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Abstract

Evaluating the outlet temperature of flow in passages with rectangular cross-
sections, like the solar air heaters, is still significant as it is vital for designing
solar systems. The reported results, so far, considered limited inclination angle,
but no work correlates the passage length to the efficiency of solar air heaters.
This research aims to correlate the air outlet temperature to the inlet of the solar
thermal channel, wall temperature, radiation intensity, and airflow rate at
different tilt angles and channel lengths. This work involves both numerical and
experimental work. For numerical analysis, the physical model of the solar
thermal channel is developed together with the mathematical model for the
system. A solution is proposed using iteration in the MATLAB program to find
the unknowns. A test rig based on the physical model is designed and fabricated
for experimental validation. Experiments were run at 90°, 70°, 50°, 30°, and 10°
tilt angles for 1.0, 1.5, and 2 m channel lengths. In addition, reading was taken
every 2 hours to investigate the system'’s transient behavior. Finally, results from
the numerical analysis are compared and validated with the experimental result.
The percentage error of the validation results is within the margin of 6% to 13%,
effectively. In addition, recommendations were provided for future work to
improve both the numerical and experimental aspects.

Keywords: Collector design, Collector inclination, Natural convection, Solar air
heating.
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1.Introduction

Solar energy collectors are special kinds of heat exchangers that transform solar
radiation energy into the internal energy of the transport fluid. The major
component of any solar system is the solar collector, a device that absorbs the
incoming solar radiation, converts it into heat, and transfers this heat to a fluid
flowing through the collector passage or inside conduits, like pipes. The most used
HTF in solar collectors is air, water, or oil.

Air-heating flat-plat solar collectors, abbreviated as Solar Air Heater (SAH), are
usually rectangular passages with inlet and outlet openings. The main engineering
concept behind SAH is natural and forced convection. The most common
applications of natural convection SAH are solar chimneys, Trombe Wall, and solar
drying. Evaluating the outlet temperature from convective SAH is still interesting as
it is the important design and operating temperature of various applications. Many
parameters engage in the process, such as the passage length, gap size, inclination
angle, absorber material, ambient temperature, irradiance, etc. Accordingly,
correlating the outlet temperature to the inlet at different conditions will simplify the
mathematical modeling of the phenomena. Many experimental and numerical
investigations have been done. Most of them are engaged with the rooftop solar
chimney and the Trombe wall. The performance of rooftop solar chimney
configurations and Trombe walls was evaluated to achieve optimum energy
conservation in buildings (Gan [1], Ong and Chow [2], and Hirunlabh et al. [3]).

Bouchair [4] showed that there is an optimum chimney length/gap width ratio
for maximum airflow rate for his 1.95-m-high and variable width chimney, which
was electrically heated. Hocevar and Casperson [5] had experimentally proved that
the velocity and temperature magnitudes in width size varying from 2.5 to 20 cm
of a vented 2.2 m high Trombe wall are functions of the gap width, ambient air
temperature, solar irradiance, wall temperature, and the elevation above the Trombe
wall inlet duct. Bansal et al. [6] developed a steady-state analytical model for
uniform wall temperature applied to a solar system with an SAH connected to a
conventional chimney. Gan [1] used 3D CFD techniques to study the parameters
that influence the performance of a Trombe wall. Using the concept of a thermal
resistance network, Ong and Chow [2] developed an analytical model to examine
the effects of the air gap and solar irradiation on the performance of different
rectangular cross-section chimneys assuming uniform heat flux on the heated wall.
The model is solved using matrix inversion. Harris and Helwig [7] also assessed
the impact of the inclination angle on the induced ventilation rate using the CFD
modeling technique.

Al-Kayiem and Yassen [8] presented and discussed the available literature
correlations commonly used to predict the free convection heat transfer coefficient
between the surfaces and the flowing air. Then, they performed experimental
measurements using a rectangular SAH with 0.48-m-width, 0.07-m-depth, and 2-
m length. The measurements were performed at inclination angles of 300, 500, and
700 to determine the optimum angle of the absorption-free convection mechanism
in a SAH. They concluded that the optimum inclination angle to achieve the best
collector performance was 500.

