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Abstract

Thermal performance of the solar air collectors which are mostly used for space heating and drying is generally low. Therefore
there are different studies aimed at increasing the thermal performance of the solar air collectors. One of the technics used for this
purpose is making changes in surface geometry of the absorber plate. In this research, the thermal performance of two solar air
collectors constructed with trapezoidal corrugated and flat absorber plate is investigated experimentally under weather conditions
of Konya/Turkey. The experiments were conducted for three different air mass flow rates of 0.022, 0.033 and 0.044 kg/s. The
results obtained are compared to the ones of solar air collector with flat absorber plate. It has been observed that difference
between inlet and outlet air temperatures of the solar air collectors increases as the mass flow rate decreases. For the air mass flow
rate of 0.022 kg/s, the maximum temperature rise in solar air collector with trapezoidal corrugated plate is 9 °C compared to the
flat plate solar air collector. It has been shown that thermal performance of the solar air collectors rises with the increase in mass
flow rates. It is determined that the average daily thermal efficiency of the solar air collector with trapezoidal absorber plate is
63% for 0.044 kg/s.

Nomenclature m  Mass flow rate (kg/s)

A.  Duct cross-section area (m?) Nu  The mean Nusselt number

A,  Surface area of the absorber plate (m?) P Wetted perimeter of duct (m)
C,  Specific heat capacity of air (J/kgK) Q, Daily total useful heat rate (W)

D,  Hydraulic diameter of the duct (m) 0, Useful heat rate (W)

Er  Relative error (%) Pr  Prandtl number

f The average friction factor Any parameter

h The mean convective heat transfer coefficient (W/m*K) Reynolds number

H  Height of the duct (m) Ambient temperature (°C)

1 Global solar radiation on the glass cover (W/m?) The average bulk temperature of air (°C)
k Thermal conductivity of air (W/mK) Average inlet temperature of air (°C)
Average outlet temperature of air (°C)

Highlights Average surface temperature of the
* Two various types of solar air collectors with different absorber plate absorber plate (°C)

were investigated experimentally.

» The comparisons including temperature differences of air across the
solar air collector and thermal efficiencies have been made.

» The thermal efficiency of the solar air collector with trapezoidal
corrugated absorber plate is found to be higher.

* The thermal efficiency of the collectors increases with increase in mass
flow rate.

SNNNNE®

Temperature difference of air (=7, — T;) °C
Average velocity of air in the duct (m/s)
Width of the duct (m)

wg  Uncertainty for R value

>
S

>4 Seleuk Darici Greek symbols

sdarici@ktun.edu.tr p  Density of air (kg/m’)
p  Dynamic viscosity of air (kg/ms)

o ‘ 1 Thermal efficiency
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1 Introduction

In Turkey solar energy is used mostly in hot water production
systems. There hasn’t been enough progress in terms of tech-
nology and application of solar collectors with air fluid com-
pared with solar collectors having liquid fluid. Air heated in
solar air collectors is used for an efficient drying in traditional
convection type dryers under controlled conditions, as well as
in space and greenhouse heating or paint spraying
implementations. In addition to this, there has been an in-
crease in use of the solar air collectors in ventilation applica-
tions for pre-heating of fresh air.

Light materials can be used in the design process of solar
air collectors since they are not pressurized. Moreover they
draw much attention on them in terms of being more inexpen-
sive, having longer lifetime with easy installation and low
operation costs. Also, they don’t have any freezing and corro-
sion risks, and any air leakage problems. However, because of
the air is weak compared with water in terms of thermody-
namic properties, the efficiency values in solar air collectors
are low. Different technics are being developed and imple-
mented in order to decrease the heat loss into the environment
and increase the heat transfer from absorber plate to the air.
The most preferred ones can be mentioned as; increasing the
number of transparent covers, making use of padding materi-
al, different fluid arrangements, adding wings to absorber
plate and making use of absorber plates with different types
of surfaces. The general purpose in these efforts is to increase
the coefficient of heat transfer between the plate and air.

Priyam and Chand [1] have investigated the effects of mass
flow rate, distance between fins and solar radiation on air
temperature and thermal efficiency of wavy finned solar air
heater experimentally under Jampshedbur weather conditions.
The maximum efficiency was found to be 69.5% for mass
flow rate of 0.0158 kg/s and distance between fins of 2 cm.
Kumar et al. [2] have made an experimental study on defining
the heat transfer and friction characteristics of a solar air heater
roughened up artificially and having different w-formed pro-
trusions on one side of the absorber plate. Saini and Verma [3]
have studied experimentally in order to identify the effects of
roughness and operating parameters of a solar air collector in a
dimple formed roughened geometry channel on heat transfer
and friction. They developed some correlations for Nusselt
number and friction factor by using the data collected from
the experiments. Ligrani et al. [4], by using flow visualization
technique, presented the flow characteristics for a channel of
which one wall with dimple surface and the opposite wall with
and without protrusions. As a result local Nusselt numbers and
local friction factors of the channel with protrusions on the
upper wall have been found to be higher compared to the
channel without any protrusions on the upper wall.

