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Numerical Analysis on the Heat Exchange
Performance by V—groove Fin in Hybrid Solar

Collector with Fin—and—Tube Heat Exchanger

Department of Refrigeration and Air—conditioning Engineering, Jung—Ryeol Kim

Directed by Professor Kwang—Hwan Choi

Abstract

Solar assisted heat pump is one of solar thermal system that can increase
system performance of traditional heat pump. In this system, solar thermal
energy obtained from solar collector is used as a heat source for
evaporation of refrigerant in heat pump system. Thus the performance of
heat pump system can be enhanced by higher evaporating temperature
than traditional heat pump without solar collector for same condensing
temperature and thermal efficiency of solar collector also can be increased
because of the lower operating temperature. But traditional solar assisted
heat pump system could not working when the solar radiation is not
enough such as cloudy day and at night and extra outdoor unit is needed as
evaporator of heat pump system for using air source. Therefore, hybrid
solar collector that has fin—and—tube heat exchanger have been developed.
This collector has a fin—and—tube heat exchanger under absorbing plate.
Thus the collector can get a thermal energy not only from solar energy but
also air source when the solar radiation is not enough. At this time,
quantity of heat gain is one of important things and it is depend on the

structure of fin—and—tube heat exchanger. So, in this study, heat gain

\



from air was investigated by various V—groove fin of fin—and—tube heat
exchanger in hybrid solar collector. As a result, heat transfer rate was
increased from 18.44% to 48% according to length of V—groove edge than
plate type fin. But pressure drop was also increased with increment of heat
transfer rate. Thus the JF factor considering both heat transfer rate and
pressure drop was also confirmed and higher JF factor was shown when
the V—groove width was 4mm different with heat transfer rate. Thus the
4mm V-—groove fin was considered as a proper type for applying to real
hybrid solar collector. But JF factor can be changed by the other geometric
conditions of V-—groove fin. Thus, it is also confirmed that optimal
geometric condition is need to be found in the further study with more

various geometric conditions of V—groove fin.
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Nomenclatures

: Velocity of fluid

: Pressure

: Length of v-groove edge
: Reynolds number

: Prandtl number

: Hydraulic diameter

: Thermal conductivity

: Tube diameter

: Heat transfer coefficient

: Water side heat transfer coefficient

. Air side heat transfer coefficient

: Fouling factor

: Thermal contact resistance
: Heat transfer rate

: Mass flow rate of flow air
: Specific heat

: Temperature

: Overall heat transfer coefficient

: Correction factor

flow

. Air-side total surface area
: Tube inner surface area

: Tube mean surface area

: Tube outer surface area

Logarithmic mean temperature difference on counter

Vii

[m/s]
[Pa]

[m]
[W/mK]
[m]
[W/m?K]
[W/m?K]
[W/m?K]
[M2K/W]
[M2K/W]
(W]
[kg/s]
[ki/kg K]
[*C]
[W/m?K]
[]

[°C]
[m?]
[m?]
[m?]

[m?]



fo

JF

: Fin surface area

: Colburn j factor

: Petukhov friction factor
: Fiction factor

: JF factor

Greek symbols

P : Density of fluid

n : Surface efficiency
uls : Fin efficiency

Subscript

air  :Air

w : Water
avg @ average

R : Reference

in > Inlet
out  :Outlet

viii

[m?]

[-]
[-]

[kg/m?]
[-]
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Air inlet ‘

Fig. 1 Assembly view of hybrid solar collector integrated with fin—and—tube

heat exchanger
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Absorbing plate —;

Fin-and-tube
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Fig. 2 Exploded view of hybrid solar collector integrated with fin—and—tube
heat exchanger
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Fig. 5 Schematic view of V—groove fin installed at fin—and—tube heat

exchanger in hybrid solar collector

Table 1 Simulation conditions

Parameter Value
Length(mm) 1750
Collector size Width (mm) 976
Height (mm) 63.2
Absorbance area(m?) 0.732
Row of tube 8
) Height (mm) 50
Fin Pitch (mm) 15
Reynold number for air (=) 4,000, 8,000, 12,000, 16,000
Flow rate of water (L/min) 5
Temperature Inlet air (°C) 20
Inlet water (°C) 10
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Fig. 19 Pressure contours in fin—and—tube heat exchanger with plate
fin(Re=8,000)
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Fig. 20 Pressure contours in fin—and—tube heat exchanger with v—groove
fin(Re=8,000, e=4mm)

28




101355.00

101329.29

10132714

101325.00
Pressure [Pa]

Pressure: contours

Fig. 21 Pressure contours in fin—and—tube heat exchanger with v—groove

fin(Re=8,000, e=12mm)
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Fig. 22 Pressure contours in fin—and—tube heat exchanger with v—groove
fin(Re=8,000, e=20mm)
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Fig. 23 Comparison of JF factor with respect to fin type in hybrid solar
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