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Study on Thermal Storage Performance of Phase Change Water Tank Considering Heat Loss
Zhao Ning Cao Xiaoling Zuo Peixian Li Jinwei
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  Phase change water tanks with large heat storage capacity and high heat storage density are widely used in thermal
energy storage systems. However, in previous studies on the thermal storage performance of water tanks, little attention has been
paid to the heat loss of phase change water tanks. Due to the presence of phase change materials, the temperature change law and
heat loss of phase change water tanks are different from those of ordinary water tanks. In this paper, a one-dimensional phase
change water storage tank heat transfer numerical model is established, and the effects of phase change temperature, phase change
material position and phase change material content on the heat loss of the phase change water tank under static state are analyzed.
The results show that adding phase change materials can slow down the temperature drop in the water tank and increasing the phase
change temperature will lead to a decrease in the heat storage capacity of the water tank. When the phase change temperature is
55°C, the heat storage of the phase change water tank is 25.93% higher than that of the ordinary water tank at the end of the static
state. When the phase change material is located in the center of the tank, it is more conducive to the storage of heat in the water
tank; The higher the content of phase change material, the higher the average heat loss coefficient of the water tank. This paper
studies the heat loss of the phase change water tank under static state, which provides a theoretical basis for the subsequent
optimization of the thermal design of the phase change water tank.
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Fig.3 Comparison of water temperature inside the phase change water tank

NIGAE FIRBUA R R o R AR I, H

RRA TS 45 RS SRR A RAE XS b, DAIE B A A Y



HAEE 1M BT, 2R BRI A K AR B VBRI T .67 ¢
MIHERTE . SEBUKETE Ot 8) o JEE (it R (R A
1) o Ha (Rt 4. 5) 44 SN KER L, xm‘jo’" Pl famh T 0”70 !
B 3 i, S, RIAS K AR K IR S R 4 B (9

(141~ 351 153 7 AR 22 RSP S50 A DGR 22 43 3 2.20 F
4.04%. %5 & B H R AR UL BB AN (AT A0 72 AR iR 2
DA% H T S8 15 % B i R R AR 22, A 9 A
FOLRI S 56 (1 45 TR A 22 7 mT 3252 OV Rl Y, BB AL
FIT P B8 (e 0% 25 O B 52 1) B e s B
2 HTKESHRMRESH

TEAHAS K FE AR PIVPAT L R, B — 250
RE A THT S e /K A 1R &5 AR e, S8 0o A P A AH
BOKFERAR, IR E NS EGEAT N .

(D JHRR

P AL 25 AH AR KA IR 1K Ex, RUAH S 7K 6

T,
CM—E—%M;T

Ex = J'UI mCp, ( jdt
0

Rebte TOANCHRE. Ks T, Jt CHEE,

K: T, NB%E, K.
AR 9 S IR T PCM X BTSRRI X

e iOp GRS Y I
Ex = Ex,,, +Ex,, (10)
FHAR KGR K E AKX (D Frs.
T, (1)

j(ll)

FHAZ KA AR AR AORE A o o A K

Exwmer = z mw,iCp (Zv,i (t) - T;m't - T;)ln

init

R Ex,, AR A R (9) T (12) Fi.
I 25
T cm, j (t)
Expcm = Z mp('m,jcp,s[ 7—vp('m,j t) - T:v,im't - 7;1’2# J
J p.init
RIS
T T (12>
Expcm = Zj: mpcm, /'Cp,s 7:n,5 - p, init - TSZHE + mpcm,jEﬂ( )[1 ]—:n,s_‘r_o valj
&N
s 2T
Expcm = ;mpcm,jcp,s Tm,s - p,init - T;Inﬂ + mpcm,jEl (1 - Tln)s +0me1 ]
T (¢
+mpcm,jcp,l [Tpcm,i( t) - Tm 1 Z)ZHL() J
m,l
W SE SCRTRAE A AF IR S AT B A 3R 0 = Ex (13
IRy ial=is N ° Ex, —Ex,
(2) AR R H
n+l n n+ln+l n+l nran n
u = m,.c, (Tw,f - Tw,i ) + mp,[ (Sl Tp,j + Sz - Sl Tp,j _Sz ) (14)

