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This paper presents the results of an experimental investigation on a prototype ﬂat passive
solar air collector. The collector consists of an aluminum casing, transparent cover, air inlet
and outlet channels and a ﬂat absorber plate mounted inside the casing. The design is unique
because the cover is made of transparent cellular polycarbonate sheet, a material whose application to passive solar collectors has not been extensively researched. The cover is 5 mm thick.
The airﬂow through the collector is driven by natural convection. The study was performed
on a laboratory set-up consisting of vertically mounted collector, external source of thermal
radiation in the form of infrared lamps, measurement equipment and data acquisition system.
The tests were performed for a range of irradiance G = 0–540 W/m2 . The following parameters
were determined: absorber surface temperature, air temperature increase ∆T , collector heat
output and eﬃciency. Comparing the obtained results to the available data on conventional
glass-covered designs has shown that the optical performance of polycarbonate cover is lower.
However, in terms of thermal eﬃciency this is compensated by good insulation. The measurements for the maximum attainable irradiance of Gmax = 540 W/m2 are as follows: the mean
air velocity at inlet w = 1.1 m/s, the volumetric ﬂow rate of air V̇ = 30 m3 /h, and the
corresponding heat output and thermal eﬃciency Q = 386 W and η = 36%, respectively.
Key words: passive solar air collector, experimental investigations, natural convection, thermal eﬃciency.
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absorber area [m2 ],
collector gap width [m],
speciﬁc heat at constant pressure [J·kg−1 ·K−1 ],
diameter [m],
heat removal factor [–],
mass ﬂow rate [kg·s−1 ],
height [m],
irradiance [W·m−2 ],
length [m],
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heat output [W],
temperature [◦ C],
characteristic temperatures of the collector [◦ C],
overall heat loss coeﬃcient of the collector [W·m−2 ·K−1 ],
volumetric ﬂow rate [m3 ·s−1 ],
mean velocity [m·s−1 ].

Greek symbols
α – transmissivity of transparent cover [–],
τ – absorptivity of absorber surface [–],
ω – uncertainty of measurement or calculation,
ρ – ﬂuid density [kg·m−3 ],
∆T – air temperature diﬀerence [K],
η – thermal eﬃciency [–].
Subscripts
amb – ambient,
in – inlet,
out – outlet.

1. Introduction
The Sun is the primary source of all energy on Earth. Solar energy can
be converted to various other forms of energy by diﬀerent conversion mechanisms such as photothermal, photovoltaic and photobiochemical [1]. Photothermal conversion mechanisms may be classiﬁed as either passive or active. Passive
methods do not require any additional power source (e.g., pumps, fans, etc.).
Typical examples of passive processes include heating a building through the
use of a properly constructed barrier (glass), drying of agricultural products,
direct water heating through the walls of a storage tank, accumulation of the
heat within building walls, and passive cooling using evaporation of water. Alternatively, an active photo-thermal energy conversion transforms solar energy
into heat by using additional energy inputs for various system components (e.g.,
liquid solar collectors, solar ponds, solar chimneys, farms, solar power stations,
heat pumps, etc.) [1].
Solar collectors may be divided into two categories in regard to the working
ﬂuid: liquid or air [2]. Solar air collectors can be used in drying applications for
a variety of products, e.g., agricultural products, timber, biomass cultivation,
waste biomass, building materials, etc. [3, 4]. It is also possible to use them
for regulating the microclimate in agricultural products’ storage facilities [5, 6],
as well as for ventilating and heating enclosed industrial areas and storage.
They can also be applied to passive solar chimneys [7–9], additional greenhouse
heating [10, 11] and many other processes that require hot air [12, 13].
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In the passive systems, the purchase and installation of the air collector is the
only expense incurred by the investor, and there is no active power consumption
which makes this technology even more attractive if the capital costs are not too
high. Furthermore, air collectors provide additional ﬁnancial beneﬁts compared
to liquid collectors that require additional costs associated with: implementation
of an installation project, permit fees, construction, control system, a working
ﬂuid reservoir and the working ﬂuid itself, intermediate heat exchangers, servicing, maintenance, etc.
When it comes to increasing the temperature of indoor air, passive solar air
collectors are an excellent choice in places where windows cannot be considered
due to either technical or safety issues. The common examples of such structures
are heightened cellars, industrial areas, storage halls or workshops. There are
however situations due to the building’s orientation and localization when solar
collectors cannot be mounted on certain walls (most commonly these are northfacing walls), as irradiation there is the lowest. Passive air collectors can be
divided in regard to the source of the inlet air and the destination of the warmer
outlet stream. In addition, passive solar air collectors can be used for both
heating and cooling of the rooms [14]. Selected designs are described below.
In the ﬁrst conﬁguration (Fig. 1), the passive solar air collector can be used
to heat a room next to a south-facing wall. The supply of cool air comes directly
from the room itself, creating a recirculation pattern. This solution allows the
fastest rate of temperature growth; however, its main ﬂaw is the fact that only
the quality of the air determined by smell or humidity can be considered as
there is no fresh air being introduced into circulation.
The second conﬁguration (Fig. 2) enables heating a room neighbouring the
south side of a building with the air coming from either outside of the building
or another room. This set-up allows for ventilating the space with fresh cool air
that is being heated within the collector. The main diﬃculty of utilizing such

