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This work presents numerical simulations aimed at optimizing the design of polymer flat plate solar collectors. Solar collectors’ absorbers 
are usually made of copper or aluminum and, although they offer good performance, they are consequently expensive. In com-parison,
using polymer can improve solar collectors economic competitiveness. In this paper, we propose a numerical study of a new design for a
solar collector to assess the influence of the design parameters (air gap thickness, collector’s length) and of the operating conditions (mass
flow rate, incident solar radiation, inlet temperature) on efficiency. This work outlines the main trends concerning the leading parameters
impacting the polymer flat plate solar collector’s efficiency.
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1. Introduction

Solar energy is free and clean, but must be first captured
and converted, using solar collectors or PV-panels. Solar
collectors absorb the incident solar radiation, convert it
into heat and transfer this heat to a coolant (water, air,
oil, etc.) flowing through the collector. There are two types
of solar collectors: non-concentrating and concentrating
(Kalogirou, 2004; Mekhilef et al., 2011). Flat plate solar
collectors (FPSCs) belong to the first category, and consist
of an absorber (usually made of copper or aluminum) and
a glazing, separated by an air layer. The absorber’s bottom
and sides are insulated. A coolant flows through the net-
work of pipes below the absorber to evacuate the collected
energy. As they provide thermal energy at low or medium
temperature, FPSCs are thus generally used for water
heating, and they have many applications such as service
hot water production, space heating and cooling, solar

refrigeration, industrial process heat and solar desalina-
tion. But the materials they are fabricated from make them
expensive. Many studies have been performed to under-
stand the thermal behavior of FPSCs whose efficiency
depends on both the value of the incident solar radiation
on the absorber and it’s thermal losses (Benkhelifa, 1998;
Filloux, 2001; Cardonnel, 1983; Hossain et al., 2011; Kun-
du, 2010; Kumar and Mullick, xxxx; Vestlund et al., 2012;
Kumar and Rosen, 2010; Jaisankar et al., 2011; Sookdeo
and Siddiqui, 2010; Kuo et al., 2011; Dagdougui et al.,
2011; Alvarez et al., 2010; Zambolin and Del, 2010; Akthar
and Mullick, 2012). Benkhelifa (1998) shows that the
glazed side of the collector is the source of the most impor-
tant thermal losses – between 10% and 35% of them,
according to others studies (Hossain et al., 2011; Filloux,
2001; Cardonnel, 1983). They indicate that the physical
mechanisms at work involve three transfer modes (optical,
radiative and convective) roughly in the same proportions
(1/3 for each of them).

Many authors proposed works on the studying of
performance and optimization of classic FPSC (made of
copper or aluminum), but there is not much publications
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on the thermal behavior and performance estimations of
polymer FPSC (Martinopoulos et al., 2010; Cristofari
et al., 2002). Martinopoulos (Martinopoulos et al., 2010)
made an experimental and numerical work on a novel hon-
eycomb polycarbonate collector in which the solar energy
is directly absorbed by the black colored coolant. He deter-
mined experimentally the efficiency of the collector, which
is similar to low-cost FPSC commercially available, he
numerically modeled the flow field development and the
temperature distribution,the model was validated with
experimental data. A numerical work on a copolymer
FPSC has been made by Cristofari et al. (2002), in which
the influence of the insulation thickness, the flow rate and
the coolant layer thickness have all been analyzed. The
results show that there are two parameters which are influ-
enced the most namely, the coolant mass flow rate and the
fluid layer thickness. The conclusion of this work was to
use a copolymer for the design of a FPSC hence reducing
the weight by more than half the classic FPSC and giving
similar performances.

