2 - ~ Y QALY L1
M43 b 202645 ET71% 8 HI: 1806 ~ 1816 ¢ CRIERRE ) Jekt
AR AL S ) TRERNE105FEEE SCIENCE CHINA PRESS

CrossMark

& click for updates

HIORGEEDEROER AR SR B 1

BB A KA, Tk ITRA, R
VG350 KA RE IR S5 8l 1 TRR2ABe, PE2¢ 710049

* PR, E-mail: j.su@mail.xjtu.edu.cn

2025-07-31 Wk, 2025-11-20 &[], 2025-11-21 32, 2025-11-25 P4 R K& 3%
[ T ST & 12021 YFF0500500) %5 B

% ARAAFIRWGAARAE, AXEBT —AHERBE AR AERRSR, FETERBEMEE R 7F R
By, AT ARAHE-BBEN—EBRAHE, B FELAEINRIETET £4. 5%, AR EEXN R
GHRNTZEAE, RIATZAXEREN RAABUERM{RENZHREALE, £REEM R AT T RESL,
KEERSRAUENTHEE RN, TEHRREMERAARE G TELREULABREN. HK, FET TH
AMHEREBEE T IR ES R AR EEAE, EREH: AN E MR E R & F =5, £200. 6005
1000 W m 24+ T & f£ 3% & 4 #1 £0.0007. 0.00250.003 kg/s; A # A& 54 B, 71K T300. 300~7007
700~1000 W m X & 1, & ERE 4 A £0.004, 0.00850.012kg/s. BR, GAAT 3R A GMaE, &I HA W EH
ARAERBEFTEHEAARKY, BREERTEURAERGUEGRER. &E, £ AL H KN TR REA

&, A T 4rr TR A B B, JFE IR E T & RO F DA AR B F R R SRR AT R 1 R e

Kok KFHRE, LR, — B, B EHERE, KA A

KEHAESCR M (photovoltaic thermal, PV/T)ZiE
FIAE RIS R . BT 58 . AR ' & T
FRAEAL AN A S 21 i e 2L i 55 09 K PR RE R 7 1) 22
— U A H LA K BUK A H TR, —J7 il [l
WOGAR A 77 Az B A I F T AR 06 AOK SO 3R
07121, 57— 1 e Aot ARG R LR, SR R,
TSI TR A B 95 T8 ) Al 5 s 2k ) ).

ARk, EWNAN A ETEPV/ TR E L5
PG R T TR T K EETSE. Loberas AMat vr 2
TEPV/THEALT I —ESH AR, 380 A P 0 Ly S5 50 5
UEICATSEE,  H i B ) O L5 R 5 S0 I 1 5 D
Z2/NT2°C. Gui NPVGh A 430 i AR 15 RS
P T OCIR A AEA TR TGRS T 0 B A
R, RGO PR IR | PR IR B8 0 XU S5 60
R R B PERE RS2 AR, OthmanZs AR Bkl T

WIS 3 B s SRR E, P& T — A XGEIEPV/T
R HH R N17%, HEREEPV/TR SR

It BaljitSE AN K& AR 415 WEE T A 5 A0 4
A, Bt T At R RGE T RIS, BFITEEE, RUR
(RO RIEEA T ] B R IR R | PR TR RE R Y, 2%
BRCREGE. SuE BN T i FHAS [ A i XGE i
KBAREAEIAS, BFFT VRN AR ) 1A ) S5 A28 R B
BRI, BFITR I, MRGEIE T Ke, R
FL AR R BRCR e 2 XGEIE T A A S MK, )
A ARAS A TR 2R RS NP AR S B 3
TR A B A S HEE, B YRR S A PR,
LAY TR S AR R O 15 mm. 5K
2 N0 T SR U0 UE T 2 AR HE AR, BF S
K X AR PR B BGRB9S R, R R s AT AL
VES

1816, doi: 10.1360/CSB-2025-5316

SIS #E 4, SRAF, 05, 45 HRGE RO R SR E 7 L. L2558, 2026, 71: 1806-1816
Lai Y, Zhang Y, Wang H, et al. Modeling and simulation of a novel dual-channel photovoltaic thermal system (in Chinese). Chin Sci Bull, 2026, 71: 1806—

© 2025 (PIERFE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2025-5316&domain=pdf&date_stamp=2026-3-9
emailto:j.su@mail.xjtu.edu.cn
https://doi.org/10.1360/CSB-2025-5316
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2025-5316

