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Abstract India is a country that has an abundant amount of solar energy. Air Heating is a famous
application of solar energy. The heated air can be used in industry in number of application like crop
drying, wood seasoning and in refinery. The Solar Air Heater is the device which is used for heating
the air with the help of solar energy. In this study, the two designs of solar air heatesr analyzed and
compared. The first design consists of triangular fins produced over absorber plate and second one
has the tin can pipes fixed over the absorber plate. The comparison of both solar heaters was made
based on Heat transfer rate, efficiency, Nusselt number, friction factor and pressure drop. The
average enhancement in temperature difference is found 32.77 °C and 30.18 °C in October and
22.64 °C and 20.42 °C in December in Can Solar Air Heater (CSAH) and Ribs Solar Air Heater
(RSAH) respectively. In CSAH, the average heat transfer rate is improved by 7.65 % and 10.17% in
October and December respectively as compared to RSAH. The Performance of CSAH is more than
7.17% and 12.41% as compared to RSAH in months of October and December. The finding showed
that the CSAH works better than the RSAH in forced convection. In both types of Solar heaters it is
found that as enhancement in mass flow rate increase the pressure drop and Nusselt number but the
friction factor decreases. Both designs of SAH namely CSAH and RSAH are new in the area of solar
air heater and proved to be very effective in transfer the heat and creating the turbulence in the air

flow path.

Keywords: Ribs, Cans, Nusselt Number, Peanut.

1. INTRODUCTION

This time world is suffering the large issue of energy
utilization due exhaustion of petroleum product resource,
and increasing cost of petroleum, diesel fuel and these
fuels are additionally establishing the parcel of
contamination in climate and is exceptionally hazardous
to the human body, ozone layer, and global warming. So,
forth a great deal of examination going on the elective
energizes in which one of the easily available energies is
the sun-based energy since it is normally accessible in the
climate and eco-friendly.

So, in this study a can and ribs SAH is design for space
heating and crop drying. It totally works on solar energy,

so, it cannot be hazardous to human health and
environment. Some researchers have worked in this
field.” developed a SAH fully furnished with cross over
and isolated ribs and calculated friction and heat transfer
properties of that SAH.? developed part of the heat loss in
flat-board solar absorber happens by means of the upper
covering, on the grounds that the base and dividers of the
absorber were very much protected.? presented the impact
of helical channel on the exhibition of a SAH was
researched completely. The development of this
investigation was planned a three-sided cross-area
channel, in such an approach to set up a helical air flow
through the air heater, in which the air flow transfer heat
with the base and the top of the absorber plate and
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calculated the heat flow, friction coefficient and
performance of SAH.* utilized the of porous medium to
expands the surface area to-volume proportion and found
that the effectiveness of SAH was increased.” provided
the angle of ribs on SAH and calculated the influence of
angled ribs on HTR and pressure drop.® have explored
experimentally performance of a sun powered air heater
with permeable absorber plate and baffles to develop a
helical way.

Dstudied air heaters and analysed, in particular a
solitary chamber one and a double chamber one and
revealed the effect of collectors on various parameters
such as MFR, Moisture and efficiency.® developed heat
pipe technology for the drying od peanuts with
effectivness.” carried a study of various V- ribs of
roughened plate with Reynolds numbers 2000-20000 and
the study revealed that the heat transfer rate enhanced
drastically.'” provided the ribs in circular cross area and
revealed the effect on MFR and heat transfer into a
channel. Based on circular ribs a relationship was drawn
between Nu and pressure drop.'" at different rib and
tendency points, their results uncovered that, at Re of
21000, the ideal estimation of the thermo hydraulic
execution was 2.13 relating to ideal roughness parameters
at Reynolds number of 21000.'? reported that a
parametric examination on a finned and baffled SAH with
conventional SAH and found that the performance of
conventional SAH was much lower than the Finned and
baffled SAH for many parameters.'> developed a SAH
facilitate with arced artificial roughness in wire form and
studied the impact of angle of arc and height of roughness
for Re range 2000-17,000 on Nu and friction
coefficient.'¥ Designed and studied the new absorber for
double pass SAH.

The new and novel SAH was developed from
conductive aluminum tubes which carry the air stream
inside the SAH.