Prakash and Kamatchi [9] investigated a specially designed Step Serrated Fin
Plate Integrated Trough Array on the collector surface. They compared it with a
conventional flat plate collector SAH of the same collector area by natural
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convection. The average outlet temperature of the modified SAH and FPC SAH
varies from 44.5 to 74.5 °C and 38.0-48.2 °C, respectively. However, Gilani et al.
[10] experimentally investigated a SAH with pin-shaped protrusions installed on
the solar surface of the absorber plate. The gained heat transfer enhanced efficiency
by 26.5% compared to a smooth plat SAH. Also, their results demonstrated that the
optimum inclination angle of the absorber plate is 450 for Malaysian conditions.

A recent review on convective solar drying was reported by Boateng [11] and
Ortiz-Rodriguez et al. [12]. Both works presented and compared the performances
of the SAH under various designs and modifications. The use of solar chimneys for
natural ventilation of residential and non-residential buildings is reviewed by
Maghrabie et al. [13]. They concluded that solar chimneys have the advantage of
self-balancing according to the weather conditions. Most of the optimization of the
influencing parameters is related to the design of SC. The chimney length is not
studied individually but as the SAH air passage gap. To increase the SAHS'
efficiency, the SAH absorption plate was reconfigured by Rasheed et al. [14] as a
wire mesh layer and tilted at a specific angle. The heater was studied and contrasted
with a conventional flat absorber plate for three different mass flow rates. The
modified SAH was shown to have significantly greater thermal efficiency than the
conventional one. It promotes more even airflow through the absorber, increases
the surface area, and accelerates heat transfer, all leading to higher surface
temperatures in the duct [14]. A comprehensive review of various types of SAH is
reported by Ghritlahre et al. [15]. They presented and compared various SAHs and
the enhancement techniques and concluded that most of the research had been
studied experimentally or numerically, including enhancement by roughened
absorber surface, integration with packed/porous bed, attachment of extended
surface, and integration with TES.

However, the literature doesn't reveal any investigations considering the air
passage length's effect on the performance of SAH. On the other hand, some studies
in the literature recommended that the inclined solar chimney performs better than
the vertically installed ones but with no recommended optimum inclination angle.
Some other works investigated the SAH at a limited range of inclinations. Therefore,
this research investigates the heat transfer in rectangular passages to correlate the
outlet air temperatures to SAH's passage lengths and inclination angles. The
investigations have been performed experimentally and theoretically. This
experimental and analytical research considered the SAH performance at 1.0, 1.5,
and 2.0 m long and 10°, 30°, 50°, 70°, and 90° inclinations from the horizontal plane.

2.2.Methodology

The scope of this study is to do a numerical analysis of the physical model of a
solar collector to correlate the outlet to inlet air temperature, wall temperature,
insolation, etc., at various passage lengths and inclination angles. In addition, a
series of experiments are conducted to validate the results from numerical analysis;
the relationship between the parameters involved and observing the system's
transient behavior is also investigated.

2.1. Theoretical modeling

Figure 1 shows the energy and airflow model of the double-glazing solar collector
that was developed for this study.
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Upper glass layer, g;
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Fig. 1. Energy transfer model of double-glazing solar air heater.

The following are some of the assumptions made:

The entire system is in a steady state condition.

Friction losses are neglected due to the very low order of airflow velocity.
The airflow in the channel is laminar, as the estimated Reynolds number is
less than 2000.

The inlet air temperature is the same as the ambient temperature.

All energy transfer processes through the glass cover, absorber plate, and air
channel are one-dimensional.