SR, HUMIEPV/T RS 218 H TR i e
R TG oK 095, XMELAIE N Rl . Sk sl i far /s
KI5, I B T B —, VR R i e [0
B8, Mz F, SGEEPV/TRS BN Tk & =
JE, EA] RSCHOKEE 2, T Tl ik i LRkt
HFENY, 255 285 B (multi-effect distillation, MED)&§;
fEiZ&f(membrane distillation, MD)$; AIE 0] 52/ N
AR, S5 T 5 s AR P ST B A
TR EAEE . et T MR g, RS
A FEE A LB S ST T XGEIEPV/T R G Ry PE
fig, {HH0 2P S 2T AR oK R, R 2™
AR SRR B, S 8ABeIR 2, XELLSEEL
SARERORI . EEXT BRI, ARG TR AR
WIEPV/TRGLEH, TEIERME I 5] AfEHUK
8, E SRR GE, TR A A TS HOK, AT
SCHAARE S TR RORIH, T K IHRE &5 A
FIFHEE, HE T AR p B AR R 5 PABH AR, A SRt 1R
Gt — AW AS ECA Y, JE R A T, JERSE
SIMTATBHERE | 23 SRR FI7K BT 1 i i X 2R G HL B
RERsZ I LA, SEMPHE A R TE R R Gk RE.

1 PO EEE R B i

WMENFR, HRAGEE YRR G B R
gIOF. AEE . EXBL. AKERUKR L. SRR
PRRGT A2 m(K)%0.5 m(98). SR B . Ot
PRt . WEIEEA . R ENHERT AL AR, BB 6 ARORDGR
H Y 22 ] e — AN B A s 2. AR HL R 64
B SR EL (B S TUV-125), H s E Rk
17.92%, KB TALF47KF, I BAE 2 R, L
(1) L 24 S BOM Y B T S 800 FT R R S 1A S2.
i A FHE VAR IR B2, WIS BRI, 5 S
A SHYHAHA ENHER, HEAS AN f) 2 B A LAV D 31t
g KA R VA FE R INES LS. X R G0 TAE RN
T KRS BB AU, BBk bIlL, IR
I3 BB S AR, T AR A RE— 4 LA B U
SAEAETOCRAL b, (R T 55— )3 1t
SRR, Al B/ . SR
FRAG AR LA SR HIR A T KR, FE2S S, A5
25 B XBLER S, TRZEIR AT TR 2 25
W SRR, T XU A KA H B3 g B R
IRAHERANFAREE, ek m g, KA YK H K R BR
B, WAL T WA - A 5, SR S

T, B R KR S8 AR

2 AUHIEPV/T RS BEERER

FEARE A ZR G 322l SR 2 14 A B 1 4844 .
Hordr ) SEAREA R BRIAD  H S BRI T 22 5
Bhis 2 A) E il WA TR | K ZEAR TR R K AR TR, X+
AR R DL 1) RS ERTRTE RN, g
SREE . IABEIRE A XGEMCAEE MY, 2) EARA R
FPEBT S E N EE 1Y, 3) B RIBNVIG T —
MRERAE; 4) BAHEE /K A0 B i A A5 Y
5) JEARA MR AR SR = 2R B4
2.1 AR HLE R

B SR N U S| DEE B R N R B e s T
SRR . B PRAR R 7| 49t He BE A 52 G He L
HEHASE, GeNSIRAS H A MERR A OG IR B AR e
Mgk, A 00 55 A SRR S SR #b o0 B
R, TERRUESRIE T, Stk i b B AAR R

V+IR V+IR
1:1ph—10exp( a S)l}—Rsh , (D
nkT,
= 2
a=—g" )

K, LR Lo7R AR S ) i Fl L UL
Ry B, RS RERHH; TR MR, o
FNBIEHAE R T gRoR LT HLAT; ARN B %% 2 WAL
nFTs A AE PRAR T

EI2JER T OCIRA R BRI IR EEFY. TR X T X4
R TR R, IR SR . SRIE . i,
W A A R HHES 10 45 2 S5 A 2 R0 43 R 324715 6
FEVEALEATXN,. BRHHE S SR EENE R
U A B E R IRIARA O S O, BeAh, 8 hkEH
WHTX 7 o] HREK, g FL A 55 41 BT AL

TR P — AR, RS EE () I i AN 25 A S5
AR, I H B 2 ) 25 S AR TR, Bk, 7EY 7
] B ARHGIR R — 2, 7EX07 10 IR S BURR 4y
A R AY F U A T AT R B FL TR R, B LAY
BRSNS . SR RIR B ERY 2RI
AR