Many studies have been performed and techniques have
been developed to reduce FPSC thermal losses. All these
techniques can be divided into two categories. The first
one regroups those that resort to modifying the properties
and form of the glazing, and the second one those focusing
on the modification of the absorber shape. In the first,
Hollands (1965), Hollands (1973), like Arnold et al.
(1977), Arnold et al. (1976), suggested placing a honey-
comb between the glazing and the absorber to reduce radi-
ation losses in the latter. This alternative is interesting, but
its implementation for industrial production is problem-
atic. In his work, Amraqui [Amraqui, 2009] therefore
replaced the honeycomb with multiple vertical partitions
separated from the absorber to avoid conduction heat
transfer. These partitions reduce the flow of natural con-
vection between the glazing and absorber. Slaman and Gri-
essen (2009) replaced the glazing by a polycarbonate
prismatic structure to reduce solar overheating – but
thereby limiting solar absorption and performance. In the
same theme, Hellstrom and Adsten (2003) investigated
the impact of the materials’ optical properties on the
FPSC’s performance by using a Teflon film, a Teflon hon-
eycomb, an antireflection treatment of the glazing or com-
binations of these improvements. A Teflon film used as
second glazing improves the performance, and installing
a Teflon honeycomb doubles that gain, while the best solu-
tion consists in combining a Teflon honeycomb with an
antireflection-treated glazing. In the second category, Varol
and Oztop (2008) made a numerical analysis who showed
that flow and thermal fields are affected by the shape of
the absorber, with a more important heat transfer occur-
ring with a wavy absorber than with a flat one. Fan et al.
(2007) made theoretical and experimental investigations
on the flow and the temperature distribution in an FPSC
with an absorber consisting of horizontally inclined strips.
He found that the FPSC’s efficiency decreases if the mass
fl-

ow rate is too small, and the risk of coolant boiling is
increased by a high temperature inlet and a too large tilt
angle. All of these studies gave us an overview of FPSC’s
thermal behavior and have provided many techniques to
reduce their thermal losses. But these works have only
focused on specific points of the FPSCs (air gap, glazing,
absorber shape, etc.) and are generally realized with a
classic solar collector. Moreover an economic approach
has rarely been mentioned.

Other studies have been performed on photovoltaic/
thermal hybrid solar collectors. Flat plate PV/T look very
similar to classic FPSC from global point of view,but dif-
ference is the PV panel is attached on the top of absorber
(Charalambous et al., 2007; Ibrahim et al., 2011). Many
authors performed numerical and experimental studies
dealing with the evaluation of the influence of various
parameters, such as length collector, mass flow rate, cover
number, absorber plate design and temperature inlet on the
collector efficiency (Charalambous et al., 2007). However
the thermal energy to be extracted to the coolant in PV/T
hybrid solar collectors are much less than that in purely
thermal FPSC. Indeed the working principle of hybrid
PV/T is to reduce the PV cells temperature in order to
maintain a good electrical efficiency. Therefore in this type
of collector the coolant is always at very low temperature
compare to classic FPSC. And the thermal phenomenas
occurring in theses collectors don’t have the same intensity
of the classic FPSC.

The challenge to our study is optimize FPSCs and
improve their economic competitiveness by using both an
absorber and a glazingmade of polymer. This work was part
of SolaireDuo R&D program for which we proposed to per-
form a parametric study on the FPSC’s length, air gap thick-
ness, coolant mass flow rate, incoming solar radiation and
inlet temperature in order to assess their effects on this type
of FPSC. The aim of this work is to highlight the trends,
allowing the designer to find a way to optimize this polymer
FPSC prototype and thus increase their competitiveness.

2. Polymer FPSC modeling

Fig. 1 represents a module which is the component of
the flat plate solar collector prototype studied. This module
is 2 m long, 20 cm wide and 6.2 cm thick. A module is
formed by a distributor, absorber, manifold, glazing shape,
insulation and air layer between the absorber and the glaz-
ing. This module consists of a polycarbonate absorber
(painted black) topped by a transparent polycarbonate
glazing. The whole is insulated with glass wool. The thick-
ness of the air gap between the glazing and the absorber is
given by the parameter e. The coolant (water) flows
through the absorber channels with mass flow rates _m.
The inlet water is located at the bottom and the outlet, at
the top. L is the solar collector length and I is the incident
solar flux on the absorber. The solar collector is tilted by
45� (see Fig. 2).
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All of this work is conducted with commercial software
CFDStar-CCM+. In this work just a portion of the polymer
PFSC is simulated, the dimensions of this portion are
1 m � 90.5 mm (Fig. 3). The section is taken from the central
part of the prototypeFPSC to avoid edge effects. The distrib-
utor and themanifold are not taken into account. (seeFig. 4).