Fig. 1. Utilization of passive solar air collector to increase the temperature in a room
bordering the south side of a building with
air recirculation [14].

Fig. 2. Utilization of passive solar air collector to raise the temperature in a room bordering the side of a building side using an
exterior air supply [14].
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conﬁguration is observed during colder seasons, such as winter or even autumn
in certain regions of the world. During the cold season, the inlet air may have
a temperature that is too low, and, as a result, a single collector may prove to
be ineﬀective at providing the needed outlet temperature.
However, the solar air collectors have been of little interest to the investors
in comparison to liquid collectors, and this is due to a lack of universal and
reliable data on the eﬀect of operating conditions on energy eﬃciency. Currently,
tests of various prototypes of solar air collectors are being conducted in many
countries.
Zhou et al. [15] conducted a theoretical analysis along with numerical and
experimental studies on the impact of solar chimney dimensions and irradiance
G on the intensity of the ventilation process. In their study, the dimensions of
the solar chimney, namely the height, width, and air gap thicknesses varied between 10–100 m, 0.5–5 m, and 0.1–2 m, respectively. Solar irradiance varied over
the range of 400–1000 W/m2 . The intensity of the ventilation process was characterized by the mass ﬂow rate of air through the chimney. Studies have shown
that there is an optimal air gap thickness corresponding to the thickness of the
boundary layer at the outlet of the chimney. For devices with H = 10–30 m,
the optimum thickness of the air gap was in the range of 0.2–0.4 m. The corresponding mass ﬂow rate of air was approximately 0.4 kg/s.
Arce et al. [16] studied a solar collector (solar chimney) with dimensions
L × H = 4.5 × 1.0 m and the air gap thickness of 0.3 m. Thermal and ﬂow investigations were conducted under natural conditions. At the instance of maximum
solar irradiance (604 W/m2 ), the increase in the temperature of the air ﬂowing
through the collector was 70◦ C and the convective air ﬂow rate was 50–374 m3 /h
(corresponding to the average daily level of ﬂow rate of 177 m3 /h). Experimental
studies have conﬁrmed that the ﬂow of air through the collector mainly depends
on the temperature increase and the pressure changes caused by variations in
the density of the air outside and inside the chimney.
Chen et al. [17], using a laboratory solar chimney with electrically heated
back wall, experimentally investigated the inﬂuence of geometrical parameters
of a collector as well as the tilt angle and heat ﬂux on the convective air mass
ﬂow. For a chimney with a constant height of 1.5 m and a width of 0.62 m, the
maximum air ﬂow was obtained when the thickness of the gap was 200 mm, and
the collector was tilted from the vertical plane by 45◦ . The volume ﬂow rate of
air was 0.035 m3 /s and was 45% higher than that obtained when the collector
was in vertical position.
Alvarez et al. [18] presented the results of experimental investigations of
a solar collector prototype that featured an absorber made of aluminium cans
obtained from recycling. Sixteen parallel channels made of an arrangement of
128 black painted cans were placed under a glass cover. The study investigated
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the experimental eﬃciency of the proposed collector. The results were compared
with the results of other authors. In addition to the obvious advantages associated with using waste materials to build this prototype, an increase of more than
60% in the collector eﬃciency, relative to other designs incorporating absorber
surface expansion was found.
The concept of using waste aluminum cans to build an air collector was also
described in the works of Ozgen et al. [19, 20]. The authors experimentally
determined the eﬃciency of three solar prototypes featuring dual-ﬂow technology
(with a ﬂow above and below the absorber). For the experimental investigations,
diﬀerent arrangements were tested, namely the cans arranged in lines on both
sides of the absorber and cans arranged in a zigzag pattern on both sides of
the absorber. All the designs worked concurrently in natural sunlight and with
forced air ﬂow with mass ﬂow rates of 0.03 kg/s or 0.05 kg/s. A greater eﬃciency
was obtained for G = 0.05 kg/s. The highest eﬃciency was obtained for the air
collector with the cans arranged in a zigzag pattern. During the maximum solar
radiation, the eﬃciency of the collector exceeded 70%.
There is a great need for experimental work since the amount of reliable data
for passive solar air collector technology is relatively low, especially for passive
collectors in a certain size group (∼1 m width and ∼2 m height). The authors
believe that the community including both the renewable energy technology
providers and researchers would beneﬁt greatly from such data. In addition, most
existing publications show the results of the solar air collector investigations
carried out under natural conditions, which are highly dependent on location,
season, weather, and time of day, and because of this there may be substantial
variation between operating conditions, i.e., irradiance, ambient temperature
and air velocity in the local environment. This variation makes it diﬃcult to
conduct a comparison of the existing studies on solar air collectors.
This article aims to present the results of the experimental investigations of
the prototype passive solar air collector with a ﬂat absorber and cover made
of transparent cellular polycarbonate sheet. The results of similar experimental
investigations but with a collector covered with brown coloured polycarbonate
sheet are presented in the work of Dutkowski et al. [21]. The results obtained
for ﬂat absorber passive solar air collector will serve as a baseline for analysing
further design reﬁnements and alternatives.
2. Experiment
2.1. Solar air collector
Figure 3 shows an external view of the examined passive solar air collector
prototype. The collector consists of an aluminium casing with the dimensions:
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Fig. 3. View of tested solar collector.

