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ABSTRACT

In the modern age, photovoltaic panel (PV) is a popular option for solar energy
conversion. The PV panel’s efficiency considerably depends on the parameters
like dust or dirt on the surface and the cell operating temperature. As the cells
operating temperature exceeds more than 25 °C, the PV panel’s efficiency
decreases by 0.4% for every degree centigrade rise in temperature. The higher
cell operating temperature causes hot spots on the PV panel, drastically
reducing the PV panel’s life. There are different methods used for cooling of PV
panel, but the utilization of waste heat recovered for further application is not
reported. In this context, this research work proposes an active cooling system
using thermal grease and M.S chips for effective cooling of the PV panel, and
simultaneously heat rejected during cooling of the panel is being used for solar
thermal drying. The proposed active cooling system using thermal grease and
M.S chips showed promising results at 5.2 m/s air velocity. The average voltage
and average electrical efficiency of the cooled PV panel was improved by
~ 4.0% and 12.3%, respectively, than the non-cooled PV panel. The cooled PV
panel’s cell operating temperature was reduced by 16.1 °C compared to non-
cooled PV panel, and 1400 g onion flakes were dried hygienically in time 10 h 30
min.

My Mass flow rate of air (kg/s)
v Velocity of air (m/s)
Nomenclature o Density of air (kg/m?)
PV Photovoltaic w Width of duct (m)
STC  Standard testing condition h Height of duct (m)
TWh Terawatt-hour m Parametric constant (m ™)
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Ac Area of panel (m?)

Acnip  Areas of chips (m?)

P Fin perimeter (m)

Tamb Ambient air temperature (°C)

T; Cabinet inlet air temperature (°C)

Tex  Exit air temperature (°C)

Tpr PV panel backside temperature (°C)
T:pp  Reference PV panel temperature (°C)
Co Specific heat capacity of air (kJ/kg)

Dy, Hydraulic mean diameter (m)

he Heat transfer coefficient (W/m? °C)

k Thermal conductivity (W/m K)

u Dynamic viscosity 1.895 x 10> kg/m s
A Cross section area of duct (m)

1 Introduction

Solar power is abundantly available on the earth’s
surface free of cost, which naturally replenishes on a
human timescale. Most people worldwide live in
areas with irradiation levels of 500 W/m? to 750
W /m? per day. It is essential to conserve solar energy
and to convert it into useful forms. The world’s pri-
mary energy need is 157,063.7 TW h. The solar energy
striking on the earth’s surface is 173,000 TW, 10,000
times greater than the world’s total primary energy
need. The PV panel is the only promising option
available for converting sunshine directly into elec-
tricity. It is also preferred to operate the PV panel at
Standard Testing Condition (STC) for getting the
maximum efficiency, where cell operating tempera-
ture and irradiation are 25 °C and 1000 W/m?
respectively. In countries like India, it is challenging
to maintain the cell operating temperature around 25
°C [1].

Onion is 3rd ranked vegetable most commonly
used worldwide. It is used in fresh and dried forms
for foods and medicine use. Due to high moisture
content, it is a semi-perishable commodity. That is
why the storage of fresh onion on the shelf for a more
extended period is not possible as it gets deteriorated.
India is the second largest onion producing country,
followed by China in the world. India’s total onion
production is 23.28 million tons, and Indian onions
are famous for their flavour [2]. Seasonally, there are
considerable fluctuations in onion rates; whenever
the onion production is high, onion rates fall.
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Whenever there is a shortage in its supply, maybe
due to weather conditions or lower yield, its price
touches the sky. Sometimes onion prices, indeed,
bring a tear to human eyes. Rather than storing fresh
onions, the better option is to use dried onion flakes
or powder. Dried onion in any form can be directly
used as flavour additives in foods or herb mixes. It is
possible to reduce the moisture content from fresh
onion and dry it without losing its nutrients, colour,
aroma, and taste.

Many researchers worked rigorously in the active
or passive cooling of the PV panel. Ahmad et al.
investigated experimentally natural cooling of the PV
panel attached with the aluminium finned plate. The
30 W PV panel was used for experimentation. It was
found that the efficiency and output power of the PV
panel was increased by 1.75% and 1.86 W, respec-
tively [3]. Fillip Grubisic Cabo et al. evaluated the
cooled PV panel’s performance by passive air cooling
with aluminium fins on the 50 W polycrystalline PV
panel’s backside. They tested different aluminium
fins geometry and found that perforated and ran-
domly positioned fins showed better temperature
decrement results [4]. Aly M A. Soliman et al
experimentally investigated the impact of heat sink
cooling system on solar cell performance. To simulate
the solar irradiation, halogen lamp was used. They
studied both active and passive cooling. They
reported a 5.4% and 11% temperature reduction in
passive and active cooling, whereas efficiency and
power output were increased by 16% [5]. Catalin
George Popovici et al. studied numerical analysis of
PV panel air cooling using a heat sink. The angle
between the ribs and the base plate was modified.
The numerical model was done in ANSYS- fluent,
and results were presented for turbulent flow. They
reported that temperature was reduced by 10 °C, and
the power output was increased from 6.9 to 7.5% in
45° angled ribs over 90° ribs [6]. Actively air-cooled
PV panel gave better results than the non-cooled and
passively cooled PV panel [7-10].

Drying of products using solar energy can be
achieved by natural sun drying or indirect solar
drying. Natural sun drying has inherent limitations
such as unhygienic, dust and dirt contaminated
products, loss of nutrients, aroma and natural colour.
These limitations can be overcome using an indirect
solar dryer that produces dried products rich in taste,
aroma and nutrition than open sun drying. Many
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researchers conducted research on onion drying for
reducing the drying time, improvement in product
quality and efficiency of the system. Different onion
drying methods were used, like indirectly forced
convection drying, oven drying, microwave drying,
infrared drying, vacuum drying, and freeze-drying
[11]. Ciftciogly developed a cost-effective and effi-
cient prototype of the solar dryer with selective
coating. The authors reported the comparison of the
cost of heat for solar energy over natural gas, elec-
tricity and LPG. The system with renewable energy
technology showed 2, 4 and 5 times cost reduction
over the system with natural gas, electricity and LPG
[12]. Musembi et al. designed and fabricated an
indirect natural convection solar dryer. Experimen-
tation was carried out on 886 g sliced Apples of 2.5
mm thickness. Initial and final moisture content was
86% and 8.12%, respectively. The total time taken for
drying was 9 h 20 min, with average irradiation of
534 W/m? [13]. Slimani et al. worked on a numerical
model of an indirect solar dryer system. The result of
the proposed model was found close to the experi-
mental model. Indirect solar dryers can provide the
required air temperature for the drying of various
agricultural products. They achieved 10.5%, 70% and
90% electrical, thermal and overall energy efficiency
at 0.015 kg/s mass flow rate [14]. S. Nabnean et al.
worked on a universal indirect solar dryer perfor-
mance with a heat exchanger and storage unit. The
cabinet size used was 1 x 3 x 1.4 m, where 100 kg
cherry tomatoes was dried in 4 days. The efficiency of
the solar dryer observed was 21-69%, with 1.37 years
of the payback period. The drying temperature was
varied from 30 to 65 °C. The dried products were
good in quality [15]. Anil Kumar et al. studied the
effect of the convective mass transfer coefficient on
onion flakes drying. For experimentation, 300 g, 600
g, and 900 g onion sets were used. The authors car-
ried out open sun & roof type onion drying methods
for 33 h and compared their performances. The
results showed that the rate of moisture evaporation
was more in greenhouse drying because of the energy
stored in it than that of open sun drying [16]. So Choi
investigated sensory characteristics and volatile
composition in onion powder. The powder was pre-
pared by convection heat transfer at temperatures 50
°C, 70 °C and 90 °C. At low-temperature drying
aroma of fresh onion was retrained [17].