Chukin et al. [5] have investigated the effects of the con-
verging and diverging channel geometry on the heat transfer
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for the flow on one hemisphere. Yadav et al. [6] have per-
formed an experimental study on protrusions arranged in an
angular form and roughened geometry. They have observed
that heat transfer and friction factor increased respectively
2.89 and 2.93-fold compared to the smooth channel. Ravi
and Saini [7] have made a study to investigate the effects of
roughness parameters of a channel with discrete multi V
formed and gradual ribs double pass on the thermo hydraulic
performance. They concluded that roughness geometry used
at the two sides of the plate in the double pass mode increased
both the friction losses and the heat dissipation rate.

Khadraoui et al. [8] have made an experimental study by using
the thermal heat storage in order to increase the efficiency of a
simple fabricated solar air heater. In the study the temperature of
the air outgoing from the collector during the night has increased
when PCM was used. Daily thermal efficiency of the air heater
reached 17% without PCM, while it reached 33% with PCM.
Sridhar and Reddy [9] have aimed at reducing the heat loss
occurring at night time to the possible minimum by using trans-
parent isolation material in solar air collectors. Analyses have
been made for different thicknesses of isolation material and for
different collector tilt angles. Hatami and Bahadorinejad [10]
have experimentally analyzed the heat transfer with natural con-
vection at a solar air heater having a vertical flat absorber plate
which is covered with one and two glass surface of 1 m width and
2.5 m height. The maximum thermal efficiency is achieved when
the air heater has two glass covers on it.

Moummi et al. [11] have performed some experiments
using solar air collectors having rectangular finned plate
placed vertically to the flow. Outcomes of experiments per-
formed with or without wings have been compared. In the
experiments two absorber plate types namely ‘selective (cop-
per)’ and ‘non-selective (aluminum with black colored)’ have
been used. For north eastern India climate conditions effects
of the different parameters on the performance of a solar air
collector have been studied experimentally by Debnath et al.
[12]. Parameters employed in the experiments are collector tilt
angle, number of glass cover, air mass flow rate and structure
of absorber plate surface. The total efficiency increase has
been discovered to be within the range of 10.35% - 17.42%
with the increase in number of glass cover and mass flow rate.
By the use of corrugated absorber plate energy efficiency in-
creased 14%. Sebaii et al. [13] have investigated solar air
collectors with double pass flat and v-corrugated theoretically
and experimentally. Effects of the air mass flow rate on pres-
sure drop, thermal and thermo hydraulic efficiency of the solar
air heaters have been studied. Thermal efficiency of the dou-
ble pass v-corrugated solar air heater is found to be 11% to
14% higher than flat plate solar air heater.

Aldabbagh et al. [14] have used wire mesh as the fluid bed
in single and double pass solar air collector and by this way
they tested the performance of the collector experimentally.
They discovered that with using wire mesh thermal efficiency
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has significantly increased compared to the solar air collectors
having conventional flat absorber plate. Karim and Hawlader
[15] have performed experimental investigation of three types
of solar air collectors which are respectively having ‘flat’,
‘with finned” and ‘v-corrugated’ absorber plates in order to
design a solar collector suitable for solar drying. The collector
with v-corrugated plates has been found to have the highest
efficiency while flat plate collector has the lowest.

Ozgen et al. [16] have made an experimental analysis on a
flat absorber plate double pass solar heater on and under
which aluminum cans are placed. Within the study three dif-
ferent types of absorber plate have been tested and the highest
efficiency has been achieved for the absorber plate with the
aluminum cans placed staggered. Tyagi et al. [17] have inves-
tigated experimentally the energy and exergy analysis of two
typical solar air heaters one with and the other without tran-
sient thermal energy storage material. Higher efficiency
values have been achieved when the heat storage fluid have
been employed. Bashria et al. [18] have developed a mathe-
matical simulation in order to calculate the performances of
solar air collectors with single or double glass cover, contain-
ing or not porous medium, with v-corrugated different forms
of absorber plates. Both single and double flow types have
been tested and as a result efficiency for double flow has been
found to be 4%—5% higher than for single flow.