1.04 m (width) × 2.08 m (height) × 0.18 m (depth). The back wall of the collector is insulated with mineral wool, 50 mm thick. The absorber is placed on
the surface of the insulation and is made of a 0.5 mm thick aluminum plate
coated with a thin layer of matte black paint. For temperature measurements,
12 K-type thermocouples were attached to the back surface of the absorber.
The measured temperatures allowed to determine the time needed to achieve
steady-state conditions as well as the temperature distribution on the absorber
surface.
The side walls as well as the top and bottom surfaces are insulated with
a 20 mm thick mineral wool. The transparent cover of the collector is made
of a 5 mm thick transparent cellular polycarbonate sheet.
The air inlet to the collector is a circular duct with diameter din = 110 mm
and a length of 0.5 m. The air outlet duct has an internal diameter dout =
130 mm and a length of 0.5 m. The axes of inlet and outlet channels are located
in the middle of collector widthwise, 90 mm from the lower edge of the collector
and 110 mm from its upper edge.
2.2. Experimental set-up and procedure
A schematic of the experimental set-up is presented in Fig. 4. Its main part
is the prototype solar air collector, which was mounted on the supporting struc-

AN EXPERIMENTAL STUDY ON THE THERMAL EFFICIENCY. . .

257

Fig. 4. Experimental set-up: 1 – air collector, 2 – adjustable radiation source,
3 – data acquisition system, T1 –T12 – absorber surface temperature measurement locations, Tin – inlet air temperature, Tout – outlet air temperature,
w – air velocity, G1 –G30 – irradiance measurement locations.