It was noted from the literature that active and
passive cooling are two methods used for cooling of

PV panel. In passive cooling, air flows over the back
surface naturally, while in active cooling, forced air
passes over the backside surface of the PV panel
using an external source like a fan or blower. Though
active water cooling gives better results, its signifi-
cant limitations are the amount of water required for
cooling, which gets evaporated, and the cost associ-
ated with water pumping [18-21]. Almost all active
air cooling methods used an Aluminium heat sink for
better heat dissipation; this adds 4 Kg/m” weight in
the system, thus causing bending of the large size
photovoltaic panel [22-25].

The increased cell operating temperature than STC
hampers on PV panel efficiency resulting in lower
power output. The monocrystalline cell’s efficiency is
about 16-20%, which means about 80% of falling
solar energy is not converted into electricity. Most of
the falling solar energy gets converted into the ther-
mal form, which goes into the waste. This energy can
be utilized for drying onion flakes, which will
increase its shelf life [26-32]; this is the motivation
behind this research.

In this context, it aimed to cool the PV panel with
an efficient cooling system, which will improve the
power output of the PV panel and use the waste heat
recovered while cooling in hygienically drying onion
flakes. It was also aimed that the active cooling will
not add much more weight to fulfilling the research
objectives. The experimental testing setup was
developed to cool the PV panel with the active cool-
ing system using thermal grease and M.S chips. The
waste heat extracted during active cooling was
directly used to dry the onion flakes hygienically. The
PV panel cooling was carried out at different airflow
rates, for analysing the airflow rates effect on the PV
panel efficiency and onion flakes drying time. The
condition for the higher overall electrical and drying
system efficiency was searched out critically and
reported with detailed analysis.

2 Effect of Cell operating temperature
on PV panel efficiency

A solar panel is an assembly of various components,
as shown in Fig. 1. Initially, an anti-reflective coating
is applied to the solar cells, which reduces solar light
reflection and helps in the cell efficiency increment.
The cells are then sandwiched in the layers of the
encapsulant, made up of Ethylene Vinyl Acetate

@ Springer
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Frame

Glass cover

Polymer
sheet

Backing
Material

Fig. 1 Construction of solar PV panel

(EVA), which prevents solar cells from water and dirt
and provides adhesion between solar cells. At the
top, toughened glass four times stronger than regular
glass was fitted, and this protects solar cells against
harmful external factors like water, vapour and dirt.
At the backside, poly vinyl chloride (PVC) is used,
which protects the panel against environmental
damage, provides electrical insulation and offers
durability to a PV panel.

As sun rays strike the solar cell, the photons excite
the electron in cells. The electron utilizes part of the
energy, and the rest of the energy is mostly converted
into thermal energy. The thermal energy causes
increased solar cell temperature, due to which output
voltage drops drastically, resulting in reduced power
output. Figure 2 shows the effect of cell operating
temperature on PV panel output voltage. At 25 °C cell
operating temperature, the output voltage is 46 V,

Current (A)
w

o 5 10 15 20 25 30 35 40 45 50 55
Voltage (V)

Fig. 2 Effect of temperature on PV panel’s output voltage

@ Springer

which reduces to 41 V at 60 °C. It is noted from the
latest literature survey that cell operating tempera-
ture is the critical factor in the efficiency reduction of
the PV panel. The effect of dust, dirt and accumula-
tion can be minimized by cleaning the PV panel
periodically, and the cell operating temperature can
be reduced by continuous cooling of the PV panel.

It is necessary to keep the cell operating tempera-
ture as minimum as possible to achieve more excel-
lent PV panel efficiency. Table 1 shows the thermal
conductivity of various components of the PV panel.
The thermal conductivity of the encapsulant and
polymer sheet used at the PV panel backside is very
low; this is why temperature around the cell increa-
ses. Therefore, it is essential to increase heat dissi-
pation from the PV panel’s back surface. It is possible
only with the help of some unique system that will
accelerate the heat transfer.

2.1 Active air cooling system using thermal
grease and M.S Chips

For accelerating heat transfer from the back panel
surface, thermal grease and M.S chips were used.
Thermal grease is a thermally conductive but elec-
trically insulating material; it reduces the air pockets
between two surfaces and acts as the glue. It is a
composition of matrix material like epoxies, silicon or
acrylates and filler materials like boron nitride or zinc
oxide. The filler material is 70-80% by mass and
raises the base material thermal conductivity from 0.2
to 6.0 W/m K. In this research work, silicon and
carbon-based thermal grease with thermal conduc-
tivity of 5.0 W/m K were used. The backside area of
PV panel used for experimentation was 2 m* As the
heat transfer depends on the surface area, the back-
side area of PV panel was increased with the help of
micro M.S steel chips of IS 2830. The thermal

Table 1 Thermal Conductivity of various components of PV
panel

Component Thermal conductivity (W/m K)
Glass 1.8

Anti-reflective coating 32

Photovoltaic cell 148

Encapsulant 0.35

Back sheet 0.2
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conductivity of M.S chips materials used was 60.0
W/m K, and the average chip size was 3 x 0.2 x 2
mm. A thin layer of 1 mm thermal grease was
applied at the backside of the PV panel, and then M.S5
chips were uniformly smeared on it, as shown in
Fig. 3. Then the chips were gently pressed so that
they get in contact with the back surface of the PV
panel. Thermal grease serves in the firm adhesion of
chips with the PV panels back surface and helps in
accelerating the heat transfer. The high-velocity air
from the blower flows over the thermal grease and
M.S chips, which took away the heat with it, and the
cell operating temperature of the PV panel gets
lowered.

