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Numerical Analysis on Heat Gain of Liquid from Ambient Air with Various Fin
Heights and Pitches of Fin-and-Tube Heat Exchanger in Hybrid Solar Collector
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Abstract : Solar assisted heat pump system uses solar thermal energy as a heat source of evaporator of heat pump.
So, COP can be enhanced as well as collector efficiency. For improving performance of this system, some research
about hybrid solar collector that has fin-and-tube heat exchanger has been conducted. This collector can get a thermal
energy from ambient air for liquid heating, so heated liquid can be used as a heat source of evaporator in heat pump
even the solar radiation is not enough. In this study, numerical analysis was conducted for confirming heat gain of
liquid according to fin height and pitch of fin-and-tube heat exchanger in collector. As a result, higher heat gain was
obtained on lower fin height and narrow fin pitch, but the pressure drop also increased with increment of heat gain.
Thus the JF factor considering both heat transfer enhancement and pressure drop was investigated and the maximum
value was shown when the fin height and pitch were 40mm and 45mm. So it is considered that this installation condition
has a highest heat transfer improvement when comparing with pressure drop. However heat gain of liquid at this
condition was less than the other installation conditions of fin pitch on same height. Then, after establishing a proper
minimum heat gain of liquid, actual production and experiment of collector will be conducted with fin height and pitch
showing maximum JF factor and satisfying selected minimum heat gain of liquid on the basis of results of this study.

Key Words : Bl %<& Al 2~®l(Solar thermal system), Bl%¥<E %<& 71(Solar collector), -2 &% 7] (Fin-and-tube heat
exchagner), Bl 3] EH Z(Solar assisted heat pump), 3] & Z(Heat Pump), 1 *] 27 (Energy saving)
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Nomenclature

Q :Heat transfer rate (W]
m  : Mass flow rate [kg/s]
T : Temperature [C]
U Overall heat transfer coefficient [W/m’K]
Co, : Specific heat of heating medium

[k]/keK]
F  : Correction factor [-]

AT, cr * Logarithmic mean temperature

difference on counter flow [T]

A, Air-side total surface area [m’]
A;  : Tube inner surface area [m’]
Ay Tube mean surface area [m’]
A;  :Tube outer surface area [m’]
A; : Fin surface area [m’]
h  : Heat transfer coefficient [W/m’K]
hi : Water side heat transfer coefficient{ W/m’K]
ho © Air side heat transfer coefficient!W/m’K]
R; : Fouling factor [m’K/W]
R. : Thermal contact resistance [m’K/W]
Az : Tube thickness [m]
k  : Thermal conductivity [W/mK]
di  : Tube diameter [m]
V  : Velocity [m/s]
D, : Hydraulic diameter [m]
AP : Pressure drop [Pal
F, :Fin height [mm]
F, :Fin pitch [mm]
Re : Reynolds number [-]
Pr  : Prandtl number (-]
j  :Colburn j factor [-]
f»  + Petukhov friction factor [-]

f  : Friction factor (-]
JF : JF factgor (-]

Greek symbols

n Surface efficiency -]

1y Fin efficiency [-]

p  *Density [ke/m’]
Subscripts

w  Water

air :Air

avg - Average

R  :Reference
in :lInlet
out : Outlet
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(a) Exploded view of hybrid solar collector
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(b) Front view of hybrid solar collector

Fig. 1 Schematic of hybrid solar collector
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Fig. 2 Schematic diagram of fin—and-tube heat
exchanger in hybrid solar collector
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20
10

=
1930

Value
1.86
15, 25, 35, 45

300, 500, 700

Length(mm)
Width(mm)
Height(mm)
Height(mm)
Pitch(mm)
Air volume(m’/h)
Inlet air(C)
Inlet water(C)

Row of tube

Table 1. Simulation conditions
Parameter

Absorbance area(m?)
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Collector size
Temperature
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