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Abstract: 3D computational fluid dynamics models of power, heating and cooling poly-generation photovoltaic
radiant panel (PV/R) module were established, and influences of tube spacing and flow rate on heating and cooling
performance of PV/R module in summer conditions were analyzed using Fluent. Economical and operation mode were
discussed simultaneously. For heat-collecting mode, average working temperature of PV/R module can be controlled
below 50 ‘C and the working temperature of solar cell decreases with raising flow rate and decreasing tube spacing,
but decreasing tube spacing is not beneficial to increasing heat-collecting temperature and efficiency. For cooling
mode, increasing inlet and ambient temperature difference can effectively improve radiant cooling rate, and its value
can reach 40—90 W/m’® when temperature difference is 5—10 “C. Taking heating and cooling performance into con-
sideration, recommended tube spacing and flow rate are 130 mm and 180—240 L/h respectively, the corresponding
heat-collecting temperature and efficiency and radiant cooling rate being 38—45 C, 48% —52% and 50—60 W/m’
respectively.
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Fig.1 Structure of power , heating and cooling poly-
generation PV/R module
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Fig.7 Sunlight to electricity efficiency of PV/R module
under different working temperatures
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ent flow rates
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Fig.11 Radiant cooling rate of PV/R module under differ-
ent inlet and ambient temperature differences
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Tab.1 Heating and cooling performance of PV/R module
under optimized tube spacing and flow rate
B | WA | PRTAE | ARIAE | R | R gy
fi/mm | (L-h") RE/C B/ C 1% (W-m?)
130 180 ~ 240 45~ 48 38~45 | 48~52 50 ~ 60

5 PVRAHZFERIBITEASH

51 PV/RAHZRFHESH
PV/R W1 EIAEALGOCRA 4k Eoe i, Jow
AT T 2500, DR S B8 A A T AR R EE, 16
FIRTRHR AR PV/R AR EERE. 5
{55 PV LEFIEL, PV/R L8001 445 . 454R L 48
IR EVA AR HA (08 | 82 VS (R 55) S0
Bh DIARSCHRALE B, 2 2 450 T A AL kAR
A, T LUE AR PV/R L3I0 5 b4 R A A 24
319 ~ 377 JG, P MR RIFRZ g 200 ~ 235 J0/m’,
QAR RHRAIA 7, WG TN A et — P A, ek
IR A 2402 W B PV AT M2 960 ~
1200 Jo, fHEE PV 20, PV/R A 1F BUA TS N4y
15% ~20% , {HH H— &L DI RRER TN L A B ™ 1)
g, A, PV/R AR g — Tl B 0 AT PR BRI 25
AR, BATTRIF A 225 ) .
Fz2 PVR AGEMEAHBEA (LR 1600 mmx
1 000 mm ZH %A 451))

Tab.2 Added material cost of PV/R module (module di-
mension of 1 600 mmx1 000 mm)

MOk B B WAL BRAR T
%% | 25~3.0kg | 59 Ji/kg 148 ~ 177
LRYTE .
40~5.0k 29 JT/k, 116 ~ 145
AT & & 319~ 377
EVA 2.55m’ 9.8 JG/m? 25
HAh — — 30

5.2 PV/RAHEBEITER S

il PV/T HPFEPGRE N 40 ~ 60 CPY,
1M PV/R LFSESE R T REAC R Tt R | B2 7m0 2 sk
RN EZTH FEMREY 38~45°C, &FT
LT Bl R 58 30 (A RRAIR , AR AR B BRI, AN 2 B
PEHOK SR B B 200K 5 ARG IS, R fiEd
PEEAT BRI TR AR R AR BEIRE 5 ~ 10
C, iR R A A E & B, 2 PVR 4
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AT INZE A S Ve T 28 5 B AR P 2 AR 25
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PRl ¥, (05 PRI A A R T4 R PRI BRI L I
F PV/R YT R G 4 o8 S ALk AE
T3 TAEHIRATFE.
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