2.2 Complete experimental Setup

Figure 4 shows the complete experimental setup. A
320 W solar PV panel is fitted on the duct and steel
structure at a latitude angle of 16.7° due south. As the
sunshine strikes on the PV panel, it starts converting
it into electrical energy. A significant portion of solar
rays gets converted into heat, partially reflected in the
atmosphere, and partly absorbed by the PV panel. A
30 W blower passes continuously ambient cold air in
the duct, which flows over the PV panel’s back sur-
face, on which thermal grease and M.S chips are
applied. Two exhaust fans of 4W capacities fitted at
the outlet of the duct help to accelerate airflow from

Fig. 3 Thermal grease and M.S chips applied on the backside of
the PV panel

the duct to the drying cabinet. 80 mm diameter pipes
are used to carry the hot air from the duct to the
drying cabinet. Hot Air enters into the drying cabinet
from the inlet provided at the bottom and flows over
the onion flakes, kept in the trays for drying. Hot air
takes away the moisture from the product with it,
and it is released in the ambiance through the outlet
provided to the drying cabinet. A cage is hanged to a
load cell in which drying trays are kept with spread
onion flakes. The load cell helps in continuous mon-
itoring of the onion flake’s weight reduction.

2.3 Instrumentation and sensors

For continuous measurement of the observations, a
customized data logger system was used. It consisted
of the three significant components such as trans-
mitter, receiver and sensors, as shown in Fig. 5.
Anemometer was used for airflow measurement, and
LM 35 analog sensors were used for the various
temperatures measurement. Irradiation was mea-
sured with the help of a pyranometer sensor. All the
sensors were connected to the data logger system,
which continuously monitored and recorded the
sensor’s data.

3 Experimental testing, results
and discussion

The experimental setup shown in Fig. 4 was tested
continuously on clear sky days from 15th February to
25th May 2020. The observation of irradiation, vari-
ous temperatures, air velocity, voltage and the cur-
rent was observed and recorded on trial days by
varying the system working conditions.

3.1 Performance analysis of PV panel

For analysing the effect of active cooling using ther-
mal grease and M.S chips on the PV panel efficiency,
observations of 8th April 2020 and 9th April 2020 are
discussed in detail. The testing on 8th April was
carried out in the absence of an active cooling system,
while on 9th April, testing was done with the active
cooling system at air velocity 5.2 m/s.

Figure 6 shows the irradiation-solar time charac-
teristic of 8th April and 9th April. The curve of both
days follows a perfect bell shape. The observation
was taken from 7.25 am to 17.00 pm. The irradiation

@ Springer
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Fig. 4 Complete experimental
setup: (1) 320W solar panel,
(2) MPPT controller, (3) DC
blower, (4) duct, (5) drying
cabinet, (6) data logger and (7)
20 W reference panel

Fig. 5 Data logger and
sensors used for measurement

increased from the morning and continued till the
local solar noon at 12.26 pm. The average and maxi-
mum irradiation observed on 8th April was 692
W/m? and 977 W/m?, respectively, while on 9th
April, it was 668 W/m? and 932 W/m? , respectively.
The Maximum irradiation observed was 977 W/m?
and 932 W/m? on 8th and 9th April, respectively. The
total Sun energy fell on the PV panel’s 2 m* surface

@ Springer

.

areas was 13,156 W and 12,330 W on 8th and 9th
April.

Figure 7 shows the ambient air-solar time charac-
teristic of the testing days. As irradiation increased,
ambient air temperature also increased linearly. The
difference between the two curves was observed as
the fallen irradiation level on both days was different.
On 8th April in the morning, the temperature
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observed was 20.7 °C, which reached a maximum of
39.1 °C, while the average ambient temperature
observed was 34.3 °C. On the 9th April, the maxi-
mum and average ambient temperature observed
was 41.0 °C and 36.3 °C, respectively.

Figure 8 shows the PV panel back surface tem-
perature-solar time characteristic of 8th and 9th
April. On 8th April, the observation was taken
without an active cooling system by keeping a PV
panel in the natural environment. While on 9th April,
the PV panel was tested with an active cooling sys-
tem using thermal grease and steel chips. Initially, the
ambient air and PV panel back surface temperature
were the same, but as irradiation increased, it also
increased rapidly. The maximum PV panel back
surface temperature reached 70.9 °C on 8th April. On
9th April, due to active cooling, the maximum PV
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panel back surface temperature was limited to 55.4 °C
at the same time, the non-cooled PV panel tempera-
ture observed was 71.5 °C. In the 9th April’s testing,
the actively cooled PV panel’s cell operating tem-
perature was successfully reduced by 16.1 °C than
non-cooled PV panel temperature. The average tem-
perature difference observed between cooled and
non-cooled PV panels was 12.8 °C. The active cooling
system using thermal grease and steel chips showed
good temperature decrement in PV panel back sur-
face (Cell operating) temperature.

Figure 9 shows the voltage-solar time characteristic
of the actively cooled and non-cooled PV panel. The
temperature adversely affects the voltage output
resulting in decreased power output of the PV panel.
On 8th and 9th April, the maximum voltage

40

ey
(‘_*

—u‘.“‘ i
":‘A—‘—ﬂ—\_; =l et e o -
o ¥4 L W ki
e -‘
g =
-
j
@
=1
=]
=
cl
-

30

_s—gth April - Without active cooling system |

- -a-gth April - With active cooling system

25

T T T T T T T

T T
07 08 09 10 11 12 13 14 15 16 17
Solar time (h)

Fig. 9 Voltage-solar time characteristics
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produced by the non-cooled and cooled PV panels
observed was 36.1 V and 37.6 V, respectively, while
the average voltage observed was 35.1 V and 36.5 V
on the 8th and 9th April, respectively. Due to the
active cooling system, the average voltage output of
the cooled PV panel was increased by 1.4 V over the
non-cooled PV panel.

Figure 10 shows the current-solar time character-
istic of the cooled and non-cooled PV panel. As cur-
rent is directly proportional to fallen irradiation
value, cell operating temperature does not severely
affect it. Therefore, both the curves are nearly
matching with each other. The non-cooled and cooled
PV panel’s maximum current observed was 6.9 A and
6.7 A, whereas the average current observed was 4.9
A and 4.8 A. The small difference in the average
current of non-cooled and cooled PV panels clearly
shows that the temperature increment higher than 25
°C does not reduce the current; instead, it is increased
marginally.

Figure 11 shows the power generated by the PV
panel. The power generated by the panel showed a
linear relation with irradiation. The maximum power
developed by non-cooled and cooled PV panels was
observed at 226.7 W and 268.2 W, respectively, on 8th
April and 9th April. The non-cooled and cooled PV
panel’s average power was found to be 166.3 W and
189.5 W, respectively. At the same irradiation level,
932 W/m?, the power generated by non-cooled and
cooled PV panels was 222 W and 265 W, respectively.
The difference in power generated was observed
because the cell operating temperature at the same
irradiation level was 69.5 °C and 53.9 °C, respectively.