Subsequently, a mathematical model was developed based on the physical
model above. The mathematical model was mainly used to predict the outlet air
temperature of the system at an inclined angle and varied passage length. The major
parameters included in this study are:

The surface temperatures of the absorber, Taps. and glazing surfaces, Tg1, Tgo.
The ambient air temperature, Tamb., temperatures of the air inlet (Tai= Tamb)
and air outlet, Ta.

The mean air temperature inside the SAH, Tam, is not considered as 0.5 (Tamo
+ Tao). In the present research, the recommendation of Hirunlabh et al. [3]
is adopted for correlating the mean air temperature inside the solar passage
with inlet and outlet temperatures. Refer to equation 8.

Inclination angle from the horizontal plane, 6.

Length of the passage, L.

The solar irradiance, S.

The following energy equations for the glazing surfaces, air passage, and
absorber surfaces were established to find the desired correlation.

At glazing 1:

51 + hc(TgZ - Tgl) + hr.g (ng - Tgl) = hr.sky(Tgl - Tsky) + hw(Tgl - Tamb)

)

At glazing 2:
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SZ + hg—a.m(Ta.m - ng) + hr.abs—g (Tabs - ng) = hc(ng - Tgl) + hr.g (ng -
Tg1) ¢

Substituting (2) into (1):

Sl + SZ + hg—a.m(Ta.m - ng) + hr.abs—g (Tabs - ng) = hr.sky(Tgl - Tsky) +

hw (Tgl - Tamb) (3)
In air passage:

habs—a.m (Tabs - Ta.m) = hgz—a.m(Ta.m - ng) + Qu (4)
At absorber:

kins
53 = habs—a.m(Tabs - Ta.m) + hr.abs—g (Tabs - ng) + (m) (Tahs - Tamb) (5)

The useful heat gained by air in equation (4) can be found in the following
equation.

Qu = me.air (Ta.o - Ta.in) (6)

Bansal et al. [6] and Andersen [16] proposed equation 7 to estimate the air flow
rate in the solar passages.

m = CdpairAO\/sz sinb (Tam—Tamb) (7)

(1+Ar2) Tamb
where, Ar = A¢/Ain

The discharge coefficient, Cq, is a function of the geometry of the solar chimney
and the volumetric flow rate. The value of C4 = 0.57 has been adopted, as provided
by Anderson [16]. To reduce the number of unknown variables and improve the
iteration solution, the mean air temperature inside an open passage is correlated, as
proved by Hirunlabh et al. [3].

Tom =VTao+ (1= Y)Tai (8)

Hirunlabh et al. [3] assumed a value of y as 0.75. In Ong and Chew [2]
experimental results, y was found to be equal to 0.74. The solar radiation heat flux
absorbed by the upper glass layer, S1, lower glass layer, Sy, and absorber plate, Ss,
is predictable as

S, =a,xH S, =tag xH Sy = T?ag,s X H 9)
The radiative heat transfer coefficient between glazing 1 and sky is given as:

h _ U€g1(Tg1+Tsky)(Tglz+Tsky2)(Tg1—Tsky) (10)
T-g=sky Tg1+Tsky

where sky temperature, Ty = 0.0552(T,,,)"° as recommended by Swinbank
[17]. The convective wind heat loss coefficient is given as:

h, =5.7+ 3.8V, (12)
where V, is the wind velocity.

The radiative heat transfer coefficient between absorber and glazing 2 is given as:
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_ U(ngz +Tabsz)(ng +Tabs)

hr.abs—g - (L+ 1 (12)

-1)
€g2 E€abs

where ¢ is Steffen-Boltzmann constant (5.67 x 108 W/m? -K#).

