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Study on the Heat Storage Characteristics of
A Novel Seasonal Composite Thermal Energy Storage System Based on Energy Cascade Utilization
Chen Yangzejia Cao Xiaoling Yuan Yanping
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  Seasonal thermal energy storage heating technology stores surplus heat from the non-heating season for use during
the heating period, thereby resolving the seasonal mismatch between summer heat supply and winter demand, and improving the
year-round utilization efficiency of solar energy. However, conventional underground thermal storage methods suffer from issues
such as a single storage form and significant heat loss. To address these limitations, this paper proposes a novel underground
seasonal hybrid thermal storage system (referred to as the hybrid storage system), which employs cascade energy utilization to
substantially enhance solar energy efficiency and reduce heat loss. To investigate system performance, an underground thermal
storage experimental platform with comprehensive measurement and control functions was constructed. Key parameters such as
temperature and flow rate were monitored in real time using high-precision sensors, and comparative experiments were designed
between two modes: "single water tank" and "hybrid thermal storage". The results show that the hybrid system not only

significantly accelerates the soil temperature rise rate but also greatly increases the final temperatures at various characteristic
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points, forming a more concentrated high-temperature heat storage zone, particularly in the area between the two loops of buried
pipes. Compared with the single water tank storage mode, in which the maximum temperature rise is only 1.01 °C, the hybrid
storage mode achieves a maximum temperature rise of 12.16 C, an increase of 11.15°C. During the heat preservation stage, the
temperature drop at each depth of the hot water tank in the hybrid storage mode is smaller than that in the single water tank storage
mode. Specifically, at the second layer of the tank, the temperature drop decreases from 9.71°C (single mode) to 6.15°C (hybrid
mode), a reduction of 3.56°C; at the fifth layer, from 5.84°C to 4.52°C, a reduction of 1.32°C; and at the eighth layer, from 2.56°C
to 2.12°C, a reduction of 0.44°C. These results indicate that the hybrid storage mode can significantly suppress heat loss during the
heat preservation stage. Moreover, during the heat preservation stage, the heat loss in the hybrid storage mode is reduced by
26122kJ compared with the water tank storage mode, representing a decrease of approximately 27%. Correspondingly, its heat
storage efficiency reaches 55.8%, which is 3.3 percentage points higher than that of the water tank storage mode (52.5%). This fully
demonstrates that the hybrid structure effectively inhibits heat dissipation and improves energy storage and utilization efficiency.

[Keywords]  Underground thermal storage; Seasonal Thermal Energy Storage (STES); Composite thermal storage; Water tank

thermal storage; Numerical analysis
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Fig.1 Schematic diagram of the seasonal hybrid thermal storage system
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Fig.10 Heat storage and heat loss of buried water tank

RG] 10 P sEEeEds,  mT UG R g 74 3R
GUE & S ORI B & s LA R T R Gt
WX T KA, RAARANNE
N 623533k), E AW KFEE E N 327407K],
PRIR 45 AU B 22 2305 16kT o A1 B HL7E 5 AR B #4
2O 296126k, 2 R iR 45 R R iF i Rk Ik
393017k, R ORIR BT BB G i 2k 96891kT . 1E
B EMEHENT, RAREN 514066k), & gk
55 PR 5 RIS () 7K 48 & B 23 i) v 287055k Al

216286kJ. & M Br#haii g 227011k, RiT#Adi
29 297780kT, IR BOHT I AR 70769k, Xf
Eerr L, RAMAER BAR AR ER D, BHE
A BEFR LR R 9 B 1 #4405 2 35 S S5 AR T 7K A i A4
S, RIS SRS A I TIRT R R E R
STV

B B R T, A il B 207 B A B
AT R IR K A At A PRI 69115kT, PR IE £
23.3%; TELRIRIT B it — P b 26122k7,
BETRZIH 27%. 25RERH, HA IR AH
BRI B ) 3 O 0B HEAMUAE B S AR IR
WA R B S AF AR EFRR T, TEBNAS & Hud R 4
Ae o U VG T RGN ES, 8> BVE
%Ko

X —ATAR BT H A REEP R
i3 B 7K R R BT G i PR 5 TR AR T A
BEBH, (A A XIRAE — e R TR R T Ah
ARG, HIH] T IR T YR R,
HEMMNARGAERE RN 7S R S fE
BB AR RSB, TR E R T RS
IR 5ig 4T R e T

il AR LV 1 5 R G B =R T2 O
OFEFR, R T RGAEE N EAFRE RIS FE H 1
grbtEre, HEMATEARX N (D - 3 Fir.
— MR E, 5w PR B WCE RGE R R AR
AR P RSURTE/N, AEAA SR AR
1, AT R O B A (1) R 48 55 200

0
h = st
© Qe (v
0,=. peVi(T,~T) 2
QCha"ge = J.OT Cpm (T;‘n,s - ]:mz,s )dT (3

Kok O, s Ak AL AL,
kI, R MIE I ORI EE T, ) SIF8 Ak e (2%
BT, ) KA AL O FEETE 5
IKIEFEAHRE, KT, FoRTEFC N, Sl aE
ORGSR . T, NSRRI
L, Co T, M7 HORHUAIRRIRE, C: T, Xy
TSR B R KRR KR, T T AT B
FFAEI KA R AR, C.