Dabra and Yadav [19] have designed a solar collector with
coaxial glass tube in order to produce hot air and developed a
mathematical model based on energy conservation equations
for small control volumes along the axial direction of glass
tube. In their study they investigated the effects of thirteen
different parameters on the increase in the temperature of air
outlet the collector. Aidinlou and Nikbakht [20] have designed
a new air heating simulator with solar energy considering the
comprehensive applications in Inagro industry. By using a
mounting type so as to increase the heat transfer surface area,
a smooth and effective heat diffusion have been obtained on
the channel. Within the Reynolds number interval studied the
highest thermo hydraulic performance has been achieved for
1000 W/m? heat flux. Kulkarni and Kim [21] have performed
experiments on an air heater with solar energy in order to
determine the effects of different blockage types and blockage
arrangements on the performance of air heater. Results of the
study have shown that performance factor is greater than one
for all conditions tested and pentagonal blockage type has the
best performance. Skullong et al. [22] have performed an ex-
perimental analysis to investigate the heat transfer and friction
characteristics on a solar air collector with rib having different
geometry and staggered thin rib. Experiments have been car-
ried out in a range of 5000-24,000 Reynolds number. For in-
line rib array higher heat transfer and pressure loss have been
achieved compared to staggered and single rib arrangement.

Although collectors with V-shaped, rectangular, square and
triangular winglets and blockages were found to be more

efficient compared to flat plate solar air collectors but an exact
comparison could not be made due to differences in air mass
flow rate, collector sizes, number of transparent covers, type of
convective heat transfer, test facility, test procedure and climatic
conditions. It is evident from the literature survey that no detailed
experimental investigation on temperatures and energy perfor-
mance for different air mass flow rates of single flow, double
glazing, trapezoidal corrugated absorber solar air collector with
forced convection is carried out. The main objective of this study
is to carry out the thermal performance analysis of two solar air
collectors with absorber plate having flat and trapezoidal corru-
gated surface by designing, constructing and analyzing experi-
mentally under the weather conditions of Konya/Turkey with
different air mass flow rates. The results of the thermal perfor-
mance analysis are presented comparatively among solar air
collectors having two different types of absorber plates. The
results were compared with results available in the literature.

2 Experimental setup and procedure

In this study, two identical solar air collectors which of one with
flat absorber plate and the other with trapezoidal absorber plate
have been designed and implemented. Thermal performances of
the both collectors have been investigated and the results
achieved have been presented comparatively. The experimental
set-up established for this purpose consists of glass covered
solar collectors which contains flat and trapezoidal absorber
plates and wooden frames, air inlet and outlet channels, radial
fans, hot air drying cabins and measurement system. Schematic
view of the experimental set-up is provided in Fig. 1.

Solar air collectors have been constructed of (196 x 98 x
20) cm dimensions. Two normal window glasses with a thick-
ness of 4 mm were used as the transparent cover. Collector
frame was made of wooden namely Medium Density
Fiberboard (MDF). Air flow in both collectors is provided
under the absorber plate. The height of the air flow duct is
8.5 cm. A radial fan with a maximum 90 W is used to supply
the needed air into the solar collector. Absorber plates are
made up of aluminum sheet with 0.5 mm thickness and the
upside of them were painted with matte black color to absorb
more solar radiation. The bottom and lateral sides of the col-
lector frames were insulated by means of plate formed foams
with 5 cm thickness in order to reduce heat losses to ambient.
The air tightness of the glass that is used as the transparent
cover was realized by using rubber cords and putty. The two
hoods that regulate the air coming from the fan to collector
inlet and exiting from collector outlet to inlet of the drying
cabin were made up of galvanized sheet metal.

The experimental set-up can be moved on the ground by
means of wheels under it. The experiments were conducted at
the Konya Technical University campus in clear weather condi-
tions in Konya (37:52°N latitude; 32:31°E longitude). In
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Fig. 1 Schematic view of the
experimental set-up
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summer months, the collectors were oriented facing south and
tilted to 22.5 © angle with respect to the horizontal plane (local
latitude minus 15° value) in all experiments. All experiments
were carried out daytime between 9 am and 5 pm with clear
sky. The experiments have been carried out for three different
mass flow rates (0.022, 0.033 and 0.044 kg/s) both for flat plate
and trapezoidal corrugated plate solar air collectors. A constant
mass flow rate was used during the day for any experiment. The
ambient temperatures, temperatures of the air coming into/out of
collector, surface temperatures of the upper glass and the absorb-
er plate surface, velocity of the wind, and the amount of total
solar radiation received by the collector surfaces have been mea-
sured hourly and written down during the experiments.