2.1. Physical assumptions

� The physical properties of the solids (the glazing, the
absorber and the insulation) are constant.

� All the solid surfaces are gray and diffuse.

Fig. 1. The module of the prototype of the polymer flat plate solar collector.

Fig. 2. The A–A section of the polymer flat plate solar collector.
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�
The coolant is considered an incompressible newtonian
fluid.
� The coolant flow through the channels is laminar (since
at the highest mass flow rate the Reynolds number is 60,
thus the flow in the channels is laminar).

� The effects of buoyancy are not taken in account in the
coolant flow (because of the thermal sedimentation in
the channels the buoyancy effects are negligible (Sook-
deo and Siddiqui, 2010))

� The air is an ideal transparent gas.
� The system is considered stationary.

2.2. Governing equations

The governing equations are:
Mass conversion

divð~qvÞ ¼ 0 ð1Þ

Momentum balance equation

r:ðq~v�~vÞ ¼ �rP þr: mðrvþrT vÞ �
2

3
:r:~vI

� �

þ ~F v ð2Þ

and the energy balance equation,

div½ðqH þ P Þ~v� ¼ �s : r~v�r:~/ ð3Þ

where m is the cinematic viscosity (m2 s�1), q is the density
(kg m�3),~v is the velocity vector (m s�1), P is the pressure
(Pa), s is the viscous stress tensor (Pa) and H is the mass
energy density (J).

The air is considered an ideal gas, so the state equation
is:

P ¼ q:R:T ð4Þ

where R is the perfect gas constant (J K�1 kg�1).
In the solid, the heat transfer is governed by the conduc-

tion mode:

~/ ¼ �k: ~gradT ð5Þ

with / the heat flux (W m�2) and k the thermal conductiv-
ity (W m�1 K�1).

To simulate the radiative effects, a Surface to Surface
(S2S) thermal Radiation model is used which is based on
the enclosure theory for gray diffuse surfaces (Cd-Adapco,
2009). All surfaces in the model are isotropic, diffuse and
radiant. Thus the amount of radiation exchanged between
the surfaces depends only on the radiation intensity, the
location, the relative orientation of the surfaces and their
geometry. The total irradiation on a surface i is given by
the following equations:

Ui ¼ Si:Gi ¼
X

Np

j¼1

F j�i:sij:J j:Sj ð6Þ

F i�j ¼
1

Si

:

Z

Si

cosðbiÞ:cosðbjÞ

p:L2
dSidSj ð7Þ

J i ¼ ri:Gi þ Ei ð8Þ

Ei ¼ �i:Dr:T
4
i ð9Þ

with Ui is the total incident radiation on the i surface
(W m�2), I is the incoming solar radiation on the Si surface
(W m�2), Fj�i is the geometric view factor between the i sur-
face and another j surface.Gi is the incident flux on the i sur-
face (W m�2), ri is the i surface reflectivity. Ji is the radiosity,
which represents total energy departing from the i surface
(W m�2). Ei represents the energy emitted by the i surface
(W m�2). L is the distance between the two surfaces (m). si�j

represents cumulated effects of all the transmissive surfaces
between the i surface and the j surface.

Fig. 3. (a) Longitudinal section of a prototype polymer FPSC, (b) transversal section of a prototype polymer FPSC.