Current (A)
k-

|
i |—N— gth April - Without active cooling system

i
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Fig. 10 Current-solar time characteristics
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The cooled PV panel’s power output was improved
by 43 W at the same irradiation level due to an active
cooling system. The total power generated by the
non-cooled PV panel and cooled PV panel was 1.6
kWh and 1.9 kWh on 8th and 9th April, respectively.

Figure 12 shows efficiency-solar time characteris-
tics of the cooled and non-cooled PV panel. There
was a considerable difference in both the cooled and
non-cooled PV panel efficiencies. The average elec-
trical efficiency observed experimentally for the
actively cooled PV panel at 5.2 m/s air velocity and
non-cooled PV panel was 14.6% and 13.0%, respec-
tively. Therefore, in the actively cooled PV panel at
5.2 m/s air velocity, average electrical efficiency was
increased by 12.3% compared to the non-cooled PV
panel. The non-cooled PV panel’s efficiency was
observed minimum when the panel’s cell operating
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temperature was higher at 12.30 pm. A clear drop
was seen from 9.0 am to 16.0 pm, where the non-
cooled PV panel temperature increased at maximum.
Hence the active cooling system showed extra added
benefits in efficiency improvement of the cooled PV
panel over the non-cooled PV panel.

3.2 The drying system using waste heat
recovered

For hygienically drying of the onion flakes, waste
heat recovered while cooling was directly utilized. At
the time of active cooling of the PV panel test, drying
tests were simultaneously carried out by varying the
mass flow rate of the hot air. For one drying test, the
air velocity was kept constant; the drying tests were
carried at different air velocities from 3.2 to 5.4 m/s
for analysing its effect on system performance. The
fresh onion bulbs were peeled and then finely chop-
ped in the form of flakes, and they were uniformly
spread in the trays as shown in Fig. 13. The drying
observations at 5.2 m/s air velocity on 15th and 16th
May 2020 are discussed in detail here.

The onion flakes drying at 5.2 m/s air velocity was
carried on two successive days, 15th and 16th May
2020, in sufficient sunlight. The onion flakes were
kept for drying in the dryer cabinet for 7 h 10 min
(10.17 am to 17.27 pm) on 15th May, which gets
incompletely dried. The incompletely dried onion
flakes were again kept for drying on 16th May, which
took 3 h 20 min (9.10 am to 12.30 pm) for complete
drying. Figure 14 shows the irradiation-solar time
characteristic of 15th and 16th May. The maximum
irradiation observed was 962 W/m” and 956 W/m?

1000
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2
=]
1
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Fig. 14 Irradiation-solar time characteristic

on 15th and 16th May, respectively. The sufficient
sunlight for drying was observed from 10.17 am to
17.27 pm on 15th May.

Figure 15 shows the various temperatures-solar
time characteristic of 15th May. The ambient air
temperature, cabinet inlet air temperature, exit air
temperature, and PV panel back surface tempera-
tures during the test period were observed in the
range 31.6-37.6 °C, 41.0-52.4 °C, 39.647.0 °C and
41.0-56.4 °C, respectively. During the test, the air
velocity was kept constant at 5.2 m/s. The cabinet
inlet air temperature was increased linearly in pro-
portion to the PV panel back surface temperature.
Initially, there was a massive difference in cabinet
inlet air temperature and exit air temperature obser-
vation, which gradually decreased further.

Fig. 13 Onion used as raw material for drying
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Figure 16 shows the temperature-solar time char-
acteristics of 16th May. The ambient temperature,
cabinet inlet air temperature, exit air temperature,
and PV panel back surface temperatures during the
test period were observed in the range 29.7-37.6 °C,
39.1-50.5 °C, 37.6-48.0 °C and 42.0-54.9 °C, respec-
tively. In the last 3 h 20 min, the lower difference in
inlet air temperature and the exit air temperature was
observed, as most of the moisture was removed in the
first 7 h 10 min.

Figure 17 shows the weight reduction of the onion
flakes concerning time. The continuous weight mea-
surement was done with a load cell. The cage was
attached to the load cell where onion flakes loaded
drying trays were kept; this completely reduced
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Fig. 17 Weight reduction-drying time characteristic

product handling for weight measurement resulting
in the hygienic drying. Due to the load cell, it was
possible to open the cabinet two times initially for
loading and at the end for unloading after drying.
1400 g onion flakes were kept initially in the tray for
moisture removal on 15th May. During the initial 3
hours, the moisture removal rate was higher as the
moisture contained in onion flakes was also higher;
further, the moisture removal rate gradually reduced.
In the first hour of drying, total of 189 g of moisture
was removed from the onion flakes. On 15th May,
after 7 h 10 min, the onion flakes weight was 509 g
that means a total of 891 g of moisture was removed
after 7 h 10 min. On 16th May, the incompletely dried
onion flakes weight was 460 grams, which were
reduced to 232 g after 3 h 20 min of drying. The total
time taken by the onion flakes for complete drying
from 1400 to 232 g was 10 h 30 min. The dried onion
flakes were found rich in colour, taste and aroma.
Table 2 shows the summarized results of the dry-
ing system tested at 5.2 m/s. Initially, more amount
of heat energy was utilized for moisture removal due
to higher moisture content in the onion flakes.
However, the heat needed for moisture removal got
reduced when the moisture contained in the onion
flakes decreased. At a higher irradiation level, it was
observed that more latent heat was available for
drying. On 15th May in 7 h 10 min, almost 77% of the
moisture was removed. The rest moisture is released
in 3 h 20 min on 16th May. As the onion flakes con-
tain 84% of moisture, theoretically, total latent heat
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Table 2 Result summary of

dryer system testing at 5.2 m/s Date Time Time in Average  Average teperatures Heat energy
period minutes irradiation  (°C) utilized for
G moisture
(W/m?) Tamp Tin - Tex  Tro removal (kJ)
15th May 2020 10.17 -11 am 43 797 33.0 454 40.5 49.8 246
11-12 am 60 904 348 485 43.1 533 396
12 — 1 pm 60 943 36.0 50.7 455 555 333
1-2 pm 60 882 374 51.1 46.6 553 406
2-3 pm 60 764 37.7 503 464 54.0 349
3—4 pm 60 561 372 449 422 474 275
4-5 pm 60 381 369 438 417 453 216
5-5.27 pm 27 217 36.8 415 403 41.7 59
16th May 2020 9.10-10 am 50 632 31.1 427 409 46.0 152
10-11 am 60 788 334 464 443 50.6 135
11-12 am 60 875 353 493 47.0 53.8 104
12-12.30 pm 30 938 367 49.6 47.0 54.6 83
Total time 10 h 30 min Total latent heat (kJ) 2757

required for removal of 1168 grams of moisture is
2558 kJ, while experimentally, it took 2757 kJ.