The convective heat transfer coefficient between glazing 2 and the air channel
is given as follows:

NuXKgir
hgz—a.m = % (13)
where:
Nu = 0.6(Gr.cosf.Pr)%? (14-a)
Pr = #a]i‘;f:.ir (14'b)
4

Convective heat transfer coefficient between the absorber and air channel,

N kair
habs—a.m = % (15)
Where:
Nu = 0.6(Gr.cos8.Pr)%? (16)

Air properties, u, C, k f, and v could be estimated from the empirical
relationships proposed by [3] based on tabulated data from handbooks for air
properties using the mean temperature value as Tairm = 0.5 (Tairo -Tairi). The
empirical relationships proposed by [3].

Lair = [1.846 + 0.00472 (T; — 300) x 1075] (17-a)
Cair = [1.007 + 0.00004 (T; — 300) x 10°] (17-b)
kqir = [0.0263 + 0.000074 (T; — 300) (17-c)
Pair = [1.1614 + 0.00353 (T — 300)] (17-d)
Vaiy = 22 (17-¢)
=i (17

In the case of convective heat transfer between glass 2 and air inside the channel,
the Tr in the set of equations 17 a-f is the average of the glass layer 2 temperature,
Ty, and mean air temperature, Tam, as 0.5(Tg2 + Tairm). In the case of convective heat
transfer between the absorber and air inside the channel, the T; in the set of equations
17 a-fis the average of the absorber plate temperature, Tans. and mean air temperature,
Tairm, @S T¢ = 0.5(Taps. + Tairm). From the equations above, Taps, Tg1, Tg2, Tairm, and Tair
o are the five unknowns that are to be solved. However, to find the empirical
relationship of air properties, where the calculation should be started, Taps, Tg2, and Ts
are first required to be known to calculate the mean air temperatures, Tairm. In other
words, Taps, Tg2, and T first need to be guessed to find their real value through the
method of iterations. However, the calculation can be very complex due to the many
unknowns involved. Thus, to simplify this problem, Taps, Tq1, Tg2 Values were known,
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and input was obtained from the experimental measurements for each particular case.
Now that with only tairm, Tr, and Tairo left to be unknowns; the problem could be
solved by substituting them into equation (5).

S3 = habs—a.m{Tabs - [VTair.o + (1 - Y)Tair.i]} + hr.abs—g(Tabs - ng) +
Kins
( ) (Tabs - Ta.i) (18-3.)

AWins

Rearranging,

Tabs—Tairi + hr.abs—g(Tabs‘ng)‘S3 _ kins(Tabs_Tair.i) (18'b)

Toiro = Taini +
atr-o atrt habs—amV¥ habs—am¥ (@Wins)

For this research, MATLAB v7.1 was used to program and solve the
mathematical model by iteration to solve numerically for Tair.o.

2.2. Experimental investigation

A test rig was designed and fabricated for experimental investigation in the Solar
Research site at Universiti Teknologi PETRONAS, Seri Iskandar, Perak, Malaysia
(Latitude: 4° 23' 17.68" N and Longitude: 100° 58' 28.61" E).

2.2.1. Experimental setup

The setup was designed so that there are three to five pieces. One piece with 1.0 m
long. Two pieces with 0.25 m long, and two pieces with 0.5 m long. When the 0.25
m long pieces are connected to the main 1.0 m piece, the length of the setup
becomes 1.5 m. when the two 0.5 m long pieces are connected to the main 1.0 m
unit, the setup becomes 2.0 m long. Each case is shown in Fig. 2.

Air outlet

DA

Data Logger

Airinlet at
A
ami

a.in

b

(b) (c)

Fig. 2. The experimental setup of the convective SAH. (a) the 1-m-long SAH
at 30°, (b) the 1.5-m-long SAH at 70°, and (c) the 2-m-long SAH at 30°.