L,

m,, (Tw,i -7, )AT

(3) &R

B IR 5 SO ER B 25 IR K SR 6 A7 1) A =
5 & I GE T KA i A7 R 2 b, TR A s
(15) fimm.

n=%xloo% (15)

A

3 EMWEZEMR

TE IR B RV S8t b, TR — DR

THAHAR A B KA B B R P R R, Rk

EUAHAR IR BE « AR B . AR R B B s

R 2R AT A AT

3.0 AHARIEE
TRFFHALSE— B0, 7 0% UM AR R



e 68 »

2026 4

50°C. 55°C. 60°C HIAHAEM BL AT KA AL P FEAS
L, AKHE IR AR K 4 s .

ER BE
o] B
60
£ 50
% 40
30 ——55°C
———60°C
20
0 40 80 120 160
A (h)

B4 AREEZTREKEFRETLE
Fig.4 Average temperature variation inside the tank at

different phase change temperatures

B HE
0.8 -
WK AE
06{ | ——50°C
W ! —55°C
® ! ——60°C
=041 |
0.2 |
0.0 ——— . . . ,
0 40 80 120 160
I 1] (h)

5 ARMEEREKERNEE
Fig.5 Exergy efficiency of tank at different phase change
temperatures

11 4 AT, B IAGE UG, KRR IR LB T R,
FER AT, ARAR 7K Rl B 2 v T 3 /K A
7 RUONAHAS AR LA N TK, FE R R AR R
THOLT, AR KA IR L T B SR . AR AR PR
TG A KRR R AR A AR R FE L . WA
i, fE 156h FIASERE Y 60°C KK 258 AR AL -
FIEFE AR, A 55°C KR8 R TB0%
LR, 50°CHRIKFIA M AR B E,
J 328 B T PR R A i 2 AR B 22 0 AR AR

P 5 AT, AN R AR R SR I PR A 2R AN
[ FHAR IR i AR R AE 8 A SRR ZE R, fE
BHUAZ, MIBCER. ZKMITREER, R
EIL TS, EIEKRMRCR N AR R, 1E
JE AL T BURACT - B E AT, AHALKAE 555
S 22K, KARTRE TR, PRI R T RER,
AR RSO BT 5 7R I 45 7 A AR i
Bfi, KAEIRFEARLE, MR TR,

0.0060

0.0045 A

AR REL (wi(kg-°C))

0.0030

8|0 ]iO 160
i1 (h)
6 AREIMEZIREKFETFIHRMRRRKE
Fig.6 Average heat loss coefficient of tanks at different
phase change temperatures

V& #sERn L Ak e ] pem#
AR KB AR |pemBE AR
—— B 052

205 204 202
209 192 ] ] =
| +—] 40.50
—~ /
£ 151 0.48
= 1 — 0 s
L &
1 1.0 ! 12 19 Joae =
£ 081 e
e 0s 044
042
0.0
WiEAKA  50°C 55°C 60°C
AR RE

7 AERZREKEERE. ERMEE

Fig.7 Heat storage and heat storage efficiency of tank at
different phase change temperatures

HIE] 6 T, KA1 LIk R B A2 AL
Bl AR KA T X i Rk RS v T a7k
o Ml KA R A A, SN AR AR,
Besh/INe FERASATRUREBORE AR, AN AR IR L A
IKFE T S IIUR RPN ZE AR, AR RPRE 0
e, KFEIR AN, ABURRBOZHTFEIR. LA
ASIRIE 60°C OB, TERFEIGE RIS, ZKA T2 2
PR REERE] 0.0045W/(kg C), B IZHT LTt