Fig. 4. Surface to surface radiation exchange.
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In the polymer FPSC the global thermal balance is given
by the following equation:

I ¼ Qu þ Ql ð10Þ

g ¼
Qu

I
ð11Þ

where I is the incident radiation on the absorber (W), Qu is
the output power (W), andQl is the thermal losses (W). The
FPSC’s efficiency is defined by the ratio between the amount
of energy given to coolant Qu and the incoming solar radia-
tion on the absorber. The efficiency is calculated in Eq. (11).

The power output Qu is defined by the global enthalpic
balance:

Qu ¼ n: _m:Cp:ðT out � T inÞ ð12Þ

where _m is the coolant mass flow rate (kg s�1), Cp is the
heat capacity at constant pressure (J kg�1 K�1), n is the
number of channels, and Tout and Tin are the outlet and in-
let coolant bulk temperatures (C).

2.3. Boundary conditions

In the present study, the two limiting vertical planes are
considered as symmetry planes. On the upper surface of the
glazing and the external backside of the insulation, a global
heat loss coefficient is applied to simulate the heat exchange
with the environment Ugla and Uins, (W m�2 K�1). A con-
dition of mass flow inlet ð _mÞ is imposed at the entrance
of the coolant channels and at the exit a flow split outlet
conditions is imposed. On upper surface of the absorber,

the heat flux (I) is imposed. (Tables 1–3).

3. Parametric study

The parametric studies of the design parameters and
operating conditions of the polymer FPSC are performed
to understand its thermal behavior. The different parame-
ters values are based on the two french leaders (Giordano
and Clipsol) of Solar collector manufacturing informa-
tions. The influences of the FPSC’s length L, air gap thick-
ness e, coolant mass flow rate _m, incoming solar radiation
on the absorber I and inlet temperature Tin are evaluated.
For a series of simulations the evaluated parameter varies
in the range of set values while the others parameters are
kept fixed. The following tables give the different values
fixed for the studied parameters. (see Tables 5 and 6).

4. Results and discussion

4.1. Influence of the collector’s length

Table 1

Thermal properties of the different parts of the polymer FPSC.

Part q

(kg m�3)

k

(W m�1 K�1)

Cp

(J kg�1 K�1)

l

(Pa s�1)

� r

Air 1.2 0.026 1003 1.85e�5 – –

Absorber 1200 0.2 1200 – 0.9 0.1

Glazing 1200 0.2 1200 – 0.1 0.9

Insulation 250 0.04 670 – 0.8 0.2

Water 1000 0.62 4180 8.88e�4 – –

Table 2

Values used in the parametric study of the collector’s length (L).

L (m) e (m) _m ðkg s�1Þ I (W m�2) Tin (C)

0,5 10�2 2.5e�5 800 20

1 10�2 5e�5 800 20

2 10�2 1e�4 800 20

Table 3

Values used in the parametric study of the air gap thickness (e).

e (m) L (m) _m ðkg s�1Þ I (W m�2) Tin (C)

3e�3 1 5e�5 800 20

7e�3 1 5e�5 800 20

10�2 1 5e�5 800 20

11e�3 1 5e�5 800 20

13e�3 1 5e�5 800 20

Table 4

Values used in the parametric study of the mass flow rate ð _mÞ.

_m ðkg s�1Þ L (m) e (m) I (W m�2) Tin (C)

2.5e�5 1 10�2 800 20

5e�5 1 10�2 800 20

1e�4 1 10�2 800 20

Table 5

Values used in the parametric study of the incident radiation flux (I).

I (W m�2) L (m) e (m) _m ðkg s�1Þ Tin (C)

350 0.5 10�2 2.5e�5 20

400 0.5 10�2 2.5e�5 20

500 0.5 10�2 2.5e�5 20

600 0.5 10�2 2.5e�5 20

800 0.5 10�2 2.5e�5 20

1200 0.5 10�2 2.5e�5 20

Table 6

Values used in the parametric study of the inlet coolant temperature (Tin).