ture. The collector was operated in a vertical position. The distance between
the lower edge of the collector and the ﬂoor was 0.5 m.
The sources of radiation were infrared Philips HeLeN lamps. They were arranged equidistant from the collector front. The distance between the lamps and
the transparent cover was 2 m. Total radiation reaching the collector surface was
measured using a secondary standard pyranometer CMP11 by Kipp & Zonen.
The value of the irradiance G was calculated by taking the arithmetic average
of the 30 local values of irradiance, measured at uniformly distributed locations
over the face of the collector (see Fig. 4 – G1 –G30 ). The maximum value of the
irradiance achievable under laboratory conditions was G = 540 W/m2 and the
uncertainty of irradiance measurement was ±4.33 W/m2 .
Air temperature at the entrance of the inlet channel, air temperature at
the end of the outlet channel, ambient temperature and temperature of the
absorber surface (at 12 equally spaced points) were measured individually by
K-type thermocouples. Every thermocouple was individually calibrated (over the
range of 20–80◦ C) using a glass thermometer with a scale graduation of 0.02◦ C
as the reference. The resulting uncertainty from calibration was at best ±0.2 K
for each thermocouple. All temperature signals were recorded every 20 s using
a Memograph RSG40 Endress & Hauser recorder. Steady-state temperature
measurements were taken as the average of readings recorded over a 5-minute
period.
Air velocity at the collector inlet duct was measured by a thermo-anemometer
(Testo 524). A weighted average of ﬁve measurements across the inlet (along the
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vertical and horizontal axes) was used to determine the mean velocity. The uncertainty in a single velocity measurement was determined to be ±0.03 m/s +5%
of the measured value. Hence, the maximum error in velocity measurements was
±0.085 m/s.
The temperature increase ∆T of air ﬂowing through the collector was determined as the diﬀerence between the temperature of air leaving the outlet
channel Tout and the air temperature at the inlet to the collector Tin . It should
be noted that the air temperature at the entrance of the collector is constant and
corresponds to the ambient temperature Tamb , hence Tin = Tamb = 20◦ C ±2◦ C.
Laboratory room was assumed to be a pseudo-inﬁnite volume of air because of
its dimensions (10 × 16 × 3 m) and the fact that it was open to adjacent rooms as
well. The lack of signiﬁcant inﬂuence of the output heat on ambient temperature
was conﬁrmed by the ambient temperature ﬂuctuations not exceeding 2◦ C.
(2.1)

∆T = Tout − Tin = Tout − Tamb .

The volumetric ﬂow rate of air through the collector was calculated from the
values measured on the inlet channel using the following equation:
(2.2)

V̇ = w · (0.25 · π · d2in ),

where w is the mean air velocity at the inlet of the channel, and din is the diameter of the inlet channel. The heat output of the solar collector was determined
according to the formula
(2.3)

Q = ṁ · cp · ∆T = ρ · V̇ · cp · ∆T,

where ρ is the density of air (at the inlet), and cp is the speciﬁc heat of air (at
ambient temperature and constant pressure).
The thermal eﬃciency of the passive air collector is deﬁned as
(2.4)

η=

ρ · V̇ · cp · ∆T
Q
=
,
G·A
G·A

where G is the average value of the irradiance reaching the front surface of the
collector, and A is the absorber area.
2.3. Uncertainty analysis
The errors associated with the experimental measurements are presented
in the paragraphs above, which describe the procedure. These errors result in
the uncertainty of derived parameters such as thermal eﬃciency or heat output. However, the level of this uncertainty can be calculated using the Holman
method. In general, the uncertainty of value X can be expressed as
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where y1 , y2 , . . . , yn are variables aﬀecting the value of X, and ω stands for
uncertainty.
From Eqs. (2.4) and (2.5), the uncertainty of thermal eﬃciency ωη is given by:
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The uncertainty of heat output ωQ can be calculated in similar fashion. It is
given by the following equation:

2 
2 1/2
2
2 
.
(2.7) ωQ = V̇ cp ∆T ωρ + ρcp ∆T ωV̇ + ρV̇ ∆T ωcp + ρV̇ cp ω∆T

In order to simplify this formula, the uncertainty of volumetric ﬂow rate
needs to be derived. The volumetric ﬂow rate is calculated at the inlet channel
using Eq. (2.2), therefore its uncertainty can be expressed as
i1/2
h
2
.
(2.8)
ωV = 0.25 · π · d2in · ωw + (0.5 · w · π · din · ωd )2

A comprehensive summary of the presented uncertainty analysis is given in
Table 1.
Table 1. Uncertainty in measurements and calculations.
No

Parameter

Instrument

Uncertainty ω

Value

1

Air density

–

ωρ

0∗

2

Speciﬁc heat

–

ωcp

0∗

3

Temperature increase

K-Type thermocouple

ω∆T

±0.2 K

4

Absorber dimensions

Tape ruler

ωL , ωW

±0.5 mm

5

Absorber surface area

ωA

±1.1 · 10−03 m2

6

Irradiance

ωG

±4.33 W/m2

7

Air velocity

(calculated)
Pyranometer CMP11
Kipp & Zonen
Thermo-anemometer Testo 524

ωw

±0.085 m/s

8

Inlet duct diameter

Tape ruler

ωd

±0.5 mm

9 Max. volumetric ﬂow rate

(calculated)