H1I& 7 T, FHAR IR T, & AR A PRI,
J PR B A R R AR S A AR RHIR 22, A
AR FBUHAR IR N 60°C (/K FE & #vig /T 54k
PIRRKAR o B IR B A AR AR FE T i T e
YOI AHAR IR 2 i e SE AP A AF PV . FERRE IR,
BRI KAA T BIAR R REOR, (B & G R
R, FITDATE R B 25 R A AR KR I B R AN &
AR T KA . ARy 55°CIY, R
BARI, AHAS KA I & ARG E KR R e T
25.93%. NPRIEZR AR 8 A8 I A 2OH AR AL I
o AR JE ST S R HUR AR TR Y 55°C



40 B 1

BT A BERBURIH UK E BT A <69 -

32 MAMEHMIE

FEARAE ARG EAR R TS T, $RFUMAE A R
A BXP R AR BB HR  AHAH
B B S B 8 Fror .

0.86 m
i :

(¢) pem_down

(a) pcm_center  (b) pem_up
B8 HEMRMIEREE

Fig.8 Schematic diagram of the location of phase

change materials

o
70| EELE
60 1
2s0f |
s :
Baol | KA
l pem_center
30{ | pem_up
| pcm_down
20 ‘

0 40 80 120 160
I 1] (h)
B9 AEHREMRMLEKETEREE
Fig.9 Variation of average temperature inside the tank at

different phase change material locations

BN BE
0.8 X
KA

0.6 1 pcm_center
e pem_up
= 04 pem_down

0.2

0.0

80 120 160
IS 1] (h)
E 10 AREEMEHLE KA RE
Fig.10 Tank exergy efficiency diagram for different phase

0 40

change material positions

H1IE 9 T, AHASAHRIAL B K AR - 2 I
A RSN (EV = o i S AR R APV T VRS R
PIRRIKAS . FERFE ARG, AR KA T2 i
Wl KAL) 9.2°Co I 10 FTAN, 7R B FAGE R,
Gl p S A = S N P S S 1 N VA R 4
R BN o I BUONARAE M BT AR, AHAR
MORLE 5 HORBA, B, MR
DIARAR KRR IR TR B 3/ T KA BRI
£ 52h Ja AHAS KA MR A 2 e T KA

HIP 11 AT, AHAR A RL B 2 S M KA (1T
IR R R B 1E 54h Ja , B AR RLRETRIE A,
KAV 2 AR R BOZHT AR, AASAPRH Tt
I AR R R BAR T 3 AR PR L, R R AR A A
BHF L, 13 BRI AR AORE TR A, EAH
2 A Rl w0 R A4 R R B LT S
HOR 5 — B SRR NG, ISR CE 23,
FEAF KA -1 2 Bk R BCE

0.0060

o

= :

3 W s KR

g 0.0045 pem_center

W& pcm_down

K pem_up

o NN NN,
0.0030 T T T T T

0 40 80 120 160
5} 1] (h)
11 FEEEHRALEKFETHRIRE R EE

Fig.11 Average heat loss coefficient of tank at different

phase change material positions

1ERGEm L KERE [ JpemEF v
apEg R KEREL JpemFHE

—— BRAE 0.52
2.04 2.04 2.04
204 192 B ] B
\ 10.50
©15] N~
% 1.5 7Z | | lo4s g
®,
10 1.02 0.99 099 1046 %
& 031 3
e 05 0.44
0.42
0.0
WilKAH  center down up
HAERERM

E 12 TEHETHRMIBEKEERE. ERYEE
Fig.12 Heat storage and heat storage efficiency of tanks

at different phase change material positions



70 %

251 2026 4

W 12 Fros, &R R A PR B A [H]
(7K A & PR IE R T 2.04x108T, 5t W AHAS A4 )
P EX B REILTAFER I, (H2 R E AL
R, FKFEFRELE AR, AR T O KR
EREREN 1.02x108), SR ERE. &5
10, AHARA RN T E30E R SR K A P Ak &
Hm, HBIRER, RICAHAEM B T O IR AR AR
IKFERA RN, BRGECR Bemr, AR KFE
IR
3.3 MHARM RS =