The effect of air velocity on PV panel efficiency was
also analysed thoroughly by testing the system at
different airflow; for each trial, constant air velocity
was maintained till the product gets completely
dried. Table 3 shows the summarized results of the
testing by varying the air velocity from 3.0 m/s to 5.4
m/s. During every trial, the PV panel’s average
electrical efficiency, the time required for drying,
average drying system efficiency, and average total
system efficiency were observed. At air velocity, 3.0
m/s the average voltage of the panel observed was
35.5 V, and the average power produced by the PV
panel was 179.4 W. Time taken for complete drying
was 13 h 57 min. The average PV panel electrical
efficiency and average total system efficiency were
observed to be 13.5% and 9.9%, respectively. As the
air velocity increased, the electrical and drying
parameters were also improved. The higher velocity
of the air helped in taking away the maximum heat
from the backside of the PV panel, resulting in better
cooling of the PV panel. More excellent results were
observed at 5.2 m/s air velocity, where the average
voltage observed was 36.5 V. The average PV panel
electrical efficiency and average total system effi-
ciency were observed to be 14.6% and 13.2%,
respectively. Time taken by the onion flakes for
drying was reduced to 10.30 min.

3.3 Formulas used for calculations

Heat energy utilized for moisture removal (k])
=m, X ¢p X (Tin — Tex)

Dry cabinet efficiency

(1)

B Heat energy utilized for moisture removal
~ Heat energy available for drying in the dryer cabinet

(2)

Coolingsystemefficiency
_ HeatenergytakenawaybytheairfromPVpanelbackside
~ TotalheatenergyavailableatthePVpanelbackside

(3)
Dy =4 x ((w x h)/2w) 4)
Re — (P X0 X Dn) (5)
u
Dittus Boelter Equation N, Dy, = 0.23 x Re%8 x Pr4
(6)
h.D
NU = k h (7)
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Qfin = VP xhxkxAs X (Tin —

tanh(ml) + (h/km)
1+ (h/km) x tanh(ml)

[ hxP
"= k x Ags ©)

Qwithoulfins = hc x A % (Tin -

Tamb )

Tamb) ( 10)

Heat transfer through thermal grease area Hr,

- hc X (Ac - Achips) X (Tl - Tamb) (11)
QTotal = QWith fins 1 QWith thermal grease (12)
Fin effectiveness = Qrotal/ Qwithout fins (13)

By using above mathematical relation 1-13 [33],
values of different parameters were calculated. For
2*0.1 m cross section of duct, the hydraulic diameter
of duct (D) was 0.2 m, Reynolds number (Re) and
Nusselt number (Nu) were 60734.1 and 133.8
respectively, and convective heat transfer coefficient
(hc) was 18.3 W/m* "C.

For M.S chips of size 3 x 0.2 x 2 mm, the value of
constant parameter ‘m’ found was to be 57.0 m™’,
while the heat transfer through a single fin (Qg,) was
0.032 W. Total area ‘Acpips” of the 17,000 fins, which
were uniformly spread over the 2 m® surface, was
0.01 m?* where heat transfer through fins was 552 W,
while total heat transfer through thermal grease and
fins was found to be 1105 W. Heat transfer through
the panel to air without fins and thermal grease was
555 W. The fin effectiveness was ~ 2.0, which shows
that fins helped in accelerating the heat transfer from
the PV panel backside thus yielding more heat
energy available for drying of onion flakes. Due to
this, overall system efficiency was also improved.

4 Conclusion

In this experimental research, the effect of the active
cooling systems on the PV panel’s performance
improvement and utilization of residual heat recov-
ered for the hygienic drying of the onion flakes was
investigated. For active cooling of PV panel, thermal
grease and M.S chips were added only with 0.75 kg/
m? weight, significantly less than aluminium fins.
The results for the actively cooled PV panel showed a

significant improvement over the non-cooled PV
panel. The effect of air flow rate on the PV panel’s
electrical efficiency, drying time and total system
efficiency is experimentally investigated, and more
promising results were obtained at 52 m/s air
velocity. The maximum temperature at the PV
panel’s rear surface in the cooled and non-cooled PV
panels observed was 55.4 °C and 71.5 °C, respec-
tively. In an actively cooled PV panel, the maximum
cell operating temperature was reduced by 16.1 °C
than the non-cooled PV panel. The average voltage
produced by the cooled PV panel at 5.2 m/s and non-
cooled PV panel observed were to be 36.5 V and 35.1
V, respectively, resulting in ~ 4.0% average voltage
improvement in cooled PV panel than non-cooled PV
panel.

At the same irradiation level, 923 W/m?, the cooled
PV panel’s power output was improved by 43 W. The
total power generated by the cooled PV panel and the
non-cooled PV panel was 1.9 kWh and 1.6 kWh,
respectively. The electrical efficiency of the actively
cooled PV panel observed was 14.6% compared to the
13% observed in the non-cooled PV panel. Therefore,
in the cooled PV panel at 5.2 m/s air velocity, average
electrical efficiency increased by 12.3% compared to a
non-cooled PV panel. At 5.2 m/s air velocity, the
average total system efficiency observed was 13.2%,
and the time taken for completely drying of 1400 g
onion flakes was 10 h 30 min. The dried onion flakes
were found to be rich in colour, taste, and aroma as
hygiene is maintained. An active cooling system
showed improved results by reducing the cells
operating temperature of the PV panel. At the same
time, it has improved the electrical efficiency of PV
panel and total systems efficiency.

This system is useful in the drying of agricultural
products at the production site. Onsite drying will
help in transporting the dried products directly by
eliminating raw material transport. An active cooling
system will help in improving the output and life of
the PV panel.
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INTRODUCTION

ABSTRACT

Solar energy is abundantly available on the earth and can be utilized in various applications by
converting it in a suitable form. Water supply in remote places and rural areas is still critical due
to the unavailability of the grid power. In a developing country like India, the grid construction
cost is 6670 $/km because of which some remote areas are still waiting for electricity. There is a
large scope to meet this need with the help of a standalone solar water pumping system. In this
context, this work presents detailed simulation in MATLAB/Simulink and experimental valida-
tion of photovoltaic (PV) permanent magnet brushless DC (PMBLDC) motor water pumping
system without energy storing. Simulation is a tool to get system behavior at the various input
parameters immedi ately reflects a change in the output parameter. The simulation results are
validated with the help of field trials on the experimental setup. A 0.5 hp photovoltaic permanent
magnet brushless DC (PMBLDC) motor water pumping system was used for extensive field tri-
als experimentation. After extensive field trials, the optimum irradiation observed for full water
discharge 19.9 L/min was 330 W/m?where voltage and current were 35.1 V and 3.1 A respec-
tively. The Water flow — Irradiation characteristic curve and percentage variation in simulation
and experimental results showed a good agreement with each other. The efficiency of the photo-
voltaic panel and the entire solar water pumping system observed was 12.76 + 0.64 % and 9.07+
0.45 % respectively. The 0.5 hp PMBLDC motor water pumping system is sufficient to lift 10000
L water every day. PMBLDC motor, shown added advantage of lesser running maintenance due
to the absence of carbon brushes which need frequent replacement in case of brushed DC motor.