The absorber plate with trapezoidal corrugated profile is
used at the top side in order to enlarge heat transfer surface
and benefit more from the solar radiation. The section views
of the collectors are given in Fig. 2. All dimensions in these
figures are in mm. The technical specifications for the solar air
collectors tested are given in Table 1.

Temperature measurements were done using K-type ther-
mocouples. Thermocouple used for measuring the ambient
temperature has been placed under the collector’s case in order
to protect it from direct sun light. The values of the average
velocity of the air at the exit of the collectors were measured
by a calibrated anemometer (Kestrel 4300). The air mass flow
rate was calculated by eq. (5). The average flow velocity in the
ducts was determined by means of the mass flow rate value.
The revolution speed (rpm) of the air circulation fans were
controlled by means of a dimmer (speed controller). All
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temperature rates used in collector experiments have been
constantly monitored. Temperature values measured have
been recorded with a 30 channel data acquisition system
(COMET MS6D) which is controlled both manually and by
computer. The incident hourly global solar radiation intensity
on the inclined collector surfaces was measured with a
pyranometer (Kipp & Zonen). In order to record the solar
radiation levels different record equipment is also used.

Uncertainty of the experiment results depend on the errors
made during the measurements. Let the R be a result achieved
depending on the independent parameters of xi, X5, X3, X.
And let Wj, be the uncertainty of the result R, and let wy, w»,
ws ..., w, be the uncertainties of the parameters x;, X, X3, ...,
x, respectively. By using Wy (Eq. (1)) [23, 24] can be calcu-
lated. Relative errors of the measured and calculated parame-
ters can be determined by the expression (2).

Wpr = a—Rw 2+8—Rw 2+ +6—Rw2
B4\ ow ! 0xy 2 ox,

W
Ep = TR*IOO (2)

1/2

(1)

Temperature difference of the air coming into and out of
collector, total solar radiation incident to the tilted surface, the
mass flow rate of the air, the useful heat gain of the air, uncer-
tainties in thermal efficiency and the relative errors have been
presented in Table 2.
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Fig. 2 Section views of the =
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3 Data analysis

Instantaneous thermal efficiency of a flat plate solar air collector
is the ratio of the useful thermal energy conveyed into the air
(the working fluid of the collector), to the average thermal en-
ergy stemming by solar radiation on the collector surface from
the sun at the same time interval. Under the steady state condi-
tions, mathematically thermal efficiency of a solar collector is
expressed by Hottel-Whillier-Bliss equation [25].

0,
= 3
"=, (3)
Thermal efficiency of the solar air collector depends on
many parameters such as; optical efficiency of the absorber
surface and transparent cover, geometry of the absorber sur-
face, type of the flow arrangement, solar radiation amount

Table 1 Technical specifications of the solar air collectors
Component Technical specifications
Flat absorber plate Aluminum; (850 x 1820 x 0.5) mm

Heat transfer area: 1.547 m?
Aluminum; (850 x 1820 x 0.5) mm
Heat transfer area: 1.978 m>

Trapezoidal absorber plate
Plate surfaces Plain, matte black painted

Normal window glass, thickness:
4 mm, 2 pieces

XPS (extruded polystyrene), thickness:
50 mm (85 x 850 x 1820) mm

Wooden: Medium-density fibreboard;
(940 x 1840 x 18) mm

Fan Radial, 275 m*h, 90 W

Transparent cover

Insulation
Air flow duct

Collector frame

incident on collector surface, tilt angle of the collector from
the horizontal surface, mass flow rate of the air, temperature of
the ambient and the velocity of the wind.

The useful thermal energy for a solar collector is defined as
the heat transferred from the absorber plate of the collector to
the fluid exerted. Depending on the air temperatures at the
inlet and outlet of the collector, the useful thermal energy
gained by the collector under the steady-state condition can
be calculated as below.

