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Fig.5 Comparison of experimental and simulated values of

water temperature at different heights in seasonal storage

HIPL 5 Al 5 BLAG R S S ) & B, B
FJEWANIN S AR S B R 2, E
BRI RED R S R RS2 PR AR
SN, X 7K R e S G B — S R, TRIAS SRS
TR 8 S /KRB SRR 5 21y

.74 -

2024,42(1)

e ROKARAS Z KR SE 0 (A SR A RIS
it 1.0 °C, EROCMHR R Ge ik H H R R 5 iR
ZEAMIT 3 C,

HE 4,5 AT, R BH B RS 2= i/ HEIR R Ge 05
FREF- 5 BME 5 SR &, BRI
SR ) B e SE PR R G BB A TR S Ak
e A PR
24 R FEAR

A AL PN [RlAE 1 7 SR W it 227
SRR SRR, A SCR LA T Fatnxt
RYNEREHAT M SN

ORI EM AR G A AT A

T2

Qrm,uhs: J cp,w. m- ( T‘r(r,nul_ﬂ'(r,in)dq- (5 )

St e KK B K/ T o, T 5130
WA |t UK, .
QU
n= (©)
@O R

_Qu
n=0. (7)

Kb Qu M Z T HUKIR N T RE R AR 1, W,

DAHEHRA IR A

Ex=m | (hin=hou) =To(Sin =S o) ] (8)
K. Ex, F il BOKARIR S A KT hi, R B FAOK A
A UK HRE k) kg s how AP 17K B HE
5o klikgs s R AEFROK AR A K 9 O L k) (kg -
K) 500 AR T KA O K/ (kg - K) 5me
R FEIAB B S A K T ke

675 NG

Ex =M [ (u—u;)-To* (s—s;)] (9)

K Ex, AEHOKARI R KT 5w IAERK IR R
LR IKIY LN BE k) kg ; us R EERKAERT GRS
K LLINRE k) kg ; To MRS R AL U
HNIREEZS SR, °C 55 AR IR B LR IR Y
Fb k) (kg -K) 550 R il ROK AT G TR 57K A9 L
5, k)/ (kg K) s M AR N K B i ke

ORI TEIAB Bl R0%

Exsl
v= Ex,

DIy Z Z R
I RE 32 R B TN KR K I

(10)



I

E8,%

AT K AR R AR R R SR B AT R %

GYIERRRE, A8 SCH RS ZIT- A B RR B S R B
Z20ak A B 1) LA R
Str:i—@
(0T19z)
3 BERIGER5SH

K BHAE AL Z2 Ge 4L P8 R I (321 7RI A
FEE T ELIETT | RS TR AR i i s 1T
3R, ARSCEETLL L 3 Fhia A m K FHAE
ST /A R GG A TR IZ T THERE S ) | (3
X R BHREAE AR RE 5 25 i UK AR BE 3 )2
AR 52N 55 3 TP S B SR an T

OE M EIELLBIT(CONT) , Y (VL[] ELS4E
HEJ32 ) DNT 35 F 55 /N e ShE T (200 W/im?) , 42 34
PEAFIE 3N, B UBUE T IR s AT, BRIy
it oK THZ 15 B 5 T 90 Cal DNT /N T/
E, IEI IR 1B AT,

QIRAFIZ1T (CON 1), B4R 22 R EEilia
1t B AEAE R K HRED, /D 2 3 T 000 T 1
IR E G B, A SCH H —Fh ek A iR 121 T
>4 DNI 35 2/ INE SIHERT  JEP 5 3 H LR/
BEE i (0.3 {8 i )ig 1T, R 1 O
TR NS AT i HOK AR TR K IR 2 RIR 22K F
PR 22 (10 °C) B, 16 PR 28 LA 2 i 3B 17 5 24 I
PR Y R 2 B AR AR T 7K Tl 2 )k
22/NTF R RIE2Z (0 C) I, IR 5 M e/ NSERE
i (0.3 f5AE Tt )ist T , P52 W UK IR TIZ
T R T 90 C DNI/NFi/Ne s, 16 3E
15 1Ei81T