Table 1 shows the material chosen for each component and their justifications.
The data collected from the experiment are solar irradiation, ambient temperature,
outlet air temperature, upper and lower glazing temperature, and absorber plate
temperature.
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Table 1. Material selection and justification.
Component Material Justification

e  Ease of fabrication.
e  Sheer clarity.
Double . !_ighter weight and better
glassing Perspex e insulation th_an glass.
e  Ease of fabrication.
e  Required for a short period to complete the
experiment and not for long-term usage.
e  Wase of fabrication.
Absorber Aluminum e High thermal conductivity.
e Lightweight and more economical than copper
Insulation Plywood e Low thermgl conductivity.
e  Cost-effectiveness

The setup was designed in a way for easy change of the inclination using a
rotating hinge. The change from one inclination to another was easy to change
manually. A contractor was fixed to the system to mark the setting angles inclined
from the horizontal at 10°, 30°, 50°, 70°, and 90°.

2.2.2. Measuring strategy and experimental procedure

The tools and equipment used for the data collection include the test rig, data
logger, thermocouple wires and probes, and solarimeter. Thermocouples are placed
along the length of the surfaces of the inner and outer glazing and absorber to
measure their mean temperature. Four thermocouples are placed along the wall
surfaces of 2 m length; three thermocouples are placed for 1.5 m length; 2
thermocouples for 1 m length. Measurements are taken every 2 hours intervals, at
8:00 a.m., 10:00 a.m., 12:00 p.m., 2:00 p.m., 4:00 p.m., and 6:00 p.m., to examine
the transient behavior of the system. All thermocouples were connected to a data
logger to record the temperatures of the selected points on the test rig, and the
weather station in the solar research site recorded the rest of the weather data. The
air exit velocity was measured by a portable hotwire probe.

The experiment starts with a 2-m-long SAH at a 90° inclination angle, followed
by 70°, 50°, 30°, and 10° from the horizontal axis. For each set of tilt angles at 2 m,
the readings are taken for 3 consecutive days to find the average result. After the 2
m configuration measurement is completed, the same procedure is repeated for the
1.5 m-long and 1.0 m-long SAH. The measurement of each SAH setting is repeated
for three days, and the mean values are adopted for the performance determination
and analysis. The experiments were performed in June 2016.

3. Results and Discussion

Although those average readings have been considered, it is necessary to clarify
that the data collected are sometimes inconsistent due to the sudden change of
weather (cloudy and rainy). Therefore, the following discussions are made based
on the overall observation rather than individual data records. This procedure
would minimize the experimental error and provide a general trend of the tested
SAH. Many cases of results presentation are plotted against time to observe the
system's transient behavior.

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)



Experimental and Numerical Investigation to Correlate Passage Length . . . . 3055

3.1. The experimental environment

Figure 3 shows the variation of mean ambient temperature for 2.0 m, 1.5 m, and
1.0 m passage lengths. It is observed that the ambient temperature profile is closely
following the solar radiation profile for each individual passage length. The
ambient temperature gradually increased, reaching its peak around 12:00 p.m. to
2:00 p.m. and then gradually reducing afterward. This trend is like many previous
measurements in the same location, such as [18, 19]. There is variation in the
environment of each tested length, and this is why the measurements have been
repeated three times to reduce the inconsistency.

B
o

w
(9]

—8—2-m length
1.5 m length
=—1.0 m length

Ambient Temperature (°C)
N W
a o

N
o

8:00 10:00 12:00 14:00 16:00 18:00
Time of the day

Fig. 3. The mean of three days measured
ambient temperature profile of each passage length.

The other important parameter recorded during each experiment is the solar
irradiance. The solar irradiation values are not global solar irradiation. The solar
incidence was measured by installing the solarimeter perpendicular to the upper
glass cover. Figure 4 shows the variation of solar irradiance during the day for 2.0
m, 1.5m, and 1.0 m passage lengths.

700
E 600
~
E 500
8 400
5
i'; 300 —8—2.0 m length
f 200 1.5 m length
_g 100 ={ll—1.0 m length
wy
0
8:00 10:00 12:00 14:00 16:00 18:00
Time of the day

Fig. 4. Mean of three days measured solar
irradiance profile of each passage length.