Tin (C) I (W m�2) L (m) e (m) _m ðkg s�1Þ

20 800 0.5 10�2 2.5e�5

30 800 0.5 10�2 2.5e�5

40 800 0.5 10�2 2.5e�5

Table 7

Values for the influence of length on the operating mass flowrate.

L (m) l (m) S (m2) _m ðl h�1Þ

0.5 0.090 0.045 20

1 0.090 0.09 40

2 0.090 0.18 80
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In this section, the effects of the polymer FPSC’s Length
L on the thermal behavior are computed with the parame-
ter values according to Table 7. Because of the conditions
imposed by operating standards, only L and _m change.
In fact, the mass flow rate _m depends on the FPSC’s surface
( _m is given in l h�1 m�2).

Figs. 5 and 6 present the transversal temperature profiles
on the upper surface of the absorber and the glazing’s
backside. These profiles are plotted at various Z values
which is the dimensionless length defined by Z = L*/L
where L* is the length the plotted part of the curve and L

is the length of the polymer FPSC (L/4, L/2, 3L/4 and
L). The curves practically coincide for each position, which
reflects the fact that the same mechanism occurs approxi-
mately at the same intensity. Table 8 shows that there is
no significant difference for DT (difference between temper-
ature inlet and temperature outlet) – for all length values,
DT varies around 16.2�. According to Table 8, the output
heat flux (/u) values are really close (747.3, 747.8 and
748.7 W m�2 respectively for L = 0.5, 1 and 2 m). This
demonstrates that the collector’s length does not have an
influence on the polymer FPSC’s efficiency. This result is
due to the linear dependence between L and _m: when L

doubles, the incoming solar flux doubles too, thus the
absorber receives twice as much energy. Moreover, the heat

transfer between the absorber and the coolant depends on
the convective heat transfer coefficient hconv, and the value
of the latter decreases along the downstream direction
towards the establishment length to reach a constant value.
This length is defined by the following equation:

LT
e ¼ ReD:P r:Dh ¼

_m:D2
h:P r

q:Sc:m
ð13Þ

ReD ¼
v:Dh

m
ð14Þ

where Dh ¼
4:Sc
Pw

with ReD, the Reynolds number, it repre-
sents the ratio of the inertia to viscous forces. Pr is the Pra-
ndlt number, it represents the ratio of the momentum and
thermal diffusivity. Sc the channel section (m2) and Pw is
the wet perimeter.

According to Eq. (14) the thermal entrance length is a
linear function of the mass flow rate. In this parametric
study the mass flow rate is related to the FPSC’s surface,
therefore changing the length has no influence on the phys-
ical mechanism occurring in the FPSC. Consequently the
polymer FPSC’s length does not influence its performance.

0.00 0.02 0.04 0.06 0.08
38.0

38.5

39.0

39.5

40.0

0.00 0.02 0.04 0.06 0.08

26.0

26.5

27.0

27.5

28.0

0.00 0.02 0.04 0.06 0.08
34.0

34.5

35.0

35.5

36.0

0.00 0.02 0.04 0.06 0.08
30.0

30.5

31.0

31.5

32.0

T
e

m
p

e
ra

tu
re

 (
°C

)

Position (m)

 T(L=0.5 m)

 T(L=1 m)

 T(L=2 m)

(a)

(b)

(d)

T
e

m
p

e
ra

tu
re

 (
°C

)

Position (m)

 T(L=0.5 m)

 T(L=1 m)

 T(L= 2 m)

T
e

m
p

e
ra

tu
re

 (
°C

)

Position (m)

 T(L=0.5 m)

 T(L=1 m)

 T(L=2 m)

(C)

T
e

m
p

e
ra

tu
re

 (
°C

)

Position (m)

 T(L=0.5 m)

 T(L=1 m)

 T(L=2 m)

Fig. 5. Temperature profiles at the absorber’s upper surface, (a) for Z = 1, (b) for Z = 3/4, (c) for Z = 1/2 and (d) for Z = 1/4.
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4.2. Influence of the air gap thickness

The following parametric study aims to highlight the
influence of the air gap located between the glazing and
the absorber on the polymer FPSC’s efficiency. For the var-
ious e values used, the results are summarized in Table 9.