This design of the aluminium can is not very popular in
the previous literature. So the testing and analysis of the
SAH is very much required for the social benefit since it
is very economical and can be made by the simple bear
can that has been wasted. The purpose of this study is to
compare the TSAH and RSAH performance at varying
mass flow rate in winter season in October and December
months of the year. The new SAH performance was
analyzed at different MFR of air inside the SAH. In
addition, TSAH and RSAH were compared with same
material and dimensions. Demonstrated that the
performance of TSAH found high as compared to FSAH
in following parameters such as; lower heat loss, high
outer temperature, efficiency net energy addition.
TSAH accomplishes extreme air temperature rise in
excess of 6 °C compared with FSAH at 0.025 kg/s. TSAH
efficiency was found more prominent than FSAH
efficiency by about 19.4%, 21%, and 40.3%, flow rate at
inlet of 0.075 kg/s, 0.05 kg/s and 0.025 kg/s, respectively.

The outlet air temperature and surface energy loss of the

TSAH decline with increasing the MFR of air, while its
efficiency, pressure drop and output energy increased.'®
developed dimple formed artificial roughness arranged in
a angular manner to explore the thermal properties of SAH
and found that as the roughness value increased the value
of Nusselt number increased.'® examined proficiency of
air heater. As per the consequences of this exploration,
greatest proficiency was acquired at a mass flowrate of
0.036 and with a dark black glass.

2. Experimental Set-up

In this study two set are designed and developed, one is
prepared with the help of tin cans and other with the help
of triangular ribs over the absorber plate. In both the setup
black painted absorber plate is used for absorbing the
maximum sun energy. The length and width both the setup
are 1.8 m and .92 m respectively. In CSAH, black painted
tin cans 5 pipes have used over the absorber plate to
absorb the maximum solar energy from the sun. In RSAH,
black painted triangular ribs are used over the absorber
plate to improve the heat transfer surface area. A 5 mm
thick transparent mirror is used on top surface of both the
setup and in CSAH extra arrangement of reflecting mirror
is done around the cans for the enhancement of solar
intensity on absorber plate.

A crop drying chamber which is made of wood for
drying crops like coconut. The size of the chamber is .76
m*.76m*1.524m. It is divided into three sections with iron
mesh and two holes are provided in this chamber for the
circulation of hot air flow. Figure 1 (a), (b) & (c)
represents experimental setup and crop drying chamber
respectively. These setups are used for space heating and
crop drying in winter and rainy season respectively. The
different types of crops can be dried in crop chamber with
the help of heated air comes from CSAH and RSAH.

The main purpose for this research was to made a
comparison between the can and ribs solar air heater in
month of the winter. A drying chamber has been used for
drying the peanut crop. The drying chamber has been
provided by the partition of the sieve having the outer
frame of the wood. So, when hot air passes through
bottom to top of the drying chamber. It will automatically
move in upward direction and supplying the energy of the
various section of the peanut crop. In this arrangement
most of the enrgy of the heat has been absorbed by the
peanut and it will loose the moisture content in minimum
time.
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Inverter

(b). Cans and Ribs SAH

(¢). Crop Drying Chamber
Figure 1: Picture of experimental set up

3 Governing Equations

In present work governing equations and empirical

relations are used to study the system parameters. The
detailed equations and relations are given below.

Kays Equation

Nu = 0.0158Re?8 1)
Blasius Equation

f =0.079Re™025 )
Pressure Drop

8P = 2fpLV?/d, 3)
Reynolds Number

Re= pVd./u 4)
Heat Transfer

Q= me(Tout —Tin) (5)
Thermal Efficiency

n=Q/qA ©6)

4 Analysis of Crop Drying

In this analysis peanuts are used as a crop and some data
is taken for peanuts from a paper is referred as '? “Drying
peanut seed using air ambient temperature at low relative
humidity” as per this paper the 34 kg peanuts take 14 hrs
11 minutes to reduce the moisture contents from 17.4 to
7.3 %.

In our analysis, model equations and experimental
results are used to carry out the time analysis for aforesaid
data. The equations and are given below:

T = (m,(m, __71n1)hfg +mpC(Tp, — TPI)) *
(ma( 2~ h1)) (7N
The average temperature of CSAH is 65.16 °C at outlet
but due to some losses like conduction and radiation the
h, = 1.005T; + m;(1.005T; + 2500) (8)
h, = 1.005T, + m,(1.005 T, + 2500) 9)
temperature at the inlet of crop drying chamber is
approximately 50°C. In our analysis, time required is 18
hrs. to reduce the moisture contents from 17.4 to 7.3 % but
our set up is very simple and economical.