3.2. Validation of the mathematical model

The set of equations describing the hydrothermal process in the SAH was coded in
MATLAB software and run in iteration mode to solve for outlet air temperature.
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The experimental and mathematical results of the outlet temperatures have been
compared to validate the correctness of the developed mathematical model to
estimate the outlet air temperature. The validation results are shown in Table 2,
where the mean error is 9.65%. The inputs to the mathematical model are the mean
of three days' measurements of the solar irradiance, H, the lower layer glass
temperature, Tq, the absorber temperature, Tabs., and the ambient temperature,
Tamb. The comparison is made for all selected times in the day in the experiments,
from 08:00 a.m. to 06:00 p.m. The relative percentage of error is computed as:

TTheoretical ~TE. imental
eoretica xperimenta x 100 (19)
TTheoretical

Table 2. Validation results of the mathematical model of the SAH

Time Mean % Error
08:00 a.m. 6.21
10:00 a.m. 8.65
12:00 p.m. 11.9
02:00 p.m. 10.75
04:00 p.m. 10.03
06:00 p.m. 10.14
Average 9.61

3.3. Mathematical results

The predicted and measured outlet air temperature against the inclination angles of
1.0, 1.5, and 2.0 m passage length at noon are plotted in Fig. 5. The theoretical
model overestimates the outlet air temperature. In all cases, the predicted outlet air
temperature is higher than the experimental measurement results. This is most
probably because the wind is displacing the hot air with cooler ambient air in the
channel, thus making it lower than the theoretical results.

This ambient airflow is not accounted for in the mathematical model. On the other
hand, the deviation of theoretical results from the experimental results is higher at
low inclination angles, 10° and 30°. The overall percentage of relative difference,
computed by equation 19, is 11.9%.

55.0

g, 50.0

£ 45,0

s

o 40,0

3 ; ==:i

@ 350

T 300

Q@

3 250

0 10 20 30 40 50 60 70 80 90 100
Inclination angle (degree)

—8— Theoretical (2 m) — ® —Experimenta (2 m)
=i Theoretical (1.5 m) — % — Experimental (1.5 m)
—{l— Theoretical (1 m) — Il - Experimental (1 m)

Fig. 5. Outlet air temperatures versus inclination angles at 12:00 p.m.
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3.4. Experimental results

The results have been normalized and drawn as outlet-to-inlet air temperature ratios
for more realistic arguments. The air temperature increase in the SAH is shown in
Fig. 6 for all tested lengths at 12:00 p.m. at all tested inclinations. Results revealed
that the longer passage, of 2.0 m long, resulted in higher increment heat gain and
high outlet temperatures compared to the 1.5 and 1.0 long. On the other hand, the
lower inclination angle showed a large air temperature increment. The reason is the
longer residence time inside the passage. The air particles air gain heat and move
vertically, reaching the cover glass layer. In higher inclination angles, the particles
flow towards the exit with the least restriction by the glass cover. The path is more
open for the particles to move up and exit from the SAH.

1.20
.g W 2.0-m-long SAH
(1]
E 1.15 M 1.5-m-long SAH
"E F1.0-m-long SAH
2 1.10
£
2
= 1.05
E
=
@ 1.00
=
=
o
= 095

10 70 90
Inclination angle (degree)

Fig. 6. Comprehensive experimental results presentation that
correlates the outlet temperature to the SAH length and inclination.

However, the best indication for differentiation between the performance at
many inclinations and lengths is the SAH efficiency, where the ambient and process
parameters would be included. The efficiency, as determined by the experimental
investigation, is presented in Fig. 7. The figure demonstrates that for all tested
cases, with 1.0, 1.5, and 2.0 m long, the best performance and highest efficiency
are obtained at 500 inclination angles. With 500 inclination, the maximum
efficiencies are 21.2%, 16.7%, and 15.4% for 2.0, 1.5, and 2.0 m SAH long,
respectively. The beak efficiencies are measured in the afternoon, between 12:00
p.m. and 2:00 p.m.