Cite this article as: Deokar V, Bindu RS, Deokar T, Simulation modeling and experimental
validation of solar photovoltaic pmbldc motor water pumping system. ] Ther Eng 2021;7(5):00-00.

2019, in which thermal energy contribution is 63.7 %,

A rapid increase in industrialization and population
has almost doubled the energy demand of India. India’s
total installed capacity is 349.3 GW as on 31 January
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Nuclear is 1.93 %, hydro energy 12.85 %, and contribution
of renewable energy is 21.14 % [1]. To meet India’s huge
power requirement, the sustainable solution is maximizing
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Microstructure, hardness and machinability analysis of gravity cast
AA6061/SiC composites
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ABSTRACT

KEYWORDS

Metal Matrix Composites,
Hardness,

Machining,

Chip Formation.

In the present work, machinability analysis of AA6061/SiC composites developed
using gravity die casting technique. The microstructure of composites and the
chip formed are studied using optical and electron microscopes. Brinell hardness
measurements were carried out to check the effect of varying SiC particle content
for both the composites. The machinability analysis was carried out by varying
feed rate, depth of cut and speed for all composites. From optical studies it was
confirmed that addition and increase in SiC content led to grain refinement of
AA6061 matrix. The hardness of composites was found to higher than that of
unreinforced owing to addition of SiC particles. Machinability studies revealed
that increase in feed rate, depth of cut and cutting speed led to increase in the
tangential force. The increase in tangential force was attributed to increase in
chip thickness and width during the machining operation.

1. Introduction

More than dozens of aluminium alloys are being
used for variety applications in different areas of
manufacturing and technology. These alloys are
available in the form of wrought products like
plate, sheet, bar and angle in the market in and
later cut or welded or machined according to
the requirements of components. In particular,
AABXXX and AA7XXX alloy series in which Mg,
Zn, Cu and Si are principal alloying elements are
known for low density, high strength and better
corrosion resistance. Take for example the complex
architectural parts and structural members are
made up of AA6XXX series as they are known for
high compressive and tensile strength. Similarly
AA7XXX series which possess high strength and
high toughness is used in making aircraft wing
structures. Further AA6XXX and AA7XXX alloy
series are heat treatable and their strength can
be enhanced by precipitation hardening by opting
different temper conditions [1, 2]. But due to
increase in the popularity of light metal matrix
based composites and their possible applications
in the almost all fields of engineering has led
to lot of advancements. Compared to pure and
unreinforced metals, metal matrix composites

*Corresponding author,
E-mail: ajit.katkar@gmail.com

are known to have low density, high strength and
high stiffness to weight ratio. In this regard
AABXXX and AA7XXX alloys are widely being tried
as matrix material in the manufacturing of
composites as they are easy to process and
possess good mechanical properties. Variety
of reinforcements like graphite, TiC, SiC, ALO,,
TiB,, Si,N,, TiO, and flyash are used to reinforce
these aluminium alloys [3-10]. After addition of
reinforcements the aluminium composites showed
improvement in mechanical and tribological
properties. However, selection of appropriate
reinforcement and processing technique is very
crucial and highly dependent on the type of
application.

Machining is the most important and major
manufacturing process in which final shape to a
component is given by turning, milling, drilling or
other miscellaneous operations. As aluminium
alloys and its composites have huge role in the
manufacturing of various automotive and aircraft
parts it is necessary to understand their machining
performance especially when a new type of
reinforcement or thermal treatment is given. The
effect of processing conditions like secondary
deformation processing, heat treatment, addition
of alloying elements and filler materials like SiC
into aluminium alloys has created considerable
apprehension due to lack of information on
machining attributes. In their work Bansal and

28 Manufacturing Technology Today, Vol. 19, No. 11, November 2020
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Abstract - The functionality of the suspension and steering system must maintain an appropriate balance along with a
strong supporting structure that strengthens the design and adds to comfortable driving. The design should be low-cost and
light-weight as possible without compromising the required strength. This project result gives an optimized front suspension
spring of three-wheeled passenger vehicles and offers modifications to improve the vehicle's directional stability. This
improved suspension spring is also suitable for smaller versions of the three-wheeler passenger vehicle. The material IS 4454
is used in this study.

Key Words: Finite Element Analysis, Three Wheeler Suspension Spring, Weight Optimization, IS 4454

1.INTRODUCTION

The suspension system of a three-wheeled vehicle must be adequately constructed in order to drive it comfortably and
with firm control. The driver will be unable to direct the engine's power unless he or she gains strong control of the
vehicle. As a result, without a suspension system, all other parameters for automotive performance, such as horsepower,
torque, and 0-100kmph acceleration, are useless. As a result, the suspension system is one of the most crucial elements of
a vehicle.

Vertical Acceleration
Normal Wheel Height

Hanzontal

- Acceleration

Fig -2: Concept of suspension working

The suspension system's aim is to give road grip through maximum friction between the tyre treads and the road surface, to
guarantee adequate steering stability and handling, and to keep the occupants comfortable.

Whenever there is a surface irregularity, the wheel will experience a vertical acceleration. All of the wheels send vertical
energy to the frame, which moves in the same direction, in the absence of intervening structure such as suspension spring.
The wheels barely make touch with the road in this situation. When a wheel goes over a bump, the wheels slam back into
the road due to gravity's downward force.

Therefore, it is necessary to have a mechanism that absorbs the vertically-accelerated wheels' energy allows the frame
and body to ride pleasantly and without disruption while the wheel follows bumps in the road can make controlling the
vehicle and driving more comfortable.

2. PROBLEM DEFINITION
After a thorough examination of the vehicle's issue, it was discovered that when the driver releases the steering wheel, the

vehicle quickly drifts to the right side. Because of the weight of the suspension components, the vehicle drags to one side.
The front suspension spring was modified and optimized to deal with this issue.

© 2021, IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 3562
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Abstract

In most of the textile industries as well as paper making machine, rollers are major component is used for rolling mechanism which
is always in contact with product like textile cloths, papers. Continuous rolling action causes wear and tear of the roller’s surface,
which leads to uneven distribution of the cloths and papers as these products are having thickness in microns. So after such wear
of roller, it is coated with the same material as roller using plasma coating technique. Now a day’s manual techniques are used for
plasma coating which consumes more time and requires extra labors resulting in high cost for coating. In this project we designed
and developed a new mechanism using lead screw, tail stocks, motors, belt drives etc. for semi-automated plasma coating
mechanism for roller coating. This mechanism uses lead screw for movement of the plasma coating gun, hence requires less labors
and it has arrangement for coating two rollers simultaneously. Tailstock and chuck mechanism is used for holding of roller while
AC motors are used for rotation of chuck with the help of the belt and drive arrangement.