5. Results and Discussion

In the present work experimental investigation is
carried out in the month of October 2020 & December
2020 at MJPRU, Bareilly, U.P. India at location 28° N and
73.5° E. The purpose is to design an efficient and
economic solar air heater for the space heating and crop
drying purposes in winter and rainy season. In this study
based on experimental results, the following performance
parameters has been determined like HTR, Efficiency,
Nusselt Number, Friction Factor and Pressure drop.

5.1 Inlet and Exit Temperature Variation with time of
the day in Months of October and December

5.1.1 Tempertaure variation in RSAH

Figure 2 (a) & (b) shows the variation of exit and inlet
temperature of the RSAH w.r.t. time of the day. As, it is
seen that exit temperature and the inlet temperature both
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are increased from morning to noon but start to reduces
afternoon since solar flux intensity increased from
morning to noon and reduces in evening time. So, the .
average of temperature difference (Tout -Tin) is 30.18°C
in October and 20.42 °C in December respectively'”.

60

CSAH at Force Convection  # .

40
4 —e— T, vs Time
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(b) Temperature vs Time (December)
Figure 3: Temerature Variation in CSAH
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5.2 Comparison of temperature rise in CSAH and
RSAH at Force Convection # . RSAH
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Figure 2: Temperature variation of RSAH with time of the Time (Hour)

day (a) (Tout-Tin) vs Time (October)
5.1.2 Temperature variation in CSAH “© E ]
orce Convection ° .
Figure 3 (a) & (b) shows the variation of exit and inlet
temperature of the CSAH w.r.t. time of the day. As, it is
seen that exit temperature is more than the inlet 301
temperature during different time of the day and the ~
reason for this is also similar to the RSAH the only v
difference is due to increased surface area and the cans are tg 20 e T,,-T, vs Time, RSAH
at focus point of the reflecting mirrors due to which ®— T,,-T,vs Time, CSAH
heating of the air is increased'®. So, the average of
temperature difference (Tout -Tin) is recorded 32.77 C 0]
in October and 22.64 °C in December respectively. !
q
" CSAH at Force Convection . . 10:00 11‘:00 12‘:00 13‘:00 14‘:00 15:00 16:00
Time (Hour)
) ‘ (b) (Tout-Tin) vs Time (December)
. . Figure 4: Temperature difference between RSAH and CSAH
N 0 —o— T, vs Time
3 o o Toy\sTime Figure 4(a) & (b) during the same time of the day the
higher exit temperature is deliver by CSAH as compared
© to RSAH because in CSAH the heating of the air is done
by three ways (i) solar flux is absorbed by the absorber
B m plate at the base. (ii) heat is also absorbed by the tin cans

0 T a0 nm wm v 10 tube arrangement and (iii) the tin cans tubes are also
Time (Hour) situated at the focal point of the reflecting mirrors attached
(a) Temperature vs Time (October) at both side of the tubes. In case of CSAH the exit
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temperature is higher by 8.58% as compared to RSAH in
October and 10.87% in December respectively.

5.3 Nusselt Number comparison in both RSAH and
CSAH

Figure 5 (a), (b), (c) & (d) represents the variation of
Nusselt number with MFR. The trend of the plot represent
in aforesaid cases Nusselt number is increasing with MFR
since increase in mass flow rate increase the Reynolds
Number so as per equation (1), the enhancement in mass
flow rate enhance the Nusselt Number but the value of
Nusselt number in RSAH case is high as compare to
CSAH. This is due to the fact in RSAH the value of
turbulence is high which will further increase the heat
transfer rate. The variation of Nusselt number in RSAH is
153-172 in October and 166-198 in December
respectively and in CSAH is 37-42 in October and 41-48
in December respectively!®). The Nusselt Number helps to
determine the heat transfer coefficienct and heat transfer.
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Figure 5: Nusselt Number variation in October and
December Months

5.4 Friction Factor variation in CSAH and RSAH
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(b) Friction Factor Variation in CSAH (October)