8

v=>V, 3)
I;I 32

=Y i Wdv= i, Wdx=---= Y i,Wdx, 4)
n=1 n=5 n=29

1807



M4 Z LB 2006538 F£71E £

@) KES/BINES
th HSE it
= =3
B % B
By SEEmmwE S -(—#;,_q
ABBY
-
#)
e
B
SR — ? K
Il BN EEERE S

e b =] %T%*

B

B 1 HAaGEE O REEEAR. (2) IERLE; (b) MUIRRIE

(b)

IKFE/ N2

Figure 1 The structural layout of the novel dual-channel photovoltaic thermal system. (a) Front view; (b) side view
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Figure 2 The structure of photovoltaic modules. (a) X-Y section; (b) Y-Z section; (c¢) X-Z section
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Modeling and simulation of a novel dual-channel photovoltaic
thermal system

Yongquan Lai, Yan Zhang, Hao Wang, Baoyuan Wang & Jinzhan Su’

School of Energy and Power Engineering, Xi’'an Jiaotong University, Xi’an 710049, China
* Corresponding author, E-mail: j.su@mail.xjtu.edu.cn

Solar photovoltaic thermal (PV/T) systems have gained increasing attention due to their ability to simultaneously generate
electricity and thermal energy. PV/T systems typically employ air and water as working fluids to reduce cell temperature and
recover waste heat. Active cooling for the PV cell is beneficial for boosting electrical output. In addition, the captured thermal
energy can be directly utilized for domestic hot water supply and industrial heating applications. However, the single-channel PV/
Tsystem faces challenges in adapting to high-temperature environments and peak thermal demand periods. Furthermore, the
single-channel PV/T system exhibits limited control flexibility due to single-mode operation and slow response characteristics.
The dual-channel PV/T system requires additional components, but it improves thermal energy recovery capabilities. It can reduce
primary fuel consumption for industrial preheating applications. When integrated with multi-effect distillation (MED) or
membrane distillation (MD) systems, this configuration enables efficient small-scale seawater desalination for remote islands and
maritime applications. Furthermore, the system directly delivers conditional hot air for agricultural applications (greenhouse
heating, crop drying) and building heating systems. Previous studies have enhanced dual-channel PV/T system performance
through flow channel optimization. However, these improvements fail to address seasonal variations in thermal demand,
particularly the year-round utilization of hot air. To address these limitations, this study proposed a novel dual-channel PV/T
system for enhanced energy harvesting. The present system features a carefully configured layout with defined structural
parameters for key components, including the photovoltaic module, auxiliary equipment, and all pipes. A comprehensive one-
dimensional transient model was developed based on an equivalent electrical circuit theory and thermodynamic principles. A grid
independence test was conducted to verify the computational reliability of the model. This modeling approach enabled the
characterization of the dynamic behavior of PV modules and provided an analysis of interactions between the current and the
temperature distribution.

Firstly, an investigation of structure parameters was conducted to evaluate system performance under different operating
conditions. Material dimensional studies revealed that the air interlayer thickness exerts the most significant sensitivity on system
performance metrics. Subsequently, the optimization of air mass flow rate was examined across various solar irradiance levels.
The system exhibited peak performance at distinct optimal air flow rates, which scale with solar irradiance: 0.0007 kg s™
(200 W m?), 0.002 kg s ' (600 W m?), and 0.003 kg s (1000 W m?). Similarly, the study revealed a stepwise dependence of
optimal water flow rate on solar irradiance. For solar irradiance under 300 W/m?, the appropriate water flow rate is 0.004 kg/s. For
solar irradiance from 300 to 700 W/m?, the optimal flow rate is 0.008 kg/s. For solar irradiance from 700 to 1000 W/m?, a suitable
flow rate is 0.012 kg/s. The proposed system achieves markedly higher thermal efficiency than both single-channel and
conventional dual-channel PV/T systems. Although its electrical efficiency is slightly lower than that of the reference systems, the
overall performance is superior. Furthermore, the study investigated four operational modes arising from the combinations of air
and water flow patterns. Based on the performance evaluation of these modes, a regulation strategy was developed to guide
operational adjustments according to energy demands and environmental conditions.

The proposed dual-channel PV/T system demonstrates the flexibility in energy output control compared to conventional
designs. This research offers a viable solution for high-efficiency solar energy utilization in diverse applications, including
building-integrated systems and industrial-scale solar installations. Future work will focus on experimental validation of the
numerical model and advanced control algorithms.

solar energy, photovoltaic thermal, one-dimensional model, energy conversion efficiency, waste heat utilization
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