Keywords: Textile, Roller, Plasm-Coating, Tailstock

I. INTRODUCTION

Coating techniques are becoming more and more important for the added value to the technical textiles. It improves and widens
the spectrum of functional performance criteria of textiles and thus their use grows significantly, given the diversification of uses
for technical textiles. The traditional process for coating required more time and higher value to the manufacturer. The use of
appropriate technology with modern machines is the key to textile coating success. Productivity of the machine is essential but
flexibility in the range of production speeds, high level of process monitoring, and automation are also essential factors to fulfill
technical criteria. But this high automation required higher initial cost, so we design the semiautomatic plasma coating setup which
minimizes the initial investment and also the production cost.

II. LITERATURE REVIEW

The literature review for the dissertation project outlined in the previous chapter falls under this heading.

Jovana Ruzicl, Miroljub, Dusan [1] discussed different thermal spray coating methods for applying metallic and non-metallic
coatings. The coating material is heated to either a molten or semi-molten state and then directed toward a surface which is to be
coated using carrier gases or injection jets. Plasma spraying materials are typically powder, and they require a carrier gas to be fed
into the plasma jet that flows between the heated cathode and the cylindrical nozzle-shaped anode.

Sagar Amin, Hemant Panchal [2] have discussed about surface coating which is cost-effective way to produce materials,
equipment, and machine components with desirable surface qualities like corrosion, erosion, and wear resistance. To attain the
desired qualities, various coatings are utilized. Thermal spray coating is the most successful methods for protecting new parts
against wear, high-temperature corrosion, and erosion, as well as for forming strong and heavy coatings that extend the material's
life. This article discusses the fundamental principles, benefits, applications, and comparisons of different spraying methods like
Plasma Spray, Flame Spray, and High Velocity Oxy-Fuel Spray (HVOF).

Armelle Vardelle, Christian Moreau, Nickolas J. Themelis, Christophe Chazelas[3] have given information about plasma
spraying which merely thought to be a significant technology wherein all the key parameters have been observed and addressed.
Morever, some complex interactions between the conducting fluid and plasma torch operation are still unknown. Variations of the
plasma spray method are now surfacing, posing new scientific questions. These relatively new approaches enable the fabrication

All rights reserved by www.ijste.org ]
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To,
Prof.. A.A.Katkar,
Dept. of Mechanical Engg,

Sanjeevan Engineering & Technology Institute,Panhala.

M.TECH. REGULAR EXAMINATION- WINTER, 2020

Dear Sir/Madam,

| am directed to inform you that Dr. Babasaheb Ambedkar Technological University, Lonere has
appointed you as a Paper-Setter in the following subject(s). You have to submit question bank with
answers on all units as per syllabus in prescribed format.

Semester Subjects

I  Semester Analysis and Synthesis of Mechanisms MDE12

Provided a child, a near relation of dependent of yours is not appearing or likely to appear at the
examination in the subject for which an invitation is now being offered to you. Also provided that you
are not an author or co-author of a book and that book is prescribed/reference book for the said
examination.

It is mandatory to submit a set of minimum 90 questions (minimum 15 on each unit) not in duplicate in
accordance with the syllabus.

It is mandatory to write the correct answer of each question in the prescribed format provided to you.
The Paper-Setter should submit the soft copy of the question bank in the prescribed format only on or
before 04 June, 2021 to acoe@dbatu.ac.in, svchaudhari@dbatu.ac.in, arbabhulgaonkar@dbatu.ac.in

THE QUESTION PAPER WILL BE PRINTED WITHOUT ANY MODERATION; THEREFORE, THE PAPER-
SETTER IS FULLY RESPONSIBLE FOR HIS/HER PAPER.

You are requested to keep your invitation strictly confidential.
Yours Faithfully,

Controller of Examinations (I/C)
Dr. Babasaheb Ambedkar Technological University, Lonere

IMPORTANT INSTRUCTION TO THE PAPER-SETTER
Your kind attention is invited to the following: As per section 32(5) (g) of the Maharashtra University Act,
1994, Examination Work is Compulsory.




DTE Code : L NGB 1 5

AICTE I
AISHE Code : C-11165

WNAAC

HOLY-WOOD ACADEMY'S

SANI==VAN

Sanjeevan Knowled
Pin- 416 201 (Mal

Acceredited shira)

LR Al it S Permanent AfTi

D AfTilia

Phone : 9146999500

= GROUP OF INSTITUTIONS, PANHALA mm

+ City, Somwar Peth-Injole, Punhala, Tal. Panhala, Dist. Kolhapur.

© Approved By AICTE, New Delhi © Recognized by Govt. of Maharashira. DTE. DOA
stion by Dr. Babasaheb Ambedkar Technological

Y versity, Raigad
ed 1o Shivaji University, Kolhapur., MSBTE. Mumbai.

Faculty Achievement

Name of Department

Mechanical Engineering

Year 2020-21

Sr. No. |year Name of the Faculty Event Name Title Journal/college/university Name Date
Inter-discipli Aspects i deling of
1 CE&QIP Short term course | o' o >Punary Aspects in modefing o IIT Bombay and BATU Lonere 21/11/2020t0 25/11/2020
manufacturing processes
TEQIP-III dT
2 Wgek Facsl?l(t);?er\?elo:ln(:ent Digital I?esign and Emerging Trends in Signal Go'vernment Engineering College Bikaner 10/08/2020 to 22/08/2020
Processing Rajasthan
Programme
3rd International e-Conference on Frontiers in Advances in Engineering and Nanotechnolo,
3 e-Conference organized Mechanical Engineering andnanotechnology ISSN (Online) 1541-815?, ISSN (Print) 1475_%35 27-28 November 2020
[ICFMET]
Shivaji Uni ity Kolh R h Cent
4 Ph.D. Ph.D. Thesis Submitted vall Sniversity £o apl."( e.searc enter 31/12/2020
Walchand College of Engineering )
MultiscaleModeli d Simulation Techni
5 QIP Short term course uitiscaielodeling and simulation TEChnIGUEs i anpur 08/03/2021 to 13/03/2021
for 3D Printing
6 QIP Short term course MechanicalBehaviour of Materials IIT Kanpur 15/03/2021 to 20/03/2021
2020-21 | Mr. Vinod Vasantrao Vanmore
ATAL Faculty Devel t
7 Progra:rfu y Develomen Micro-electromechanical Systems Sardar Patel College of engineering Mumbai. 23/11/2020 to 27/11/2020
Faculty Development -
8 Nearly Zero Energy Building(nZEB) SIT COE Yadrav MH 10/08/2020 to 14/08/2020
Programme
Faculty Devel t
9 acullty Developmen Industry 4.0 & condition monitoring VITI Mumbai and Eng. college Ajmer 15/03/2021 to 19/03/2021
Programme
Faculty Devel t
10 acullty Developmen Advances in Manufacturing and Materials DYP COE&T Kolhapur 20/04/2021 to 24/04/2021
Programme
1 ATAL Faculty Develoment Emerging Technologies in Product Design & Government College Of Engineering Chandrapur, 14/06/2021 to 18/06/2021
Program Development MH
ATAL Faculty Devel t
12 aculty Develomen 3D Printing & Design for Innovative Medical Devices |Malaviya National Institute of Technology Jaipur. [28/06/2021 to 02/07/2021