Q, = mCy(T,=T) (4)

Mass flow rate of air circulating in the collector is deter-
mined according to the following expression.

m= pVA. (5)

Daily mean efficiency is more important practically for
solar collectors. Daily mean thermal efficiency of the solar
collector can be calculated as [26];

Oy

_ 6

Na Ang 7 ( )

Total daily useful energy collected in the collector is deter-
mined as;

Qd = Z’}:le (7)

Reynolds number (Re) for the flow within the air duct has
been written as [27];

_ pPVDy
1

Re (8)
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Table 2 The uncertainties and relative errors for measured and
calculated quantities

Parameter Max. value  Uncertainty Relative
error (%)

Temperature difference 42 +0.141 0.34

of the air, AT (°C)

Solar radiation, / (W/m? 1026 +10 0.97

Air mass flow rate, m (kg/s) 0.044 +1.324%107°  3.01

Useful heat gain, Q,, (W) 1172 +9.237 0.79

Thermal efficiency 7 (%) 74 +0.015 2.03

The mean experimental Nusselt number in duct (Nu) is
calculated as follows;

hDj,
= (9)

Nu

The mean convective heat transfer coefficient (h) from the
absorber plate to the working fluid in the channel is given by [27].
Qlt

h—— Zu
Ap(TP_Tb)

(10)

The hydraulic mean diameter (D) of the rectangular duct is
determined as;

Dy, :426 (11)
D, m (12)

The all thermo physical properties of the air in the duct are
evaluated at the mean bulk temperature of 7}, defined as;
T i T 0
Ty = (13)

In order to obtain the thermal properties of air such
as density, thermal conductivity, specific heat at constant
pressure and dynamic viscosity in the temperature range
of 280-470 K the following equations were used re-
spectively [28].

p = 3.9147-0.016082T} + 2.9013x10°77-1.9407x10° 73 (14)

k = (0.0015215 + 0.0974597,~3.3322)x107> (15)

cp = 999.2 + 0.1434T), + 1.101x10*77-6.7581x10 73 (16)

p = (1.6157 + 0.06523T;-3.0297x107%)x10°¢ (17)
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4 Results and discussion

Purpose of this study is to enhance the thermal efficiency of a
solar air collector by making use of a passive method.
Therefore two identical solar air collectors, which one with
flat absorber plate and the other with trapezoidal corrugated
plate, have been designed. After implementation of the collec-
tors, experiments have been performed on them in August
2016 for the air mass flow rates of 0.022, 0.033 and
0.044 kg/s and thermal efficiency of the collectors have been
investigated simultaneously. Results achieved have been pre-
sented comparatively for both collectors.

Both collectors have been subjected to experiments simul-
taneously for each air mass flow rate by four days. In order to
compare the thermal efficiencies of the solar air collectors
accurately, days of which the hourly radiation values are anal-
ogous have been picked. Hourly changes in global solar radi-
ation amount incident to tilted collector surface have been
presented in Fig. 3. For each of three mass flow rates, solar
radiation values are very similar to each other. As seen from
the figure, radiation values change between 474 and 486 W/
m?” at 9 am rise to 1013-1026 W/m? at 1 pm and decrease to
400-450 W/m? at 5 pm. Maximum solar radiation is measured
as 1026 W/m? at 1 pm. In the tests performed for different
mass flow rates there has been a maximum 10 W/m? differ-
ence observed between the daily average solar radiation
values. The mean solar radiation intensity was about 787 W/
m? for all days.

Hourly changes in the temperature of the ambient during
different days of the experiments can be seen from the Fig. 4.
As shown in the figure, the ambient temperatures increase
with the solar radiation level up to 4 pm starting from 25 to
27 °C in the morning. After 4 pm, ambient temperature de-
creases with the decreasing solar radiation level. Along the
day, ambient temperature changes between 26 °C and 35 °C.
A temperature difference of 2.5 °C at max has been observed
in the ambient temperatures measured hourly at different days.
The maximum air temperature difference observed in daily
average ambient temperature values is 2 °C. Since the exper-
iments were carried out on consecutive days, there has been

1200

1000 A

800

—a—Day of 0.044 kg/s
—e—Day of 0.033 kg/s
—+—Day of 0.022 kg/s

600

Solar radiation, I (W/m?)

400 A

9 10 11 12 13 14 15 16 17
Time of day (hour)

Fig. 3 Comparison of solar radiation intensity for different days
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Fig. 4 Hourly variation of the ambient temperatures for different days of
the experiments

very little change in the ambient temperatures and solar
radiations.

Figure 5 is prepared in order to compare the solar collectors in
terms of heat transfer performance and to determine the effects of
the absorber plate surface geometry. Change of the average
Nusselt number depending on Reynolds number is presented
in this figure. In order to verify the experimental data, experi-
mental mean Nusselt numbers calculated for the flat plate col-
lector have been compared to the two different correlation results
suitable for the problem. One of the correlations is the one which
is suggested by Kays and Crawford [27] for the turbulent flow
between two parallel plates of which one side is heated and the
other side is insulated (Eq. (18)). The other correlation is the one
which is suggested by Gnielinski for turbulent flow at low
Reynolds numbers (2300 < Re < 10*) [29]. The average friction
factor through channel depends on the Reynolds number for
turbulent flow can be determined by the relation (20).