53 U A A EHMATR & A 30%40% 50%
HEAT AR /K R A A RE AR, 7K A P 85 E 43
K13, K 14 Fior.

=7
5o FE_BH
601 \§§§\\
o
50
X
%40 WA
pem-0.3
30 pcm-0.4
0y ° ¢ pem-0.5
20 " . . . .
0 40 80 120 160

BT (h)
& 13 AREEEHRESEKFERLEER

Fig.13 Temperature at the center of the tank for different
phase change material contents
B HE
0.8
0.6
= 0.4
02
0.0 T T T T T
0 40 80 120 160
1] (h)

B 14 TEBEMIESEKEMNRTILE
Fig.14 Variation of exergy efficiency of tank with
different content of phase change material

WA 13 WD, AR AT B, AR R
s B A ARG . B A AR AT RS RN, (e
BATIKA IR R, R RS R, K
FABAR I SE R LRGBS, AR SR F TR 0T

KA L T Bt . A ARAT PR O R, AR
KRR IR L SR EA AR IR E MY A, 72 90h Ja, AN[FEIAH
PP R KA I R 28 v T KA, IR ERR R
HEAE A MR 14 TR, MHARRS R,
RN BN, YHIARAR AR G N e 4
YRR KA UL FE T E I A, SEAHAS R AR N
BEAR NS AL S5 AL R AR B 7K

500384 -

2 W SE KA
= pem_0.3

% 0.0336 pem_0.4

W& pem_0.5

0.0076

55

8 T T —
0.00384 — - ——

0 4 80 120 160
INF[A] (h)
& 15 ARETHRESSKEFIRRERHE

Fig.15 Average heat loss coefficient of tanks with
different phase change material contents

HIIE] 15 AT RD, ARAERDRRS S, KA
BIRBUR R B0, HAEM MR O #E, P
P IRAR AR B DRI B 5 FEAG, B R AR AR R
THEREROE AR, BAROKAE AR 2, (HARZH
BUSCRGE R R, PEAREI N, ARk R0
DUORIG ; BEEANASIE IR, A KA IR PR AL 22 ,
PRI R AR Bz 18 AR

VERGEIN KR ERE [ ] pem & it
2 BRI KB RE [ | pem# vkt

—— BERCE 052
204 208 A '
P 209 192 ] | — T
< — 10.50
g 15 7Z
=2 10.48 .,
o [ 105 1.08 S
Mo L2 L . 46 5
= o8 ha
iR 0s 0.44
0.42
0
Wbk 03 0.4 0.5

MR RS i

El 16 TRBEMHSEKEERE. ERNEE
Fig.16 Heat storage and heat storage efficiency of tanks

with different phase change material contents

HIFE] 16 AT A1, ARARRDRLS Ellm, R AGE
A E S RN ERNES R, 2N
2.12x10%7, 1.08x10%], [AJI & AR i m . X
PRUNAE R B GE R, SRR S B, (A7 T



54055 1 BT, A RN R AR AR KA B A RE AT 5T « 71
2, fEFE R, AHARMRLRE T AR I IR Journal of Thermal Analysis and Calorimetry, 2017,130:

GeKIR T RE, KA, PRI E AR .
a5, AN RS R, KA T 2 HA 5
R B BB R, TR AR A S B L a0 6 5 A A AR
FORHAS I .

g
ASCAE—YEAHAR K AL AR 38 57 (1) Al I,
ﬁﬁ?ﬁ%ﬁﬂﬁ%mﬁ‘ﬁﬁu&aéﬁmﬁ#
B FEARER R . EEAERA
u>wﬁﬁﬂ%m§mﬁ$%t%tﬁ H
S AH AR T v E KA Y B RE 08 A R g A7 A
IR KFE IR, (HAAR R T 2 S 80K
(8 IR D TR 358 A 335 11 A A e R DA P 1l
FHAR K AH 1 & AN ER B L FE, ARG N 55°CHRY,
TR E S5O, AR KA & R RO @ KA1 =
25.93%.
(2) MM R T KA OBS, AR KR b
K/, BRECERE, BAHFT KRR EELT
(3D 38 InAHAS AR 5 A 05 12 = K AR 1 &5 #