G R E IS (CON ) , 24 DNI SAF
/NASHERE, TEFSIE 3 H DR/ NECE i (0.3
FEA R I ) A8 AT, 38 VR R (e g i 1R
BER BB, A SCRE hy e TS 2 oK ik
THHRZK I 10 °C, 25 RS 45 B BH ) IRV 2 (i PR 2 i
RN 1.1 e,

3.1 RAEBMT ZGMBaEHraoir

Bl 6,7 o T ARSI SRS T g st T
RS AEE/INHERGE X L, AR SCERE 6 A )y —
BTN IR 1) S GBI T 0BT o (35 21 f A
IKARTER AR ) Ty (W FAGS A TKIR ) T 5351
BEE 80,60 C,

Il 6 T, FEAR it e s A 7, AR
FRLE T, AT EAE 90 °C, B T 245 il 4k

(11)

Vi /m? - h!

o

—T,,_CON I

— HFow_CON T —— DNI

—-T,

P D ®©
(=3 (=3 (=3
S (=} S

DNI/W - m™

553
(=3
S

oL L L L L 2, 0
8:00 10:00 12:00 14.00 16:00 18.00
FF %)
(a)E M EELHETT
201 110 — 7. CONT S — 800
100f  — Flow_CON II ——DNI
R z
] _,D:\ESO' . =
2 840 H Z
30p ‘ 1200
2 1“”1 \
100 h i 11 1 i
ol otl. ; ‘ . M lo
8:00 10:00 12:00 14:00 16:00 18:00
HF %)
(b)WRFEETT
20r 110 — T7,CONIl —---7,. --—-T, 800
100F Flow_CON Il —— DNI
4600
= "z
T'\; {400 &
i g
B g
4200
oL L L L L i AL
8:00 10:00 12:00 14:00 16:00 18:00
MFZ
() AR i e TRAs 1 T
B 6 AREIEITREE THRMAFBHISITRE

Fig.6 Operation status of receiver under different

250
200

- 150
<
e

09
=100

50

E7 AH

control strategies

EZECON |
SYCON II
ZZCONT |

ZN 3 2N

0
PSPPI PSS
07 AT BT 9T QT BN AT AT AN 4B A"

A %)

IBITR M TR SRR RERTLL

Fig.7 Comparison of collector performance under different

control strategies

<75 -



T RERETR

IKARTIER KR 10 °C, [FIFE  FERFEE BT, R
JEXE 80~90 °C, FE/E ML i LLia T, IR Y
PR R R BHEE S A fb i As ik, B A miFhiz
FIORmE N TR, AR T B Gk
PRI TR K, 3 BT IR AR 1 4 R IR
I3 5H 73.8% ,69.4%H1 73.5% ., IRIERET | ek
e G IS PR N L S IR IS
IR B AR T bR IE, (AR AE e/ N
TFAEAT , BCRBAR H AT I N 2K PR SR
R H RS e ST, /N AN R
TR T AFAE R 0 25 5 s IR A, XM PR B s 1R
W v T aAIG TR 22 0 6 2128 119 3 i (Flow—CON
10) H PEARFUE it A/ N i 2 [RIIR S AR T B o
TRAE TR KRR EE > T IR, HAR S E
T hRaE . ZIRBIREOR, SRS T,
SLis AT AR i IR AT R esis frEfE
.
3.2 XEE AR RORAOPE AL R e AT
THRERSCRIE VTN B 2 1 UK A e MR RE Y
—ANEHLHRIR , 5 SRR RE , UK IR
PRI E R 2 R AL 42 ik
KPR N BE 5 ) e TR 2 M e IR BE BRI, (i
POK R EA T = RO ARSI S | 52
T E KA 1R 43 2 SIS il G fE =
POEMERSEI A T A AT R AE 1 TR
Xt 5 AT G HROK AR RE ARG SZ M, AR SCh (1) IR
JE 43 2O 5 2 A PO AR TELRE 3 2 HEA T PR
TEEZLEATH, 2 DNIL & T 200 W/m? ], JE 3R 5%
PMEE R IETT, 7RSO & FBORALR Y
B R BT 2 1 B UK AR T K I, DL 8