EIAR (1) - (3) % RGBT i



FHA0BE S

WrRieEeE, & BT AR IBE T 1T it R Gl VR ST © 653+

B, A9 2P i VB E AR R B ) i R . 45
RRW], EENNBEE R, /KR REN
i HIRR LN 52.5%, TR AR RGIEH R4
TIEF] 55.8%, ESRTE 33 ANEH S BREMN
BLAEHR , AKFEE R R G ARCR G — 0 R g2
36.9%, HEMEHARGNIREFE 42.1%, BHTE =
52 MNE R
RV, B RGAMUAE B
R R m R R A RCR, 155 SRR
BRI U (R EIRFFRE ) o X2 B EE T
A ISR TE SR TE R GBI ) 2 M RE T T 1)
KBS — 5T, HHRE 5 KA I P R A R o
THRE M ERE RS S B, Wb T B R B
BV G555 s 59— D7 T, 1245 M o 70 5 2 i 34 1)
TERLT SR S HABERE, AE% T HE k.
KL, BEMARRGE T “HFREH” 1iE
ZET B AR A T TSR RO R AR . HAE
BN SR BRI MRS, AMUE BT
FET+ R G REAR R, 3G 58 P A R R R RF LA
FRE S, HESRARAL A AR N 3858 7 BOR LA .

3 g

RS T — AR K R i 5 R A
MBS R H M FEFHE AN AS. @
S AUKFIET” 5 CRFE-HIE R E
177 BT S, 20 H T PR i A X 3
WAL fRIRTERE ARG, BRI

(1) R TTH, 4 e
M RFERHA . HSRr—KEHIELAEL, B4
RGEAMLBZE MR T LIERIR T E R, B KRR
T 7 & FHE S R AR, R e E P IR H A
2 6] B XSRS B TS 4 R R R X .
o, RGERIME R E N, A BORE T R
L Bt A U P

(2) HEHARGERRNBERBEMR
T3 — K R A AR R AR B T . BOE B
G RGAE R Z IR UM TR, B KA
EER R R AR . i, EAMNAS
M 4 S AR, ST A5 1A AR
o, $RTFT kR T T S AR R R

(3) R EHPRETH, EERS
() BEAR TR B B AL IO E . SCBe O B, 7R AR

BB, A il #As 2  #bt 2 B K AR i Fuis =
A>T 26122k, [EMEEIEL) 27%. FHRHL,
il PR IE B 55.8%,  EL KA il A Y 52.5%
AT 33 NED N XTI E &5 H
) T REBR, e T RENAES R
K,

Ja Al — B R RAiEiT S
JIBAT RSN E A R KIAPERR R s [F I AT
g A B E B POL R Tk b 35 A L R) R i R BV
&, WERGME G 5 UL N AT 47

SE R

(1] T %, SN, B o0 B, 56 G Al e X375 i Rk 1 A e IR
SR GIT () « BERBUR S BUF ] 5
FHL T2 41,2020,40(15):4881-4892.

(2] TV AR BTT R, S G L X A I SR R
SSRGS () o WMRGIS 25D ).
o [ B L AR 24 4K7,2020,40(16):5126-5136.

[3] BXIE, XA, o WIS R BH BB B8 2= 75 i B R BT 7T
HEFR[I]. 5 RE R FE,2017,5(1):73-80.

[4] Pinel P, Cruickshank C A, et al. A review of available
methods for seasonal storage of solar thermal energy in
residential applications[J]. Renewable & Sustainable
Energy Reviews, 2011,15(7):3341-3359.

[5]1 B, 5K H AT AE 2, 5 vk B vl B 46 1) 5 il B A
LU 5 XU &R G0 A T BE (D). b B R AL TR Ak
2020,40(20):6482-6494.

[6] Christoph B, Ingo D, Peter B. State of technology review
of water-based closed seasonal thermal energy storage
systems [J]. Renewable and Sustainable Energy Reviews,
2019,113:1-16.

[71 Givoni B. Underground longterm storage of solar
energy-an overview[J]. Solar Energy, 1977,19(6):617-
623.

[8] Dalenback J O. Solar heating with seasonal storage.
Some aspects of the design and evaluation of systems
with water storage[D]. Goéteborg: Chalmers University
of Technology, 1993.

[9] Panthalookaran V, Heidemann W, Muller-Steinhagen H.
A new method of characterization for stratified thermal
energy stores[J]. Solar Energy, 2007,81(8):1043.

(¥ 685 T1)