Fig. 7 shows velocity profiles located at different posi-
tions in the air gap. These profiles highlight the free convec-
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Fig. 6. Temperature profiles at the glazing’s inner surface, (a) for Z = 1, (b) for Z = 3/4, (c) for Z = 1/2 and (d) for Z = 1/4.

Table 8

Results of the parametric study of the length.

L (m) 0.5 1 2

_m ðkg s�1Þ 2.5e�5 5e�5 1e�4

Tout (C) 36.2 36.2 36.2

DT (C) 16.2 16.2 16.2

Qu (W) 33.8 67.7 135.5

/u (W m�2) 747.3 747.8 748.7

g (%) 93.4 93.5 93.6

Table 9

Results of the parametric study of air gap thickness.

e (mm) 3 7 10 11 13

Tout (C) 35.7 35.8 36.2 36 36

DT(C) 15.7 15.8 16.2 16 16

Tglass (C) 25 23 22.3 22.2 21.9

Tabs (C) 30.8 31.1 31.3 31.2 30.7

Qu (W) 65.8 66.1 67.7 67 66.9

/u (W m�2) 727 730.2 747.8 740.4 739.5

Ql (W) 4.4 2.8 2.2 2 1.8

/l (W m�2) 48.7 30.6 23.9 21.9 19.8

g (%) 90.9 91.3 93.5 92.5 92.4
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Fig. 7. Velocity profile in the air gap.
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tion occurring in the collector. The curves shape shows the
presence of two areas of interest. At the bottom area air
velocity increases along the absorber whereas in top it
decreases along the glazing. There is a large air circulation
between the absorber and the glazing. This convection
motion results due to the presence of buoyancy forces
within the air. Buoyancy is due to the presence of a fluid
density gradient (with the ideal gas law, density depends
on the temperature) and gravity. In bottom air velocity
increases along the absorber whereas at the top it decreases
along the glazing. There is a large air circulation between
the absorber and glazing. This convection motion results
of the presence of buoyancy forces within the fluid. Buoy-

ancy is due to the presence of a fluid density gradient (with
the ideal gas law the density depends on the temperature)
and gravity. Efficiency increases for e values less than
10 mm and decreases slowlPy for values of e greater than
10 mm. This variation is due to the heat transfer mode’s
contributions (convection and conduction). For the smaller
values of air gap thickness (e < 10 mm), conduction is
predominant.

In Fig. 8, it can be observed that the curve has a maxi-
mum (93.5% for e = 10 mm). Efficiency increases for e val-
ues less than 10 mm and decreases slowly for values of e
greater than 10 mm. This variation is due to the heat trans-
fer mode’s contributions (convection and conduction). For

Fig. 8. Influence of air gap thickness.

Fig. 9. Schematic network representation of the heat exchange between the absorber’s upper surface and the glazing’s inner surface.
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the smaller values of the air gap thickness (e < 10 mm),
conduction is dominant.

/cond ¼
k:DT

e
ð15Þ

The heat transfer by conduction is defined by Eq. (15).
By increasing the e value, the insulating effect of the air
gap thickness is improved. Observing the glazing heat
losses clearly shows this: they decrease significantly when
the thickness increases. For e values greater than 10 mm,
the polymer FPSC’s efficiency decreases while the glazing
losses are still low. This decrease is due to natural convec-
tion increasing in the air gap.

Fig. 9 represents the schematic network of the heat
exchange occurring in the air gap. We observe that the
radiative thermal resistance Rrad is independent of the air
gap thickness e and of the Nusselt number. The Nusselt
number represents the ratio of the convective heat transfer
over the conductive heat transfer. Then an important Nu

indicates that the convective exchange is more important
than the conductive exchange in the air gap.

Nu ¼ S:Ran:Prm ð16Þ

with 1
4
< n < 1

3
and 0.012 < m < 0.074.