1.25

0.90 . . . . s .
6H22H 6H24H 6H26H 6 H28H
ER)
E 8 BFENMHAKEREESEHEZN
Fig.8 Variation of temperature stratification numbers of

seasonal storage

.76 -

2024,42(1)

A 8 mI %, 6 H 26 H A RIEEE Y #UK BRI
T EEF KR TR, FEOKRPNEHOK
Sk g AEBiR, s iAok RN ey
FHRE R R B 3 22 IR [RIs) RIZ TR A
HEER TR 2 A BT T A R 4% TR BE 2 A i A
B, R, LT T B UK RS 3
P, EFLLELEETHE, WU R E5E , % 1B
FRER IO TP BB I 5 21 i BOKAR IR 43 )2
A i e A PR RE AR
3.3 ALY AT

DIV RVES G 00R il , AT AN
[FIZ 1T T RGUBATRE, I TR ik
BRI 2T A AR AR ) i A RE R A RICR , L
DLHAE R RGVERERIPMAE AR AT LU, Tk 2
PR . X RGEHATEEA AR T, WE 9 BF
TRo

%2 EASRELEITHRM T REEAERT L

Table 2 System performance comparison under different
operation strategies in the heat storage season

WSS EEETERUKIE S REROR I

(752N N N N
PEHEI% TR % IR 1%
CONT 80.7 63.5 53.20
CONTI 78.8 64.9 56.31
CON III 81.2 65.5 58.02

B9 fEASAREIEITREE T RAIRAIERE
Fig.9 Thermal performance of receiver under different

operation strategies in the heat storage season

HER 2 AT, X R GUTE K B RE A TR 2=
ST A B R PR RE  ZEAR AR R AE IR AR
AT IR N 5 2 i KR I B PSR 1
A 81.2%F1 65.5% , fli#Zs , AR ABCRAENH
ITERIIH — BB TR, FRZREF g
AT R i R B N, (HAE AR R s
11 AR (10 A ) ARl A5 78.2%
MR R 10 H R R 73.4%, BEE
WP TAETRE TR, AR A R 4%



I

E8,%

B 2 A AR ARCR 22 AR R, T SHETT
T, AR A IR AR RICRAIR T4 3 e A
3, FEEF ELGEAT T, s AR R K
PR REAR AL | 3 A AR AR D IR 43 J2 R ik
POK AR IR B A iy, T SO AR PR A I 3
AT |3 BT AR e TR AR U H At
A PH BB AR VR AN 5 2 i UK (AR 1Y)
RE R RCRAARCR I A I B, e R
BR, BB A ROKIR I IRCR G Skis 1T T
e 4.8%.,
4 4Eig

TSR] 12 17 SR Mg X it A 7R K PH B
B AEMEA R SRR I, A ST RS
SIS HARAY JF R TR B, R R
— S R AR OGT K B B I 2R B/ A R S
RESEATIEA L EAb , I8 15 ZE T i AR AR EA T T B
HASCRIE 153 LU R 4518 . O K
RS BT/ A R G PERE ST . K BHAEMGARY
FR) ST 24 SRR3R T At R KR A i PR 4 5 A
81.2%F1 65.5% ; QTEAH A A H LT, 5 Z= 1y
SEPOKIRAIREE 73 2 RCR G, n] oA b it
2] HRE M I a1 T T, th FIaids
PR R OR BRER IR 2, 23 30 =0 itk ik
BEN 2O TR, RAFRYIET T3 T A R4
S AT HOKIR I RCR, AR N i
POKAR IR BOREEE B IE LB T 8 4.7% ; Q5
I T2 A7 50 W5 X W AR A PR AT B R i,
HIRAEAEATER I, A8 it TR A U R s A
H XA PSR R AT $E 5 4.8% L I,

Sk

(1] VERERAETREREST O o AR B AR B A SR WFAY
A RLACET . E A Tl M, 2020.