Nu = 0.0158Re"® (18)

~(£/8)(Re-1000)Pr
14 12.7(7/8) (Pr-1)

(19)

f =1[0.79 In(Re)—1.64] > (20)

As seen from the Fig. 5 for both collectors, Nusselt num-
bers increase depending on the increase in Reynolds numbers.
For flat plate solar collector, experimental mean Nusselt

%3
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—#—Flat plate
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(=]
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= 40 A N

2 —— Trapezoidal plate
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£ 30 4

2

:

Z 20
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@
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Fig. 5 The average Nusselt numbers versus Reynolds numbers
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Fig. 6 Changes of temperatures for both solar air collectors in 0.033 kg/s

numbers have been found to be larger than the theoretical
values. There have been 9-18% and 8-30% diversions be-
tween experimental Nusselt numbers and the Nu values cal-
culated from the Gnielinski [29] and Kays and Crawford [27]
correlations, respectively. It should be noted that for the flat
plate collector, theoretical Nu values calculated from the Kays
and Crawford correlation are lower 1% to 12% than the values
calculated from the Gnielinski correlation. With the increasing
Reynolds number, boundary layer thickness decreases at the
plate surface and the useful heat amount transferred to air
increases. Heat transfer at the trapezoidal absorber plate col-
lector, depending on the Reynolds number, has reached to
1.4-1.77-fold of that of flat plate collector. As a result of the
increasing heat transfer area in touch with the fluid although it
is in the same projection area and the extra turbulence effects
occurred in the flow, Nusselt number increases [30, 31].
Figure 6 depicts the hourly changes of temperatures of the
air inlet and outlet of collectors and absorber plate surface for
flat plate and trapezoidal corrugated plate solar air collector at
0.033 kg/s mass flow rate. The temperature of the air entering
the collectors increases very slightly starting from moming up
to 3 pm and then it decreases. The temperature of the air enter-
ing collectors gets around 30-34 °C daily. Temperatures of the
air outgoing the collectors and the absorber plate surface tem-
peratures increases up to noon time and reach its maximum
value at 1 pm. Depending on the decreasing solar radiation,
aforementioned temperatures decrease in the afternoon.
According to the values measured hourly, maximum tempera-
tures of the air entering to and going out from the flat plate
collector and absorber plate surface are 34 °C, 61 °C and

[
S

'S
S

—=—Flat —e—Trapezoidal

Temperature difference, AT (°C)

9 10 11 12 13 14 15 16 17
Time of day (hour)

Fig. 7 Changes of the temperature difference for two types of collectors
form = 0.022 kg/s

@ Springer



1840 Heat Mass Transfer (2020) 56:1833-1843
0.7 0.8
06 -

— s

% 0.5 & 0,6

5 5

g 04 2

5 S o4

= 034 =

£ ) £

é 0.2 —#—Flat —e—Trapezoidal 2 o2 —=—Flat —e—Trapeze
0.1
0.0 0.0

9 10 11 12 13 14 15 16 17
Time of day (hour)

Fig. 8 Efficiency comparison for two types of collectors for
m = 0.022 kg/s

105 °C, respectively. Similarly, the average values for those
temperatures measured daily for flat plate collector is respec-
tively 32 °C, 50 °C and 84 °C. For the trapezoidal collector,
maximum hourly values of these temperatures measured from
the experiments are 33 °C, 65 °C and 80 °C, respectively. The
daily average values for trapezoidal collector observed for those
temperatures are 31 °C, 53 °C and 65 °C, respectively.

By comparing the absorber plate surface temperatures seen
in Fig. 6, temperatures of the trapezoidal corrugated plate sur-
face is found to be lower than the flat plate surface temperatures
during the experiments. Since trapezoidal corrugated absorber
plate has more heat transfer surface area, air passing through the
channel contacts more with the hot plate surface area. Thus,
more heat transfer occurred in comparison with the flat absorber
plate. This result obtained from the study is similar with the
findings of Karim and Hawlader [15] and Kabeel et al. [32].
Another conclusion drawn from the figure is that the air outlet
temperature for the trapezoidal collector during the day is great-
er than for the flat plate collector. This is because of the trape-
zoidal collector has more heat transfer surface area.

