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Design and Heat-Transfer Characteristics of Phase-Change Thermal-Storage
Heat Exchanger for Solar Heating Systems

Lai Zhichao Yang Yingying Chen Siyuan Zheng Mingjie Li Jiayou Wu Weidong

(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract To address the intermittency and instability of solar energy, this study applies industrial-grade paraffin as a phase-change
material (PCM) to the field of solar thermal acquisition and heating. An experimental study was conducted to investigate the heat-transfer
performance of a finned-tube phase-change thermal-storage heat exchanger under various operating conditions. Specifically, the effects
of different inlet water temperatures (45 °C and 55 °C) and flow velocities (0.5, 1.0, and 1.5 m/s) on the fluid’s axial temperature
distribution, outlet water temperature, and heat-transfer capacity were analyzed. Quantitative calculations were performed for both the
instantaneous and total heat-transfer amounts. This study systematically reveals the effects of flow velocity and inlet temperature on the
thermal behavior of a phase-change thermal-storage heat exchanger. The results provide experimental evidence and theoretical reference
for the development of solar-energy supply — demand regulation devices.

Keywords phase change thermal storage; heat exchanger; flow velocity variation; water temperature variation; heat storage capacity

4 [ AR 5 AR 2 s A HE R R 51, 344t K HI AT
CO,, 5 4 [E e U5 AH Stk HE LAY HL &0 48. 3%, Horp —
A AR R W 2 I R RE 1) T 2 R A, R Bk HE T Qii@; o
TN . KW AR R R I ]
LRI
7] K L

PCMfiERE

PR R G A S EAT T R A T SR,

ST A 9 T B RS A2 P 7 G T e o DRk A, A

P BE B BE 5 AT 2302 itk R I (b S 7 I 1) A 2 (] ]

IR VC T F B i JH AR 25 BB (phase change D
materials, POMs )4 K A DO ARG A e B BT ERRRNEKRERLE S
L F%ﬁ& A6 K 10 17 0502 00 0 T 2% PN AT R Fig.1 The building heating system based on phase change

PE S 1B TR DA SR AR 78 ik RE B A 10 SR 1 3R
58, 5 HUKFR G L, KIHBEARIESR AT 524 30% . R B R AR R AT AS R BE R AR A% B

=]
<t

A

thermal storage'™’

HETH  HEH AR FE 4 (52176018) W8I H o (The project was — Witha H 3 :2025-09-15; 4% 11 H 31 : 2025-09-27; 5 FH H 1 :2025-11-20
supported by the National Natural Science Foundation of China (No.

52176018). )



(IR

A L v i R % B2 5 A IR IR P |, RT R FH K g 0 T AL R PCM [ AEE S A T 5

TR B AR AR R R T 5 A 3 7 FH 2 1 ot S FH ACBIF 5 T ) oK BHRE R W2 AR 58 10 SE PR oK, AT

TR OCBEHE AR . I FHAHAS MR v BRRR M A T 3R b G5 A B Sk AH AR A BE A BT, 38 I SE I T A S T

AescH SRR TR BRI RN ARGERZ . 5 4 AH AR RE e AR TE 280 TOL T MM BE , &

g A E e UM L AR I GE R RS Gedm R T 5O X AT A VR AL .

I BE B A7 5% 8 RN B 78 1 TAE TR X, 7 4 A B i g T AR A A i A A AR AE R FHRE R B8 R 42

F LS 2 o IR BORA B T 22 i fig 1 L5 7R 5 () M EEA BT 5 84T Mg AR S AR 38 5 R Sy

523 [a] I f AN DG E [ 50, DT 4 1 42 T i R R FH & t " R

S A AN EES AE ARSI 1 SRS TR
H H A 58w DL A AR AR i P hogs A 1.1 8

3P AT A e Y Hate A 2 £ 185 B9 DSC (differential scanning calorimeter) 2=

FAEAE K e AR ST T RERUA SR R st R & 2 B . B AL B Y e 43

¥ M. Caliano 5&'" 3l o BUEALIUMT 5T T 0 H T 5€ Bral 45, AR AS 3 48R 2120 1 J/g, A4S WA 1 B

RS AGEME A R TEAERE B RE L B BUPERE . 40. 3 °C; ol 5 [ 5 B2 A AT 40 BT 1T 45, A 28 Y 0l

7R T PCM 2585 RT 5 RE Z M A Ak G &R 159. 1 J/g, AHAZWE{HIRE A 23. 4 °C.

BERRGT Y2548 A F) T S2 AR Y e st bl A7, 1

BN ST B 255 20 T A Bl T S5 00 B g A e 3 S ) ﬂ'ﬁiﬂf{%ﬁ%ﬂ
AT B PR B B 5 b2 I f ik i 03¢
POEHEHUHTTS |- Dong Xiaodong 45> B4 5 % 2 2f e
P R it ik 22 ml i /YA ) B i AR IR % 1t BEBL: 3.8 C(60.000%)
T2 R B X e A A PSR I R e LY AT § 0
Vi T L H.E. Abdellatif 5 TR gl JE: 15,1 i
R S5 R PCM B RAT R B2, Lu Zhe 5516051 Ll ’zﬁ 1k 'gg Zgoc
5 AF Y 2 W30 0 VA 0 0 oK R AT 3 5 A2 5 A A A R - . Bike: 5.7 'C(60.000%)
B 5 44 7% I 100 T A 58, R0 AR C T g 0"
A5 K HRE K RG24 G TP il 45 197. 86 kg 2 AiEDSC 51T L
oK, b b FREAL Be K AR I D 74% , 38 FH T R BHBE Fig.2 DSC thermal analysis curve of the paraffin
POK RGEIBABERE , 48 50 T P 15 45 19 70 Tl A A o 2k
WL R R PCM IR SR ey 12 FERE
PEBE 1. Ata 25020545 B2 40 SR 047004k, 408 S P RANAR AR IR 1 s .
R1EBEESY
Tab.1 Specifications of the experimental apparatus
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Tab.2 Specifications of the experimental apparatus
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