ωV

±2.87 m3 /h

10 Max. thermal eﬃciency

(calculated)

ωη

±3.4%

11

(calculated)

ωQ

±36.8 W

∗

Max. heat output

Values for density and speciﬁc heat taken from reference data [23].
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3. Experimental results and discussions
Experimental studies were carried out using the following procedure. After
turning the measurement equipment on the value of electric current supplied
to the radiation source was set using an autotransformer. In order to ensure
the steady-state conditions, the experimental set-up was given time to reach
equilibrium. A criterion for achieving steady-state conditions was a constant
temperature at the absorber surface for a minimum of ﬁve minutes. Once the
steady-state conditions were achieved, the local air velocity at the entrance to
the inlet channel and the distribution of the irradiance on the front surface of
the solar air collector were measured. Measurements of air velocity, irradiance,
and the various temperatures were used to calculate the desired characteristic
parameters, for example, the heat output of passive solar air collector.
In previous experimental studies by Dutkowski et al. [21] the measurements
of absorber temperature in a similar passive solar air collector were presented. In
the case of currently examined prototype, the results are similar (not presented
in this paper). These results show how the collector reached the steady-state
working conditions. The main conclusion is that the steady-state is reached
within approximately 15–20 min.
Tanaka et al. [22] as well as Maneewan et al. [12] arrived at similar values
for their (similar) designs of solar air collectors to work in steady-state conditions. It is therefore safe to assume at this point that timescale for reaching the
steady-state heat and ﬂuid transfer is roughly 20 minutes.
3.1. Air temperature increase
Figure 5 shows an increase of the air temperature ∆T (Eq. (2.1)) through
the collector as a function of irradiance G. It was found that the air temperature
increased proportionally to the intensity of incident radiation.

Fig. 5. Air temperature diﬀerence ∆T vs. irradiation G.
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The linear nature of the ∆T change related to irradiance G is observed for
both forced air ﬂow through collector [24, 25] and during natural convection [13].
On the basis of experimentally conﬁrmed correlations between an increase in air
temperature and irradiance, it is recommended to use the equation [13]:
(3.1)

∆T = TG

G
+ TL ,
G0

where G0 is the standard irradiance (1000 W/m2 ) and TG and TL are the characteristic temperatures of the collector (see [13]). For the tested conditions, these
values were TG = 66◦ C and TL = 4◦ C. According to Eq. (3.1), the theoretical
temperature rise of the air ﬂowing through the tested collector, at the standard
irradiance G0 , is ∆T (G0 ) = 70◦ C.
3.2. Velocity and volumetric flow rate
Average air ﬂow velocity was measured for passive operating mode, that is,
natural convection. Air is driven by the temperature gradient in the air gap
between the collector cover and the absorber plate. Because of the constant
(ambient) temperature of the air at the inlet duct entrance the air velocity
measurement was taken there.
Figure 6 shows the results of the air velocity at the inlet channel entrance
as a function of the irradiance. It was noted that when radiation increases, so
does the average velocity of the ﬂowing air. The maximum average velocity of
the air ﬂowing through the collector was approximately 1.1 m/s. The functional
relationship between air velocity and irradiance was found to be logarithmic.

Fig. 6. Average air velocity w at the entrance to the inlet
channel vs. irradiance G.

The volumetric ﬂow rate of air was calculated using Eq. (2.2) and is dependent on the average ﬂow velocity. As shown in Fig. 7, the maximum ﬂow rate
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Fig. 7. Volumetric air ﬂow rate V̇ vs. irradiance G.