In Fig. 7, a comparison of difference between inlet and
outlet air temperatures of the collectors have been depicted
for flat and trapezoidal corrugated absorber plate at
0.022 kg/s mass flow rate. Temperature difference of the air
increases from morning time similarly to the solar radiation
for both collectors and reaches its peak value at noontime. In
the afternoon, it constantly decreases up to the sunset. From
the figure it can be concluded that for the trapezoidal absorber
plate collector increase in the temperature of the air is larger by
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Fig. 9 Change of the temperature difference for two types of collectors
for m = 0.033 kg/s
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Fig. 10 Efficiency comparison for two types of collectors for
m = 0.033 kg/s

2.8-5.5 °C than for the flat plate collector during all day ex-
cept noon time. Air temperature difference is about 9 °C when
the temperatures reach their peak values at 1 pm. The air
temperature difference occurs between two collector models
because of trapezoidal absorber plate collector has more heat
transfer area when compared with the flat plate collector.
Since the air passes with lower velocities through the channel
at smaller mass flow rates, air contacts with the hot absorber
plate surface for a longer period of time and as a result, air
reaches higher temperatures until it gets out of the collector.

The instantaneous efficiency comparison for the two types
of collectors at the mass flow rate of 0.022 kg/s is given in
Fig. 8. Curves for thermal efficiency vary similarly with the
curves of solar radiation and temperature increase in collectors.
The maximum thermal efficiency rates at mass flow rate of
0.022 kg/s for the flat plate and trapezoidal plate collectors are
53% and 60% at noontime, respectively. Consequently, thermal
efficiency of the trapezoidal plate collector is clearly higher than
the flat plate collector’s. The main reason for the difference in
thermal efficiencies is that we can benefit more from solar ra-
diation energy in the unit time with the increasing surface area
of the absorber plate. In addition, useful heat gain from the plate
to the air in the channel is larger for the trapezoidal corrugated
plate in comparison with the flat plate collector.

Comparison of the air temperature differences between col-
lector inlet and outlet is shown in Fig. 9 at the mass flow rate
of 0.033 kg/s. This figure displays that air outlet temperature
for the trapezoidal plate collector is larger than the flat plate
collector’s for the same reasons discussed earlier. Maximum
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Fig. 11 Change of the temperature difference for two types of collectors
for m = 0.044 kg/s
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Fig. 12 Efficiency comparison for two types of collectors for
m = 0.044 kg/s

level of air outlet temperature is found to be larger by 5.5 °C
than the flat plate collector for trapezoidal corrugated plate
collector at mass flow rate of 0.033 kg/s for. Increase in the
outgoing air temperature for the trapezoidal corrugated plate
collector is larger by 1.7-4.4 °C than flat plate collector during
the whole day except noontime.

The change of instantaneous thermal efficiencies with re-
spect to time of day for both solar collectors considered at the
mass flow rate of 0.033 kg/s is depicted in Fig. 10.
Figure clearly shows that thermal efficiency of the trapezoidal
plate collector is larger than the flat plate collector’s. For both
collectors, peak values of thermal efficiency are achieved at
1 pm. Instantaneous maximum thermal efficiency observed
for the flat plate and trapezoidal plate collectors are 59% and
71%, respectively. By examining the Fig. 8 and the Fig. 10
together it can be concluded that instantaneous thermal effi-
ciencies of both collectors for the air mass flow rate of
0.033 kg/s are greater than for 0.022 kg/s.

Comparison of the flat and trapezoidal corrugated plate
collectors in terms of the air temperature difference is given
in Fig. 11 at highest air mass flow rate of 0.044 kg/s.
Trapezoidal corrugated plate collector has the higher increase
in temperature of the air compared to flat plate collector. It
should be noted that this result is originated from the fact that
trapezoidal corrugated plate collector has larger heat transfer
area compared to the flat plate collector. Also extra turbulence
effect occurred in the flow rises the heat transfer coefficient of
air flowing across plate. It is inferred from the figure that when
both collectors are compared for air mass flow rate of

0.044 kg/s increase in temperature of the air is smaller than
the other air mass flow rates. The maximum level of the in-
crease in the air temperature for trapezoidal corrugated plate
collector is higher than the flat plate collector by 2.5 °C in
average. The temperature of the outgoing air for trapezoidal
corrugated plate collector is higher by 1.0-3.0 °C during the
whole day except noon time compared to flat plate collector.
Since the contact time of air with the absorber plate surface is
shorter at higher air mass flow rates, temperature rise of the air
in the collector is lower according to the smaller air mass flow
rates.

