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Influence of air flow patterns on the heat transfer coefficients of the double pass

photovoltaic/thermal (PV/T) collector
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Abstract

The photovoltaic/thermal solar collector, sometime known as the hybrid solar collector generates both thermal
and electrical energies simultaneously. A double pass photovoltaic/thermal module has been developed and
tested. Improvements the total efficiency of the system can be achieved by the use of a double-pass system
and fins. Air which used as heat removing fluid is forced to flow through an upper and lower channel of the
module. A steady state closed form solution to determine energy balance equation. The experiments are
studied the effect of seven air flow pattern on the collector. The heat transfer coefficients of convection and
radiation can be determined from experimental data. The highest average convective heat transfer coefficient

are obtained from pattern 3 which air flow up on upper channel then flow down on lower channel. While the
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highest average radiation heat transfer coefficient are obtained from pattern 5 which air flow down on lower

channel then flow up on upper channel.

Keywords: photovoltaic/thermal, PV/T air, Air flow pattern, heat transfer coefficient
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(c) Pattern 3 (Up on top then down on bottom) (d) Pattern 4 (Up on bottom then down on top)

(g) Pattern 7 (Up on bottom then up on top)

Fig. 1 (a-g) Air flow pattern on double pass PV/T air collector
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Axin

* = Pocatinn of temperaime sences

(<) = A flow contrl by fans

Fig. 2 Experimental setups of the double pass PV/T air collector

Fig. 3 Schematics of the double pass PV/T air collector with heat transfer coefficients
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Table 1 The average heat transfer coefficient (Wm'2 0C'1)

Top channel Bottom channel
Pattern of air flow (PV module - glass cover) (PV module — back wall)

hc,pv-g hr,pv-g hr,g-a hc,pv-bw hr,pv-bw Ub
Pattern 1 1.87 5.27 5.98 3.79 4.24 0.9
Pattern 2 2.30 4.80 5.65 3.29 4.01 0.9
Pattern 3 2.74 5.28 5.69 416 433 0.9
Pattern 4 2.61 5.09 5.60 3.86 4.27 0.9
Pattern 5 2.62 5.32 5.83 3.83 4.48 0.9
Pattern 6 2.27 5.12 5.80 3.54 424 0.9
Pattern 7 2.69 4.99 5.54 3.61 4.36 0.9

4.00 -
3.00 == Pattern 1
350 =fil—Pattern 2
200 - == Pattern 3
; s Pattorn 4

y BT Qi —

e Pattiorn 5
1.00

il Pattern 6
0.50

e Patlern 7
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q’f‘ @-?}"' \ﬁ@ _\(;p _@;@ .\'{"p ﬁ--g'_'.éh \-l;".éﬁ _\»\f.sz _\-—5*9 \:-'@I .\l.'-"ﬁj \t-:igp {-3@ .\ﬁﬁh

Fig. 4 The Convective heat transfer coefficient from top channel (PV module — glass cover), wm™°c”
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q@ ﬁ@ ‘5_\;?? kﬁt‘ﬁ’ \'\"-:9 q\-@ -Q‘-{'P &-'5? ‘:;@ {5’.?' \.53' \.;.é’ \,,,-?5’ \,;5‘“' Hﬁi‘?

Fig. 5 The Convective heat transfer coefficient from bottom channel (PV module — back wall), Wm'2 OC'1
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Table 2 The average solar radiation, PV module, glass cover and back wall temperature of the experiment

day
Pattern of air flow G, (Wm") Tovar (C) Tya (C) Toway (C)
Pattern 1 (Double flow up) 744.04 49.97 30.26 34.65
Pattern 2 (Double flow down) 785.16 42.04 28.65 31.16
Pattern 3 (Up on top then down on bottom) 692.77 59.93 30.58 28.95
Pattern 4 (Up on bottom then down on top) 637.34 54.17 28.82 32.06
Pattern 5 (Down on bottom then up on top) 731.22 59.81 32.30 36.40
Pattern 6 (Down on top then up on bottom) 693.55 50.80 33.37 34.02
Pattern 7 (Up on bottom then up on top) 717.00 54.39 24.28 36.19
1000.00
e pattern 1 (8-02-54)
80000 e pattern 2 {11-03-54)
60000 - - =ie=pattern 3 (12-03-54)
= pattern 4 {13-03-54)
400.00 % i pattern 5 (14-03-54)
200,00 | == pattern 6 (15-03-54}
i pattern 7 (21-04-54)
0.00
R I GRS G G I S S g L g

Fig. 6 Solar radiation of the experiment days (W/mz)
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Fig. 7 PV module temperature of the experiment days (OC)
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