of air through the passive collector was V̇ = 30 m3 /h. This value is almost ten
times lower than that obtained at the corresponding irradiance (400 W/m2 )
by Ryan & Burek [26], who studied the convective air ﬂow in a channel with
a width of 1 m and at the air gap thicknesses of B = 0.02–0.15 m. In the mentioned work, the inlet and outlet areas were much larger allowing for higher
volumetric ﬂow rate. The open inlet and outlet cross-section area was equal to
the gap cross-section area. Zhai et al. [27] studied natural convection induced
air ﬂow inside channels with an electrically heated back wall. In their study, the
channel dimensions (width × height × air gap) were 500 × 1500 × 200 mm, and
the channels were tilted at an angle of 45◦ . Zhai et al. [27] used a heat ﬂux of
300 W/m2 and an air volumetric ﬂow rate of approximately 80 m3 /h, which is
approximately three times higher than the result obtained in this paper. The
authors [27] noted that operating at collector inclination angles other than 45◦
decreased the air ﬂow rate. Lower air ﬂow rates through collectors are caused
by the negative interaction of inlet and outlet channel. The authors [27] reduced
the cross-section area of air ﬂow and additionally increased the pressure drop
of air ﬂow. In the previously mentioned articles, the inlet and outlet spaces of
collector had no restrictions.
3.3. Heat output of the collector
Figure 8 shows the eﬀect of irradianceG on the collector heat output Q,
deﬁned by the Eq. (2.3).
The increase of solar irradiance causes an increase in the heat output of
the collector. The maximum heat output was approximately 386 W when the
irradiance was 540 W/m2 .
In a forced convection scenario, as described in the work of Zhai et al. [27],
it is shown that at a constant air ﬂow rate, the relation between the heat output
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Fig. 8. Collector heat output Q vs. irradiance G.

of solar air collector and irradiance is linear. In the case of natural convection,
the constant air ﬂow rate condition is no longer valid as the increase in irradiation creates larger temperature gradient which translates directly into density
gradient – the driving force behind natural convection. In the examined prototype, this results directly in air ﬂow velocity increase through the collector. The
local cross-sectional area of the ﬂow ﬁeld is kept constant with time. This leads
to a ﬁnal conclusion that increasing the irradiance G causes the heat output
to change in a non-linear fashion (see Eq. (2.4)). However, for a selected range
of irradiance available in experimental set-up and current design constraints of
prototype solar collector, the non-linear behaviour was not observed. This may
indicate that the impact of increased mass ﬂow rate is minor.
3.4. Thermal efficiency
Figure 9 shows the collector eﬃciency values for diﬀerent values of the irradiance G.

Fig. 9. Inﬂuence of irradiance G on the thermal eﬃciency η of the collector.

264

J.J. FIUK, K. DUTKOWSKI, P. PIĄTKOWSKI

Thermal eﬃciency of the solar air collector was calculated using Eq. (2.4).
The results show that an increase in the irradiance increases the thermal efﬁciency of the collector. The maximum eﬃciency, obtained in this work, was
approximately 38% for G = 323 W/m2 . El-Sawi et al. [28] obtained a thermal
eﬃciency of ∼35% at G = 300 W/m2 using a solar collector with a ﬂat absorber
operating under forced convection conditions (w = 0.040 kg/(m2 ·s)). The thermal eﬃciency of the collector, expressed as the ratio of useful heat supplied
to the ﬂuid and thermal power that reaches the collector through radiation, is
deﬁned by Eq. (2.4). The eﬃciency of a solar collector may also be determined
using the Hottel-Whillier-Bliss equation [29]:
(3.2)

η = FR




Tin − Tamb
,
(τ α) − UL
G

where FR is the heat loss factor, τ is the coeﬃcient of heat transmission of the
material covering the collector, α is the absorption coeﬃcient of the absorber
surface, and UL is the overall heat loss coeﬃcient of collector [13]. Equation (3.2)
is a linear function, which allows an easy determination of the eﬃciency of a collector, but it is only applicable for liquid collectors in the abovementioned form.
In the case of passive air collectors, the inlet temperature of working ﬂuid is
the ambient temperature of air surrounding the collector, Tin = Tamb . Comparing Eqs. (2.4) and (3.2) allows for some modiﬁcations, so that the thermal
eﬃciency of air collector can be represented as a linear function of the expression
(Tout − Tamb )/G [24, 30, 31]. In the modiﬁed form, applicable for air collector,
it is written:
(3.3)

η = FR




Tout − Tamb
,
(τ α) − UL
G

or
(3.4)

η = FR (τ α) − FR U L

Tout − Tamb
.
G

In this equation, the parameters FR (τ α) and FR UL describe the performance
of the collector. Those are: representing the optical properties of the system
term (τ α), where τ is the transmissivity of the transparent cover and α is the
absorptivity of the absorber surface, the overall heat loss coeﬃcient of collector
UL and the heat removal factor FR . Equation (3.4) indicates that a plot of
instantaneous eﬃciency values against temperature rise factor (Tout − Tamb )/G
[32] will result in a straight line whose slope is equal to FR UL and the y-intercept
is equal to FR (τ α) (Fig. 10).
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Fig. 10. Eﬃciency η of the solar air collector vs. the temperature
rise factor (Tout − Tamb )/G.