Ra ¼
g: cos h:b

m:a
:ðT abs � T glaÞ:e

3 ð17Þ

According to Eqs. (16) and (17), when e increases the
Nusselt Number Nu increases too, consequently the con-
vective heat transfer dominates the conductive heat trans-
fer. This explains the results obtained for e > 10 mm. The
temperature gradient between the absorber and the glazing
creates an air flow, this flow takes energy from the absorber
and looses it to the glazing. Increasing the air gap thickness
thus causes greater heat losses in the absorber, and thus the
coolant evacuates less energy than in the other cases. As it
can see the efficiency depends on the air gap thickness, it
exists an optimal value of this thickness, the same trends
have been show by numerical study made by Ferahta
et al. (2011).

4.3. Influence of the mass flow rate

The analysis presented in this section consists in an eval-

uation of the influence of the coolant’s mass flow rate on
the polymer FPSC’s performances. The configurations of
the simulations are summed up in Table 4.

Table 10 shows that the mass flow rate _m has a non-lin-
ear influence on the performance of the polymer FPSC.
The nominal mass flow rate ð _m ¼ 5:10�5 kg s�1Þ is taken
as the reference: halving it, DT increases by 15 �C or by
doubling it DT is lowered by 8 �C. According to Fig. 10,
the mass flow rate value giving the best efficiency is the
highest one. By increasing the mass flow rate though, the
efficiency tends to an asymptotic value. These trends are
similar to the experimental work of Cristofari et al.
(2002) where he has evaluated the mass flow rate influence
on the flat plate solar collector. He concluded that the
energy gained with a higher flow rate and using a low flow
increases outlet temperature These results are explained by
the entrance length, the bigger the entrance length, the
more important the mass flow rate, hence more energy is

Table 10

Results of the parametric study of the mass flow rate.

_m ðkg s�1Þ 2.5e�5 5e�5 1e�4

Tout (C) 51 36.2 28.3

DT (C) 31 16.2 8.3

Tglass�bottom (C) 24.1 22.3 21.4

Tabs�top (C) 39 31.3 27.1

Qu (W) 64.7 67.7 69.1

/u (W m�2) 715.4 747.8 763.9

Ql (W) 3.7 1.2 0.6

/l (W m�2) 40.4 13.4 6.4

g (%) 89.4 93.5 95.5

0.00002 0.00004 0.00006 0.00008 0.00010
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Fig. 10. Influence of mass flow rate _m.
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evacuated. On the other side, the coolant receives only a
small temperature increase. (see Fig. 11).

4.4. Influence of incident solar radiation

In this part, the influence of incident solar radiation
(denoted by I) on the polymer FPSC is calculated. I is
the heat flux imposed on the absorber, it represents the

incoming solar radiation which is transmitted throughout
the glazing and arrives on the absorber. In these simula-
tions I varies from 350 to 1200 W m�2.

According to Table 11, increasing I induces a higher DT.
Indeed, the absorber receives more energy, thus it heats
more and transfers more energy to the coolant, but the
amount of heat losses on the glazing increases too,
although the ratio is the same for all cases (3.2% of Qu).
Fig. 12 shows that the efficiency is not really sensitive on
I (see Figs. 13 and 14).

On the other hand, the effect of the incoming solar radi-
ation is more sensitive on DT (difference between tempera-
ture inlet Tin and temperature outlet Tout). Therefore the
incoming solar radiation has an important effect on coolant
heating, but a small effect on the polymer FPSC’s effi-
ciency. According to Fig. 12, DT is proportional to I. In
fact for this configuration (mass flow rate, inlet coolant
temperature, collector inclination, etc.) the increase in irra-
diation is beneficial to the polymer FPSC’s performance.

4.5. Influence of inlet coolant temperature

This section presents the results obtained in the para-
metric study of the influence the inlet coolant temperature
has on the polymer FPSC’s performance. Three P-values of

Table 11

Results of the parametric study of the incident radiation flux.