Figure 8 is developed to compile the overall experimental results that correlate
the efficiency to the inclination and passage length of the SAH. Noticeably, the
length contributes to better efficiency, as the extra length increases the outlet air
temperature because the residence time of air particles inside the SAH is higher.
The overall percentage of improvement of the 2.0 m long SAH efficiency is around
136.2% compared to the 1.0 m long SAH.
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The other interesting finding is that the best performance of the SAH is at 50°
inclination for the three tested lengths of the SAH. These results agree with the
reported experimental results of [8] on the natural convection heat transfer in a
rectangular SAH. They concluded that the highest heat transfer is better at 500
compared to 30° and 70°. Also, the investigations of Mathur et al. [20] on the effect
of the inclination of the absorber on the airflow rate in solar-induced ventilation by
Roof Top Solar Chimney show similar conclusions. The results of [20]
investigations indicate that the best absorber inclination ranged from 40° to 60°,
depending on the latitude of the location, to have higher performance. An
inclination angle of 45° was found to be optimal for maximizing the ventilation rate
in Jaipur, India.
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B0 ;*:—#_.-:.&\\ =% @30 degree
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oy 200 ’ A My - @ @ 50 degree
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Fig. 7. The determined efficiencies from the
measurements of 2.0, 1.5, and 1.0 m long SAHs.
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=
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i
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Fig. 8. Comparison of the mean efficiency
of 1.0, 1.5, and 2.0 m long SAHs at different inclinations.

4. Conclusions

The research successfully correlated the performance to the length and inclination
angles of the solar air heater. A mathematical model is developed, coded in
MATLAB, and validated reasonably by comparison with experimental
measurements, with a mean percentage error of the results of 9.6%. It is proved that
longer air passage of SAH produces higher outlet temperature and higher
efficiency. The best inclination angle is 500, within the tested range of 10° to 90°.
This may vary in another location, as the experiment is conducted in a tropical
location. The contribution of the inclination angle to enhance the SAH performance
is higher than the passage length. The maximum efficiency is achieved in the
midday hours, from 12:00 p.m. to 3:00 p.m., for all examined lengths.

Nomenclatures

Cpair Specific heat of air

Gr Grashof number

hg-a.m  Convective heat transfer between glass and air channel, W/m?-K

hr-s Radiative heat transfer coefficient between glazing 1 and sky,
W/m?-K

Prabs-g Radiative heat transfer coefficient between absorber plate and
glazing 2, W/m?-K

hw Wind convective heat transfer coefficient, W/m?2-K

H Incident solar radiation measured on the upper surface, W/m?
Kair Thermal conductivity of air, W/m-K

Kins Thermal conductivity of wall insulator, W/m-K

Nu Nusselt number

Qu Useful gained heat to the air stream, W/m?

Pr Prandtl number

S Solar radiation heat flux absorbed by glazing 1, W/m?

Sz Solar radiation heat flux absorbed by glazing 2, W/m?

S3 Solar radiation heat flux absorbed by the absorber, W/m?
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Tabs the temperature of the absorber plate, K

Tamb ambient temperature, K

Ta.mean the mean temperature of the air in the channel, K
Tair.i air temperature at the inlet of the channel, K
Tairo air temperature at the outlet of the channel, K
To Temperature of the glazing 1, K

To2 the temperature of the glazing 2, K

Toky sky temperature, K

\Y wind velocity, m/s

Greek Symbols
Aw;p The thickness of insulation behind the absorber, m

Ut

inclination angle with the horizontal surface
kinematic viscosity of air

i dynamic viscosity of air

Pt density of air

S Coefficient of volumetric expansion

o1, 02 The absorptivity of glazing 1, 2

03 The absorptivity of absorber

&g The emissivity of glazing 1, 2

Eabs. The emissivity of absorber

y constant for mean air temperature approximation
0,72 transmissivity of glazing 1, 2
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