Miscellaneous worked examples

Ex. 1 A flat plate solar collector has the specifications listed below. Find the
maximum plate temperature and the working fluid temperature at 0.8 of the
collector length, the useful heat gain and the collector efficiency.

Collector length = 1 m, Collector width = 1 m, Number of risers = 8, Plate
thickness = 2 mm, Riser outside diameter = 1.2 cm, Riser inside diameter = 1
cm, Bond thickness = 2 mm, Bond width = 4 mm, Metal thermal conductivity =
380 W/(m °C), Overall heat loss coefficient = 5 W/(m?2 °C), Convection heat
transfer coefficient inside risers = 200 W/(m? °C), Irradiance = 1000 W/m?2,
Ambient temperature = 10 °C, Transmittance—absorptance product = 0.85 ,
Collector inlet temperature = 10 °C, Total mass flow rate = 0.02 kg/s, working
fluid specific heat = 4180 J/(kg °C).
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Maximum plate temperature at length y=0.8 m occurs at midpoint between two

risers where x=0
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Ex. 2 A concentrating solar collector operates at irradiance of 750 W/m?2 and
ambient temperature of 15 °C. Water enters the collector at 25 °C with a mass
flow rate of 0.005 kg/s. The collector length and width are 2 m and 1 m
respectively and the internal and external absorber diameters are 0.02 m and
0.022 m respectively. The overall heat loss coefficient and the convection heat
transfer coefficient inside the absorber are 8 W/(m? °C) and 500 W/(m?2 °C)
respectively. The reflectivity of the reflector is 09 and the
transmittance—absorptance product of the absorber is 0.8. Determine the exit
temperature of the water and the collector efficiency. Take water specific heat as
4180 ]J/(kg °C). The thermal conductivity of the absorber is 380 W/(m °C).

Sol.

Aa=Lc*WC=2*1=2m2

Ar =71 Do L. =3.14159*%0.022*%2 = 0.1382 m?

C=A./A =2/0.1382 = 14.4718
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Ry = — +ln(ﬁi)—R - ! + i (57) = 0.0159 °C/W
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1 1
7Ttk 51383eg 00159
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= 2% 0.9576 * [0.9 * 0.8 x 750 — * (25 — 15)] =1023.6 W
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Tto = 74 °C
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