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Study on the Synergistic Performance of the

PV/T-Air-Source Heat Pump System Based on the Series-Parallel Composite Flow Channel

Sun Shijie Wang Zhihao Deng Shihan Li Wuyan Wang Lu Huang Sheng

( Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming, 650500 )

[ Abstract] Traditional photovoltaic/thermal (PV/T) systems face technical bottlenecks such as limited heat dissipation capacity,
low photoelectric conversion efficiency, and insufficient thermal energy grade. These factors severely restrict the system's energy
output performance and the expansion of its application scope. Among existing technologies, series-type PV/T collectors mainly
optimize thermal performance, while parallel-type ones focus on improving electrical performance. This study innovatively
proposes a PV/T collector with a series-parallel composite flow channel structure. It conducts outdoor measured comparative
experiments (covering traditional PV systems, series-type PV/T, parallel-type PV/T, and the new series-parallel PV/T) and
establishes a PV/T-heat pump coupled system model based on the TRNSYS platform for simulation analysis.The research results

show that At a mass flow rate of 1 L/min, the parallel-type PV/T achieves a temperature reduction of 17°C compared with the
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traditional PV module, demonstrating excellent electrical performance; The electrical efficiency of the new composite system is
12% higher than that of the series-type system, and its thermal efficiency is 28% higher than that of the parallel-type system. The
design of the new flow channel breaks the dilemma of thermoelectric mutual exclusion in traditional PV/T systems. Due to
differences in thermal efficiency, the three PV/T systems with distinct structures produce hot water with different outlet
temperatures. After coupling with air-source heat pumps, the system performances show differentiated characteristics: the average
COPs (Coefficient of Performance) of the series-type, series-parallel-type, and parallel-type PV/T coupled systems are 2.49, 2.50,
and 2.55 respectively. This study not only provides a new technical solution for the thermoelectric coordinated optimization of

PV/T systems but also clarifies the coupling mechanism between PV/T and heat pump systems, holding important engineering

application value for promoting the development of building-integrated renewable energy technologies.
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Fig.13 Performance Variation of the Series-Parallel-Type Collector PV/T-Coupled ASHP System
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Fig.14 Performance Variation of the Parallel-Type Collector PV/T-Coupled ASHP System

K 14 N BREE AR PV/T &2 SIRAE R
Gt RERE R (Al AR LIS 0, 1ZAR B RGN -T 35k
INFEN 2367W, T4 COP K 2.55, “FHIEHHLTH
¥ 692W, HEKIRTE G W 2RI R, #
R ARG IIVERE BB BT 3E FKIR S, Bk
RS FIRPAE S RGH L.

Kl 15 2 =F PV/T # & #IE RA M) COP 1k
Hit. XTH=FG /A5 K, AR COPEE
L 22 5 R K PV/T #58 IR HI°F33 COP iy 2.49,
Hi-FFIE PV/T #5AG TAGN 2.50, FEEL PV/T & #4
RN 2.55. HILZE T MR Z =Fh RGVIEKIRA
5], SR A b 7KL FE A 19 AR RE UK ST A R R



39 H5 5 W

IMEA, 55 BT IR G TER PV/T-2 R HGE RS R M R0 7T

° 669 -

3.00

295 F

& —— I COP
—— Hi-JFCoP
—— JEHECOP

2.90
285 F
280 F
275 F
2,70 |
2,65 |
o
Q 2,60 |
&)
255
250 F
245+
240
235 F
230 F
225+
331 AU T S U T PO MU PR TP U T S PO SR MR S
L D Q D D LD A D D D DD H
@“Q “c\-'b \“ﬁh\d’b \\-'QQ F 3 "'Q \"‘;'7 \"5@\""'" \ﬁ‘Q \'“‘;p (’5@\5 : \5'Q \6"!) \'\"Q \'\Q’
i [