[2] Hasnaoui H E. Control strategies and performance
analyses of a central solar heating plant with seasonal
storage [D].Massachusetts; University of Massachusetts
Amherst, 1996.

[3] Quintana H J,Kummert M.Optimized control strategies

[71

(8]

9]

[10]

[11]

[14]

[15]

AT K AR/ B A SR A AR R R R0 1B AT R0

for solar district heating systems [J].Journal of Building
Performance Simulation,2015,8(2):79-96.

ZEARIN BRI | E R ORBH AR i A LR R ¢
PERERFFT I BB HE AR, 2020,42(11) ;44-50.

Rehman H,Hirvonen J,Sirén K.Influence of technical
failures on the performance of an optimized community—
size solar heating system in Nordic conditions [J].
Journal of Cleaner Production,2018,175.624-640.
Rosato A,Ciervo A, Ciampi G,et al. Impact of seasonal
thermal energy storage design on the dynamic
performance of a solar heating system serving a small-
scale Italian district composed of residential and school
buildings[J].Journal of Energy Storage,2019,25.1-22.
Hirvonen J,Rehman H.Techno —economic optimization
and analysis of a high latitude solar district heating
system with seasonal
community sizes[J].Solar Energy,2018,162.472-488.
RV, 5 2R K A AROR B RE AL 1 R e REAL WY
[D]. K% : KIEFL T K2, 2015.

i 2 K PH E 7 AL 8 B PR BT I 4% S 1Ty
PEBEFED]. L1 . L Hsgii R, 2016.
G,Rosato  A,Sibilio  S.Thermo

sensitivity analysis by dynamic simulations of a small

storage, considering  different

Ciampi —economic
ltalian solar district heating system with a seasonal
borehole thermal energy storage [J].Energy,2018,143.
757-771.

Wl EE 0 A AR — PR T A R AR R B R
FHEEHLI RS [P+ E %] . CN205593045U,2016-
09-21.

VR 2 PR RO B RE AL JR G215 47 835 B
FE[D]. K KEBE T K2,2018.

Li X,Wang Z,Li J,et al. Numerical and experimental
study of a concentrated solar thermal receiver for a
solar heating system with seasonal storage [J].
International Journal of Energy Research,2021,45(5);
7588-7604.

Bai Y,Wang Z,Fan J,et al. Numerical and experimental
study of an underground water pit for seasonal heat
storage[J].Renewable Energy,2020,150.487-508.
Fernandez —Seara J,Uhia F J,Sieres J.Experimental
analysis of a domestic electric hot water storage tank.
Part I: static mode of op—eration [J].Applied Thermal
Engineering,2007,27.129-136.

77 .



B HERESR 2024,42(1)

Research on the influence of heat storage operation strategies on
the performance of integrat—ed energy system based on
the solar energy storage and heating

Zhou Xichao', Li Xiaoxia®®, Li Zhen', Wang Nan', Zhao Pengxiang', Cong lin', Qiu Husheng’,
Xu Tao*

(1.State Grid Integrated Energy Services Group Co.,Ltd., Beijing 100052, China; 2.Institute of Electrical
Engineering, Chinese Academy of Sciences, Beijing 100190, China; 3.School of Energy and Power Engineering,
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Abstract; The solar heating system coupled with seasonal thermal storage is a promising solution to
solve the seasonal mismatch between the solar energy supply and heating demand. The thermal
performance of the system in the heat storage season has a significant impact on the system’s annual
operation performance, and has a direct impact on the discharging process of the seasonal storage in the
heating season. Therefore, based on the solar heating system coupled with seasonal thermal storage in
Fanshan Town, Zhangjiakou, a dynamic simulation platform is built. The influence of different
operation strategies on the performance of the system is analyzed by experiment and simulation
methods. Results showed that the control strategies were significant for improving the heat collection
performance of solar receiver and the exergy efficiency of the UWPS. The stratification of the seasonal
storage has an impact on the collection efficiency of the receiver, especially at the end of the non—
heating season. In addition, at the end of the non—heating season in typical year, the monthly solar
collection efficiency could be increased by 4.8% in variable flow control compared to the temperature
difference control.
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