I (W m�2) 350 400 500 600 800 1200

Tout (C) 26.0 27.9 29.9 31.9 36 44

DT (C) 6.90 7.9 9.9 11.9 16 24

Tglass�inner (C) 20.9 21.1 21.4 21.7 22.3 23.6

Tabs�upper (C) 24.8 25.5 26.9 28.3 31.2 36.8

Qu (W) 14.4 16.5 20.7 24.9 33.3 50.1

/u (W m�2) 318.7 365.3 458.2 551 736.7 1107.6

Ql (W) 0.5 0.5 0.7 0.8 1.1 1.6

/l (W m�2) 5.1 5.8 7.3 8.8 11.8 17.9

g (%) 91.1 91.3 91.6 91.8 92.1 92.3
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Fig. 12. Influence of incoming solar radiation I.
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incident heat flux influence I.
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Fig. 14. Influence of inlet coolant temperature Tin on the polymer FPSC.

Table 12

Results of the parametric study of inlet coolant temperature.

Tin (C) 20 30 40

Tout (C) 36 44.7 53.4

DT (C) 16 14.7 13.4

Tglass�inner (C) 22.3 24.4 26.5

Tabs�upper (C) 31.2 40.5 49.7

Qu (W) 33.3 30.7 28

/u (W m�2) 736.7 679.4 618.9

Ql (W) 1.1 2 2.9

/l (W m�2) 11.8 21.5 31.5

g (%) 92.1 84.9 77.4
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the inlet coolant temperature Tin have been considered in
Table 12.

The results show that DT decreases as Tin increases. In
fact the heat exchange between the absorber and the cool-
ant depends on the temperature difference between the
absorber and the coolant. The efficiency increases quasi-lin-
early to DT for the considered control parameter.

/abs�cool ¼ hconv:DT abs�cool ð18Þ

where /abs�cool is the total heat flux transferred, hconv the
heat transfer coefficient and DTabs�cool the temperature dif-
ference between the absorber and the coolant. Fig. 15
shows that the absorber’s temperature rises faster than
the glazing’s temperature. This temperature elevation
causes more thermal losses in the polymer FPSC, conse-
quently its efficiency decreases in these conditions. Accord-
ing to Eq. (17) the higher DTabs�cool is the higher the heat
flux transferred to the coolant. As Tin rises DTabs�cool de-
creases, consequently heat transfer is lowered. This ex-
plains the decrease in FPSC efficiency. To promote a
better heat exchange between the absorber and the coolant,
the inlet coolant temperature must at least equal the ambi-
ent temperature.

5. Conclusion

In this paper, numerical investigations on the thermal
behavior of a polymer FPSC have been performed. The
goal was to evaluate the influence of various operating
and design parameters on the polymer FPSC’s perfor-
mance. The results show that increasing the polymer
FPSC’s length has no effect on the solar collector’s perfor-
mance, whereas the air gap thickness does, an optimal per-
formance being obtained at an air gap thickness of around
to 10 mm in our case. Increasing the mass flow rate also
improves the polymer FPSC’s efficiency, but the coolant’s
outlet temperature is then reduced. Finally, the incoming
solar radiation has a small influence on such a collector’s

efficiency, but drives roughly linearly the outlet–inlet tem-
perature difference. Concerning the inlet coolant’s temper-
ature it has been shown that it has an important influence
on the polymer collector performance. To have a good per-
formance, the inlet coolant’s temperature must be at least
the ambient temperature.

This work highlights the trends to follow in order to
optimize a polymer FPSC. Indeed the classical trends con-
cerning T in; _m and I have been investigated in the present
simulations. On the other hand the air gap e influence
has been computed by taking into account, in a coupled
way, the three heat transfer modes in the present 3D
computation.

This numerical study is a first step towards understand-
ing the thermal behavior of polymer FPSCs, on the way to
a better optimization in order to design in the future more
economically competitive thermal solar collectors.
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