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Abstract

Based on finite volume method, the steady-state thermal performances of the flat-plate solar collector are studied by taking account of
absorber plate thickness, collector tube spacing, collector tube length, collector tube diameter and insulating layer thickness. A physical
model of gilled flat-plate solar collector is built, then the numerical simulation of the model is carried out and the numerical simulation
results are compared and analyzed with experimental results. The results show that: Either increasing the absorber plate thickness or
reducing the collector tube spacing can significantly improve the instantaneous efficiency of the collector. Setting the solar radiation
intensity of 700 W/m2 and the environmental speed of 4 m/s, when the absorber plate thickness increases from 0.1 mm to 2.1 mm,
the collector instantaneous efficiency increases from 46.57% to 64.03%. When the collector tube spacing decreases from 170 mm to
50 mm, the collector instantaneous efficiency increases from 52.81% to 66.01%. Reducing the collector tube length and increasing col-
lector tube diameter are both conducive to improve the instantaneous efficiency of the collector. When the collector tube length decreases
from 2800 mm to 1200 mm, the collector instantaneous efficiency increases from 57.50% to 60.12%. When the collector tube diameters
increases from 8 mm to 20 mm, the collector instantaneous efficiency increases from 56.18% to 63.97%. When the thickness of insulating
layer is 30 mm or more, increasing its thickness has no significant effect on improving the instantaneous efficiency of the collector. The
research results are helpful to optimize the design parameters of the flat-plate solar collector.
� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

With the economic and social developing and popula-
tion increasing, energy demand continues to increase and
global energy consumption is huge. Therefore, the future
energy supply will become quite nervous. Currently, our
energy supply consists mostly of coal, petroleum, natural

gas and other fossil fuels. The characteristics of unrenew-
able and environmental polluting of fossil energy is con-
trary to the global sustainable development strategy. So
it is an important approach to develop renewable energy
and clean energy. It is considered that solar energy could
replace coal, oil and natural gas as a clean energy in the
future, because it is inexhaustible, clean and safe (Banos
et al., 2011). The exploitation of solar energy has mainly
forms of photoelectric transition and photothermal conver-
sion, among which the photothermal conversion of solar
energy heater is undoubtedly more mature. So far, many
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standards (ANSI/ASHRAE, 2003; EN 12975-2, 2006) and
articles (Norton, 1992; Garg, 1985) about solar thermal
application have been published.

Flat-plate and vacuum tube solar collectors are the most
widely used heaters among the solar collector systems.
Although vacuum tube solar collector enjoys advantages
of vacuum insulation and mature technology, it is made

from glass which is easy to burst of tube, fouling and
unable to building integration of solar energy systems.
The flat-plate solar collectors have the advantages of sim-
ple structure, high pressure bearing, durable, low mainte-
nance rate, high heat efficiency and low production costs.
It will become the main trend in the future for the high
demand of building integration of solar energy systems

Nomenclature

A collector plate area, m2

b glass cover thickness, mm
c distance glass cover to absorber plate, mm
cl empirical constant, cl ¼ 0:09
c1 empirical constant, c1 = 1.44
c2 empirical constant, c2 = 1.92
Cb thermal resistance of junction of tube plate,

W=ðm2 �CÞ
Cp specific heat capacity of fluid, J=ðkg KÞ
D outside tube diameter, m
Di inside tube diameter, m
e insulation thickness, mm
f on-way length
fx mass force
~f direction vector
~f 0 scattering direction vector
F fin efficiency
FR collector heat transfer factor
F 0 collector efficiency factor
g acceleration of gravity, m/s2

hf,i heat transfer coefficient between heat transfer
working fluid and the pipe wall, W=ðm2 �CÞ

hw convective heat transfer coefficient between
ambient air and the glass cover, W=ðm2 �CÞ

I solar radiation intensity, W/m2

k turbulent kinetic energy
L collector tube length, mm
n refraction coefficient
N glass cover layers
m total mass flow of the working fluid, m = ms � z,

where ms is the working fluid mass flow rate in
the single collector tube, kg/s; z is the number
of collector tube

l dynamic viscosity, kg/(m s)
lt turbulent viscosity, kg/(m s)
q density of fluid, kg/m3

r Stephen–Boltzmann constant, and its value is:
5:67� 10�8 W=ðm2 �C4Þ

rk turbulent kinetic energy corresponding to
Prandtl number, rk = 1.0

re turbulent dissipation rate corresponding to
Prandtl number, re ¼ 1:3

s glass cover transmittance, %
w instantaneous efficiency deviation, %

U phase function
P hydrostatic pressure, Pa
Pout outlet pressure, Pout = 0
Q solar radiant energy incident on the collector

plate area in per unit time, W
Qu the working fluid absorbed useful energy in per

unit time, kJ/h
~r position vector
s collector tube wall thickness, mm
S/ generalized source term
t absorber plate thickness, mm
T temperature, �C
T 0 local temperature, �C
u velocity of x direction, m/s
U vector of fluid velocity
UL the collector total heat loss coefficient,

W=ðm2 �CÞ
Ut top heat loss coefficient, Wðm2 �CÞ
v velocity of y direction, m/s
v0 ambient wind speed, m/s
w velocity of z direction, m/s
W collector tube spacing, m
x cartesian coordinate system

Greek symbols

a absorber plate absorption rate, %
a0 absorption coefficient
b coefficient of thermal expansion
bf scattering coefficient
e turbulent dissipation rate
eg transparent cover emissivity, %
ep absorber plate emissivity, %
/ universal variable
g collector instantaneous efficiency
k thermal conductivity, W=ðm kÞ
C/ generalized diffusion coefficient
X solid angle of space

Subscripts, superscripts

a ambient
f, i work fluid inlet
p absorber plate
o constant
in inlet
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