B 15 =FEEmEHR:R PV/IT AT KIBERARRLEH COP
BEATE) 2 (L 1E ST
Fig.15 COP Variation with Time of PV/T-Coupled ASHP

Systems with Three Types of Collectors

4 g

ASEF LS PVIT R4 “HBH T Mg
i ALK B A% G 0D, BT B it B - FE B G iR
PV/T S8, FFE PV/IT-ZRFAEME RS,
WIS 505 B AL, BRI TE 455
PV/T #Ha 1t RE RN & R G0 R R T+
B, FEOGZ R

7E 1L/min R KT, % PV/IT R2G6RER
FERAFE 25 B IEAY (48.3°C)>H IR IBEAY (47.4°C)>
FEIEAL (44.5°C) , KR E RSN 10.8%- 12.1%
A 13.31%; ARG I 7RI ERE, H
R IR IS 54°C, ARG —IRAEIFRA
R Rk 44.78% 1 74.77%, BIFBERL R G800 HIIR
21 55.5%F1 13.6%.

= PVIT 5 RBERERGME, T8
COP {H 43 W N R HERY 2,49, H-FEAL 2.5, FEECAY
2.55. SEIRTFEAMYEL, HEKIEX T R L RE R
We) 5 25, COP i A4 ) 26 B 7K I (1) w5 T S 03
B PREGIR R BT, 5 B PR SR IR B AR IR 1 RS
BT, MBS,

ZE EARSCHR I = FhEEFES PV/T 2 Sl fELE
RE. AERE A A & B RS, H A B - IR AR
P PV/T Tl T AR5 PVIT RS8N HIBCRIL
WRIPIRR, HRTHBKAGHEMEES T 12%,
PRI RGeS T 28%. PVIT 5AEME

e 25 RAa7s 1 PV/T X #GR I mHLE],
PV/T #& 7 TIRHGE RG24 1 2
(RIS vl AT

SE Rk

[1] Satpute J, Srinidhi C, Rathore S S, et al. Parametric
influence and efficiency assessment of water-cooled
photovoltaic thermal PV/T absorber designs[J]. Energy,
2025,320:135218.

[2] Maina N M, Murray J, McKenzie M. Climate change
and the fossil fuel divestment movement in Canadian
higher education: The mobilities of actions, actors, and
tactics[J]. Journal of Cleaner Production, 2020,253:
119874.

[3] Mostakim K, Hasanuzzaman M. Global prospects,
challenges and progress of photovoltaic thermal
system[J]. Sustainable Energy Technologies and
Assessments, 2022,53:102426.

[4] Cao X, Li N, Li Y, et al. A review of
photovoltaic/thermal (PV/T) technology applied in
building environment control[J]. Energy and Built
Environment, 2025,6(3):402-431.

[5] Weiss W, Spork-Diir M. Solar Heat Worldwide 2024[R].
IEA SHC, 2024.

[6] Shahsavar A, Eisapour M, Talebizadehsardari P.
Experimental evaluation of novel photovoltaic/thermal
systems using serpentine cooling tubes with different
cross-sections of circular, triangular and rectangular[J].
Energy, 2020,208:118409.

[71 Michael J J, S I, Goic R. Flat plate solar
photovoltaic—thermal (PV/T) systems: A reference
guide[J]. Renewable and Sustainable Energy Reviews,
2015,51:62-88.

[8] Kandeal A W, Thakur A K, Elkadeem M R, et al.
Photovoltaics performance improvement using different
cooling methodologies: A state-of-art review[J]. Journal
of Cleaner Production, 2020,273:122772.

[9] Chen Y, Duan Q, Liu Y, et al. A comparative
experimental study on the performance of photovoltaic
thermal air collectors[J]. Applied Thermal Engineering,

2024,248:123109.
(358 703 77)



	0  引言
	1  系统设计
	1.1  PV/T系统设计

	2  PV/T系统性能评价指标
	3  数据分析
	3.1  天气状况

	4  结论