Figure 6 (a), (b), (c) & (b) represents the variation of
friction factor with MFR. The trend of the plot represent
in the aforesaid cases friction factor is decreasing with
mass flow rate because friction factor is inversely
proportional to the Re and Re is increasing with mass flow

- 1453 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 03, pp1449-1459, September 2023

rate. In CSAH the value of friction factor is high as
compare to RSAH. The average friction factor in RSAH
is .00440 in October and .00426 in December respectively
and in CSAH is 0.00683 in October and 0.00661 in
December respectively.
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M
w
c 0.00425
9
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L
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L 000420 |
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Mass Flow Rate (Kg/Sec)
(a) Friction Factor variation in RSAH (December)
0.00680
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0.00670 1
1
S 0.00665
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(1]
w
c 0.00660 .
9
ki
‘= 0.00655
w
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Mass Flow Rate (Kg/Sec)

(b) Friction Factor Variation in CSAH (December)
Figure 6: Friction Factor variation with mass flow rate

The friction factor calculation helps to determine the
pressure drop in the solar air heater duct. The increase in
pressure drop further increase the blower and reduces the
net thermal efficiency of solar air heater. So, thermal
hydraulic performance analysis of solar air heater has
been done by knowing the value of the pressure drop.
Some time enhancement of the Nusselt Number on
roughned surface not justified due to increase of pressure
drop.

5.7 Pressure Drop with mass flow rate
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(b) Pressure Drop in CSAH (October)

Figure 7 (a), (b), (c) & (d) represents the variation of
Pressure drop with MFR. The trend of the plot represent
in both the cases pressure drop is increasing with mass
flow rate because friction factor is inversely proportional
to the Reynolds number??. In CSAH the value of pressure
drop is high as compare to RSAH because equivalent
diameter for CSAH (de = 0.05 m) is quite low as compare
to RSAH (de= 0.286 m). The average pressure drop in
RSAH is 2.67 Pa in October and 2.92 Pa in December
respectively and in CSAH Pa is 24.86 Pa in October and
25.96 Pa in December respectively.

The experimental measurement of the pressure drop in
the solar air heater has been done by the micromanometer.
It helps to determine the friction factor on the both solar
air heater since it is quite tough to develop a emerical
relation saperately for the both geometries CSAH and
RSAH.
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Figure 7: Presure variation with mass flow rate in
CSAH and RSAH

5.8 Heat transfer rate in CSAH and RSAH

Figure 8 (a) & (b) represents the variation of HTR with
Time. The value of heat transfer rate for CSAH is high as
compare to RSAH because the difference between exit
and inlet temperature is more as shown in figure 4(a) &
(b) to RSAH and the effect of change in density is
negligible as compared to temperature change?!-?2-2¥, The
value of heat transfer rate in CSAH is 7.59 % more than
the RSAH in October and 10.17% in December
respectively.

The heat transfer rate calculation in the solar air heater
is futher used for calculation of the thermal efficiency of
the solar air heater. The higher heat transfer rate represents
the higher thermal efficiency and effectiveness of the
Solar Air heater.

The turbulence in the air flow enhance the heat transfer
rate but increased roughness also increase the blower
power.
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Figure 8: Heat transfer rate variation in CSAH and RSAH

Figure 9 (a) & (b) shows the variation of efficiency with
Time. In both the cases efficiency is increasing with solar
flux up to 1:00 PM. After 1:00 PM solar flux is
decreasing®?29:29 but still the efficiency of the both SAH
is increasing the reason for this both the SAH store heat in
the form of internal energy. The efficiency of CSAH is
7.77% more than the RSAH in October and 12.41% in
December respectively.
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Table 1: Design of RSAH and the [27]