BMERRCR, HIEKEIRN R, T80 ER
& KA R 2B RBOE K, DR IE RS SE b
T UL 5 18 AR AR I -

S K :

[1] Wang L, Guo L, Ren J, et al. Using of heat thermal
storage of PCM and solar energy for distributed clean
building heating: A multi-level scale-up research[J].
Applied Energy, 2022,321:119345.

[2] Liu H, Wang D, Jiao X, et al. Storage periods and
heating terminals types influence on the solar heating
thermal storage volume in the Tibetan Plateau regions[J].
Journal of Energy Storage, 2023,66:107461.

[3] Pielichowska K, Pielichowski K. Phase change materials
for thermal energy storage[J].

science, 2014,65:67-123.

Progress in materials

[4] Kong W, Lei Y, Jiang Y, et al. Preparation and thermal
performance of polyurethane/PEG as novel form-stable

phase change materials for thermal energy storage[J].

[10]

1011-1019.

Yang Z, Chen H, Wang L, et al. Comparative study of
the influences of different water tank shapes on thermal
energy storage capacity and thermal stratification[J].
Renewable Energy, 2016,85:31-44.

Dahash A, Ochs F, Janetti M B, et al. Advances in
seasonal thermal energy storage for solar district heating
applications: A critical review on large-scale hot-water
tank and pit thermal energy storage systems[J]. Applied
energy, 2019,239:296-315.

Liang F, Zhang Y, Liu Q, et al. Experimental study on
thermal energy storage performance of water tank with
phase change materials in solar heating system[J].
Procedia Engineering, 2017,205:3027-3034.

S IR Bl AR, < 5 A IR FROK 5 B TR 1 T8 #4e45
P T[T FRARH LG, 2010,38(11):81-84.

Fan J, Furbo S. Buoyancy driven flow in a hot water
tank due to standby heat loss[J]. Solar Energy, 2012,
86(11): 3438-3449.

B, e, TR A A TR K AR DR TR AR BB AR 5
SR L [J]. B ML Tl K 5 4t H 2R BH£ R 2017,40(8):
1026-1030.

G OB, A S ORI RE S & AR R ST A
KA E@E)%ﬁ'ﬂ;-ﬁufrﬁi[]].H?Ei%i‘ﬂ%,zo19,49(3):91-96.
IR U, T /b8 TR FAH AR i i BRI AL D). &
JE Tl K22 4R (B 2R FH4R),2016,39(4):457-461.

2 < X R R, A DG B M DXOK BH RE R IR R S i
PR AR AR I8 AF 73], 22 4 HE TR % 2 47,2020,
46(4):67-72.

Ding Z, Wu W, Chen Y, et al. Dynamic simulation and
parametric study of solar water heating system with
phase change materials in different climate zones[J].
Solar Energy, 2020,205:399-408.

Sun B, Liu Z, Ji X, et al. Thermal energy storage
characteristics of packed bed encapsulating spherical
capsules with composite phase change materials[J].

Applied Thermal Engineering, 2022,201:117659.



	Study on Thermal Storage Performance of Phase Chan
	0  引言
	1  相变水箱传热数学模型建立及求解
	1.1  模型假设
	Fig.1  Heat transfer proces
	Fig.2  Water tank node divi
	1.2  控制方程
	1.3  数学模型求解

	为验证上述数学模型及计算程序的准确性，将模拟计算结果与实验结果作对比，以证明数学模型的准确性。选取水
	2  相变水箱蓄热性能参数
	3  影响因素研究
	3.1  相变温度
	3.2  相变材料位置
	3.3  相变材料含量

	4 结论
	参考文献：