Changes in the instantaneous thermal efficiencies of the flat
and trapezoidal corrugated plate collectors during the day at
0.044 kg/s are shown in Fig. 12. Thermal efficiencies have its
maximum levels for both collectors at 1 pm. The maximum
thermal efficiencies for the flat and trapezoidal corrugated
plate collectors are 67% and 74%, respectively. Thermal effi-
ciency values for the trapezoidal corrugated plate collector are
larger than flat plate collector along the day. Considering the
all thermal efficiency values achieved for all air mass flow
rates, the maximum level is reached for 0.044 kg/s. Heat trans-
fer increased with the larger increasing absorber plate surface
area and turbulence effect in the flow which resulted in to
improve the thermal efficiency of the collector.

Daily average thermal efficiency values for collectors is
more convenient in practically. In order to make a more accu-
rate comparison between both collectors, effect of air mass
flow rate on the daily average thermal efficiency of the col-
lectors is portrayed in Fig. 13. As shown by the figure, daily
average thermal efficiencies for flat plate collectors are 0.42,
0.48 and 0.54, while thermal efficiencies of trapezoidal corru-
gated plate collectors have 0.48, 0.58 and 0.63 for air mass
flow rates of 0.022 kg/s, 0.033 kg/s and 0.044 kg/s, respec-
tively. It is clearly determined that average thermal efficiency
for trapezoidal corrugated plate collector is higher by 14-21%
than the flat plate collector considering the all mass flow rates.
Suman et al. [33], Karakaya and Durmus [34], Kabeel et al.
[32] and Lakshmi et al. [35] found that the efficiency of solar
air collector with corrugated absorber plate compared to the
flat plate collector is higher by 14%, 15%, 10.5% and 23%,

Fig. 13 Daily efficiency for two
types of collectors versus the
mass flow rates
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Fig. 14 Thermal efficiency comparison of flat plate collector with some
solar air collectors available in literature

respectively. In this study;, it is seen that for both collector daily
average thermal efficiencies rises with the increasing air mass
flow rates. Since more thermal energy is transferred to the air
with the increasing turbulence effect in the channel at higher
air mass flow rates, temperature of the absorber plate de-
creases. By this way heat losses from the collector to the
ambient decrease which yields increasing thermal efficiency.

Figure 14 shows the thermal efficiency comparisons of flat
plate solar air collector between our study and other relevant
studies in the literature. The comparisons were performed ac-
cording to the investigated range of the air mass flow rate.
Here in both this study and others thermal efficiencies are
increasing with increase in the mass flow rate of air. Also,
average thermal efficiency values achieved in this study result
show a maximum deviation 5.26% from Labed et al. [36] and
7.69% from Karim and Hawlader [15]. This result expresses
the reliability of experimental data.

5 Conclusions

Thermal performances of solar air collectors of which one
with conventional flat absorber plate and the other with trap-
ezoidal corrugated plate have been investigated experimental-
ly at three different air mass flow rates (0.022 kg/s, 0.033 kg/s
and 0.044 kg/s) under climatic conditions of Konya/Turkey.
Experimental set-up is built up to evaluate the effects of air
mass flow rate and surface geometry of the absorber plates on
the thermal efficiency. Results obtained from the experiments
can be summarized as follows:

* Under configuration and operation conditions taken into
consideration, daily average thermal efficiency of the trap-
ezoidal corrugated absorber plate collector has been found
to be higher by 14-21% than the flat absorber plate col-
lector’s. This resulted from the fact that heat transfer sur-
face area of the absorber plate which is in contact with the
air is larger and extra turbulence effects occurred in the
flow.

» Trapezoidal corrugated absorber plate collector has greater
performance in terms of temperature rise for the air in the

@ Springer

collector. The maximum rise in temperature of the air at
trapezoidal corrugated absorber plate collector has been
9 °C higher for the air mass flow rate of 0.022 kg/s and
3.5 °C higher for 0.044 kg/s compared with the flat plate
collector.

»  Useful heat transfer from the collectors to the air increased
with higher air mass flow rates which resulted in a growth
in thermal efficiency level of the collectors.

*  Maximum daily average thermal efficiency of the trape-
zoidal corrugated plate solar air collector is obtained to be
63% for the air mass flow rate of 0.044 kg/s.

» Solar air collectors heat the air more at lower air mass flow
rates due to the longer contact time of air in the collector to
the absorber plate.

* Thermal efficiency of solar air collectors, compared to
other parameters, changes significantly depending on the
solar radiation incident to collector surface, air mass flow
rate, and surface characteristics of the absorber plate.

» Solar air collectors having trapezoidal corrugated absorber
plates can be used as an important heat source for space
heating and drying of different agricultural products at
lower temperatures in Turkey where there is a great solar
energy potential in terms of renewable energy.
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