Force Convection 1 RSAH
60 4
Box Size Fin Dimensions
_ numbe
é 50 - N
5 | | o Eftdons v Tim,con Widt | Heigh | Bas | heigh | r  of
é Length | h t e t Fins
w
401 1800 920 140 25.4 | 50
mm mm mm mm | mm 94
304 Maytham H. Machi et al. (2022)
000 110 1200 1300 1400 1500 1600 Box Size Fin Dimensions
Time (Hour) numbe
(a) Efficiency vs Time (October) . . .
Widt | Heigh | Bas | heigh | r of
Force Convection Length | h t ¢ t Fins
701
1200 500 150 100 | 40
mm mm mm mm | mm 18
3 60
? Figure 10 (a) and Figure 10 (b) show that the thermal
25 efficiency and exergy efficiency of RSAH is higher than
£ . the [27] since the number of fins in RSAH is higher than
—8— Effciency vs Time, RSAH the [27] as presented in Table 1.
49— Efficiency vs Time, CSAH
401
90
80
30 ‘ ‘ ‘ ‘ ‘ —
1000  1:00 1200 1300 1400 1500  16:00 X 70 A
Time (Hour) % 60
(b) Efficiency vs Time (December) o S0
Figure 9: Efficeincy variation with CSAH and RSAH S 40
P
S 30
6. Validation of Results of RSAH with the § 0
Maytham H. Machi et al. (2022) - 10
The RSAH validated with the triangular fins solar air 0
heater work published by the Maytham H. Machi et al. 9:00 10:00 11:00 12:00 1:00 2:00 3:00
(2022). Table 1 represents the difference in the geometry BRTOERTOPET PR R TR R

of the both type of the solar air heater. It can be clearly
seen from Table 3, the dimensions of the box of the RSAH
and number of fins are quite larger than the [27] due to — -
that the heat absorbed by the RSAH and the heat transfer (a). Validation of efficiency of RSAH
by the fins are larger than the [27].

TIME OF THE DAY
=——=RSAH Maytham H. Machi et al. (2022)
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Figure 10: Validation of RSAH results with [27]

7. Validation of Results of CSAH with the

Chigbo megbemene et al. (2022)

6
The details of the CSAH and the Chigbo megbemene
et al. (2022) is given in Table 2 5
x
.
Table 2: Design parameters of SSAHR and [28] 24
CSAH S,
Tin can Dimensions >
22
Numb %
er of !
Lengt | Widt | Heig | Diamet | heig | Tin 0
h h ht er ht cans
RS
1800 920 140 166 o
mm mm mm 60 mm mm 132
Chigbo megbemene et al. (2022)
Soda cans Dimensions
Numb
In
er of
Lengt | Widt | Heig | Diamet | heig | soada
h h ht er ht cans
2134 1067 | 150 110
mm mm mm 65 mm mm 240

Figure 11 (a) and Figure 11 (b) shows that thermal

efficiency and exergy of CSAH is higher than the [28]
since the length of solar air heater in [28] is higher than

CSAH which increase the energy loss of the air.
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(b). Validation of Exergy

Figure 11: Validation of CSAH results with [28]

8. Conclusion

the present work the experimental analysis of solar

air heater with two different geometries configurations are
tested for the weather condition of Bareilly city UP,
INDIA in the winter season and the following conclusions
are made from the experimental findings:

1-

In RSAH at force convection the enhancement in
average temperature difference (Tout -Tin) is
found 30.18 °C in October and 20.42 °C in
December respectively.

In CSAH at force convection the enhancement in
average temperature difference (Tout -Tin) is
found 32.77 °C in October and 22.64 °C in
December respectively.
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3- The average exit temperature in CSAH compare
to RSAH is increased by 8.58 % and 10.87 % in
the month of October and December respectively.

4- The average value of HTR in CSAH compare to
RSAH is 7.59% and 10.17 % more in the month
of October and December respectively.

5-  The average efficiency in CSAH compare to
RSAH is 7.77% and 12.41 % more in the month
of October and December respectively.

Hence, it may be concluded that CSAH may be better

alternate compare to RSAH in the case of force convection.
In this study 34 kg of peanuts are dried in 18 hrs.
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Nomenclature
RSAH  Ribs Solar Air Heater
CSAH  Cans Solar Air Heater
TSAH Tubular Solar Air Heater
FSAH Flat Plate Solar Air Heater
MFR Mass Flow rate
HTR Heat Trasfer Rate
n Efficeincy (%)
v Kinematic Viscosity (m?/s)
f Friction Coefficient
oP Pressure Drop
p Density (Kg/m?)
U Dynamic Viscosity (Kg/m.sec)
Re Reynolds Number
T Time in (hrs)
mp mass of Peanuts
ma mass flow rate (Kg/sec)
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