The respective eﬃciency equation and the values of FR UL and FR (τ α) are
(3.5)

η = FR (τ α) − FR U L

Tout − Tamb
Tout − Tamb
= 0.42 − 1.05
.
G
G

It can be seen that the value of FR UL factor is very low. This can be due to
a low value of the heat removal factor FR . The low value of FR UL is caused by the
relatively low heat losses through the collector casing and cover. This is caused
by good thermal insulation and the absence of external factors intensifying heat
transfer such as strong wind and low ambient temperature, and is shown in
Fig. 10 as low slope of the linear characteristic, which also means that for a wide
range of solar irradiance G the eﬃciency of the collector is kept at similar level.
The parameter FR (τ α) accounting for the optical properties of the system, is
equal to 0.42. This value is approximately 20% lower than the values presented
in the literature for a glasscovered collector [30]. Preliminary research indicates
that a cellular polycarbonate sheet has worse optical performance in relation to
glass. However, this material is a preferred choice when weight and safety issues
(non-shattering material) are important.
4. Summary and conclusions
The results of research on liquid operated solar collectors are frequently
published in various journals. The analytical tools for assessing the thermal
performance of such devices are well developed and proven. When it comes to
solar air collectors, be it passive or active, the amount of publications is significantly smaller. This presents an opportunity to further develop this particular
branch of solar energy devices and help with design reﬁnement and performance
optimization. There are many applications of passive solar air collectors.

266

J.J. FIUK, K. DUTKOWSKI, P. PIĄTKOWSKI

In this paper, the results of an experimental investigation on ﬂat passive solar
air collector, covered with transparent cellular polycarbonate sheet have been
presented. The collector worked under natural convection regime. The study
was performed on a laboratory set-up and led to obtaining basic performance
characteristics of this collector type. The measured parameters consisted of:
collector irradiance, absorber surface temperature distribution, air temperature
increase between inlet and outlet, and air velocity at the inlet duct. From these
measured values it was possible to determine the heat output of the collector
and its thermal eﬃciency. The tests were performed for a range of irradiance
G = 0–540 W/m2 . At maximum irradiance Gmax = 540 W/m2 , the measured
value of temperature increase ∆T = 38 K, air velocity at inlet w = 1.1 m/s,
volumetric air ﬂow rate V = 30 m3 /h, heat output Q = 386 W and thermal
eﬃciency η = 36%.
The obtained experimental results were compared with available research
results wherever this was possible.
In relation to similar collector designs with conventional glass cover, the cellular polycarbonate covered prototype exhibits similar levels of thermal eﬃciency.
The impact of glazing material was shown through the parameter FR (τ α) from
Eq. (3.4), and accounts for optical properties of the system. In the prototype
design presented in this work it is approximately 20% lower than the values
reported in the literature for glass covered collector [30]. The similarity of levels
of thermal eﬃciency was mainly achieved due to a good thermal insulation of
the prototype collector, presented by the parameter FR UL and the low slope of
the eﬃciency characteristic in Fig. 10. The cellular polycarbonate material is
a preferred choice when weight and safety issues (non-shattering material) are
of importance.
5. Further research
Further research is needed to determine the impact of diﬀerent absorber designs on passive solar air collector performance. An absorber with larger surface
will improve heat transfer from the absorber to the air ﬂowing through the collector. It is also desired to establish a clear conclusion on the impact of diﬀerent
glazing materials on thermal eﬃciency for passive solar air collectors that are
driven by natural convection. New experimental cases are planned, and some
of them include the collector being mounted on an exterior wall of a building,
while other cases will concentrate on the inﬂuence of angle of inclination on
incident radiation. It is likely that computational ﬂuid dynamics (CFD) will be
employed as an auxiliary tool to investigate various ﬂow cases and prototype
variants. Furthermore, this will allow for a comparison between numerical and
experimental data.
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