAE AL . HRIE A BHRERN L) (B8 R A ML E VS, AR B Li,COsn Ky,CO3v NayCOs 43
HILL 32%. 35%-. 33%[1))i & HUR A TR —okadh, AR N 668.1 K [21].

Table 1. Material physical parameters

F 1L RIS H

R W p (kgim®)  HEE C, (kg K)  SMABL(WIM-K)  FiE u (Pass) TEH(KIkg)
15 18] 1865 1510 0.571 3.22x10°° /

M [18] 2000 1500 1 / /
=IuKE#R[20] 2310 1540 1.69 / 273
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Figure 4. Single particle verification of the relationship between Nusselt number and Reynolds number
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3.1 fEREETERMRETRERETHNE

fEfERe R, HAIRVILEEE N 573 K, NHHRERN 773 Ko AN 0.001 m/s. {EREE &
o NOHREER 573 K, NHIEFEH A 0.001 mis. ¥ 5(a) 7~ 1 AN Al i 47 B 45 FL Ak RE 57 il FE B I (]
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Figure 5. (a) The temperature of the energy storage unit at different axial positions changes with time; (b) The temperature
difference between the heat exchange fluid and the energy storage unit at different axial positions changes with time
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BTGRP RERT IR (R84 . ] 6(b) 2k DU 70 R 1) it B AN ] LA K 7 i BB IS 1] BT 47 4 R

o, SRR KRBT R R R 2, W ALNERIRZ, YIRS/ NER SR>, AR, fil R AT
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Figure 6. (a) The temperature of the energy storage unit changes with time at z = 80 mm for the four packed beds; (b) The
energy storage time and energy storage for the four packed beds

& 6. (a) MUFPETEARTE z = 80 mm ALfiERE B TR B RERTEIZE (L ; (b) PUFMUATEIRIERERT B R fEREE

3.3. JARGA DS RAFT AR

3.3.1. ARG O XHATE R RERI RINT

N VR PE PRI R 2 G 0 R VA T SO SRR PRI AR RE o 5] 7 o 1 SRR R 48 A Ta] BE N 11
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o A /INER F R0 T S TS PR I AR TG K e = BB 78 PR I P B o5 U T ) RS AR A R 5 K. 43
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Figure 9. The temperature of the energy storage unit at z = 80 mm changes with time
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Figure 7. Influence of inlet velocity on energy storage time
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Figure 8. Influence of inlet velocity on pressure drop
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B RERT RIS ARG I, fif e 2R N 111.96 W 340 %) 189.49 W, T 69.3%, N IR EM 723 K F+= 7
773 K, fERERMGIN, fEAERTIEUR/D, fEREER N 189.49 W B INF] 278.43 W, N T 46.9%. XA
YNTVRFETF iy, ek i B8 B o A) e AR 238 K, 17 35 TR (9 B P 3R S IR 2 UE T .
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Figure 10. (a) The temperature of the energy storage unit at z = 80 mm varies with time at different inlet temperatures; (b)
The energy storage time and energy storage of the packed bed at different inlet temperatures
10. (@) FRIANOBE T z=80 mm &b fikkE B TR ERERTIEIEE (L ; (b) FRINOIBE TEFERIEERT BIFN{%AE

3.4. HTMRLEREXRTT RN E

FAAZAT R A E R S 8 PR P RE AL BB o &1 11(a) AANRIEHVE T 2 = 80 mm ALk RE H Tl
FEREIT R AL . 5 AR AEABHKRFE RAR L, A8 T ARAS R RIS FE PR A% RE IS [8] B 4, AT 3
YRR JURAS FITEIAE AR AR AR LG, 1B 18] AL RERE A AR 7] o R KA 22 57t AR 4 R A AR T A
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Figure 11. (a) The temperature of the energy storage unit at z = 80 mm at different latent heat values with time; (b) The
energy storage time and energy storage of the packed bed under different latent heat values
11. (a) AEFEHRET z =80 mm AL fERE R TTRERERTEANEE(L; (b) TRIBHRETEFAIEEER BIFERESE
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Figure 12. (a) The temperature of the energy storage unit at z = 80 mm varies with time under different pore diameters; (b)
The energy storage time and energy storage of the packed bed under different pore diameters
12. (@) NEFLET z =80 mm A fkgE SR TR ERERTEI (L ; (b) FRIFLIZ TEFTIRERERT B FfikRE S
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