Program




Indian Institute of Technology Bombay
Continuing Education &
Quality Improvement Programmes (CE & QIP)

CERTIFICATE

This is to certify that

‘Z’ékmaf "Warfcs? a1l o %}aﬁﬁzaf*ﬁ-

has participated in the CEP course on

Inter-disciplinary Aspects in Modeling of Manufacturing Processes
Conducted for Dr. Babasaheb Ambedkar Technological University, Lonere, by lIT Bombay during November 21 - 29, 2020

o
{:,H_r’r' Ka VJ

Prof. Preeti Rao Prof. Suhas Joshi
Professor-in-Charge (CE & QIF) Course Coordinator

Fwine Scan R Code (R type code i b e
TIH-2073-T4



\J - =
. "'-,-"' < u s b T Uy A ll - 'Y -j ) . - -
: MO R B gl 1y v yanax! YRR EY

(|- "’ _

L

TWO WEEK FA DEVELOPMENT/PROGRAMME

- Certificate; of participation | iy

This is to certify the Vinod ’l/aaantrtw Vanmore of SETT PANHATA ‘K‘()‘L’Hﬂ‘P‘U‘I? has aucceaafully completed
a TEQTP-111 sponsored Two Week Faculty Development Programme on “Digilal Design and Emerging Trends in
Signal Processing” [rom fluguat 10th to fAugust 22nd, 2020 conducted online by department of Electronics &

Communicalion Engineering, Governmenl éngineering College Bikaner.

"

Certificate ID: 98ER30-CE000124
32,4 “outg N g

Mr. Rajendra Singh Shekhawat Dr. Manoj Kuri Dr. J. P. Bhamu
Organizing Secretary Convener Principal



Int. J. Nanotechnol., Vol. 18, Nos. 11/12, 2021 939

Editorial

Vinod V. Vanmore

Department of Mechanical Engineering,
Sanjeevan Engineering and Technology Institute,
Panhala, Kolhapur, Maharashtra — 416201, India
Email: vinodvanmore@gmail.com

Rahul B. Patil

Department of Physics,

Yashwantrao Patil Science College,

Solankur, Kolhapur, Maharashtra — 416211, India
Email: rrahulpatil@gmail.com

Biographical notes: Vinod V. Vanmore has 12 years of professional
experience (industry, research and academics). He has completed his Masters
in Production Engineering from the premier institute — Walchand College of
Engineering, Sangli. He has submitted his PhD in Mechanical Engineering
to Shivaji University, Kolhapur — a leading university in research outputs. He
has published six research articles in refereed journals. His research interests
include non-conventional machining and micro-machining for difficult to cut
materials, fluidics, and optimisation techniques.

Rahul B. Patil has 17 years of professional experience (research and
academics). He has been awarded the Departmental Research Fellowship by
Shivaji University, Kolhapur and completed PhD in Physics in 2008. Further,
he has been PostDoctoral Fellow at National Central University Taiwan during
2009-2010. He has authored five textbooks and one reference book.
He has published 22 research articles in Scopus indexed refereed journals and
has attended/presented numbers at various national/international conferences.
His research interests include nanomaterials, green synthesis, thin films.
Currently, he is working as Head of Department of Physics at YP Science
College. He is a life member of ISTE (Indian Society for Technical Education).
He has been editor of national and international conferences proceedings.

3rd International e-Conference on Frontiers in Mechanical Engineering and
nanoTechnology [ICFMET] has been successfully organised on 27-28 November, 2020.
The whole world was suffering through the pandemic, but could not much affect
the scientific temperament of the researchers. The research in medical sciences geared-up
and there was time to rethink and revise their research profiles and further plans.
This special issue as Advances in Engineering and Nanotechnology consists
of 10 papers from ICFMET-2020. The invited talks were delivered by eminent experts
from IIT Indore, IIT Delhi, IIT Roorkee, IIT Jammu and Sungkykwan University and
Yeungnam University South Korea. The objective of this conference was to share

Copyright © 2021 Inderscience Enterprises Ltd.



940 V.V. Vanmore and R.B. Patil

and exchange the ideas, knowledge and experiences in the field of mechanical
engineering and nanotechnology.

The ICFMET-2020 received 118 abstracts out of which only half of them were
invited to submit the full manuscripts. The guest editors of this special issue have picked
the ten manuscripts for this special issue. The technical committee have thoroughly
checked the suitability and fitting with journal’s guidelines. We also appreciate the
willingness of the authors in this regard. All the selected manuscripts went through single
blind peer review. We hope that readers will enjoy this special issue.

The first paper concludes that optical methods cannot be used in sedimentation study
of magnetorheological fluids (MRFs) specifically with higher concentration of particles.
MREFs are class of smart materials. The second paper focuses on the Taguchi-GRA-PCA
methodology for the optimisation of stiffness and deflection behaviour process variables
for a technical way to control the limitations of single objective techniques in
multiple performance characteristics problems. Third paper focuses on experimental
investigations on direct absorption solar flat plate collector using Al,O; nanofluid.
Fourth paper investigates the influence of the hardness, sliding distance and time on the
surface roughness during the sliding process. Fifth paper deals with the extraction,
characterisation and consumption of waste plastic oil (WPO) extracted through pyrolysis
process of mixed plastic waste in single cylinder diesel engine. Sixth paper focuses on
performance improvement of variable compression ratio diesel engine using H,O, as fuel
additive. The seventh paper is about shape and the size of nanoparticles which are the
crucial parameters of nanostructure that need to be securely controlled, owing to their
versatility for tailoring the properties and functions of nanostructures towards a variety of
applications. This paper reviews shape based surface plasmon resonance (SPR) of silver
nanostructures. The eighth paper aims to utilise the experimental approach to perform the
optimisation of processing parameters affecting the bio-oil yield in fast pyrolysis. In the
modern industrial world, steam is widely used to generate electricity, and for power
transmission and heating purposes where direct heating is not possible as in petroleum,
food, paper and other industries. The ninth paper deals with design of vertical fire tube
boiler using IBR code and FEA analysis. Tenth paper discuss the simulation based study
on the disc brake temperature distribution for optimising hole geometry.

We are thankful to [1] Dr. Ashok D. Chougale, The New College, Kolhapur;
[2] Dr. J.B. Yadav and Professor (Dr.) A.V. Ghule, Professor (Dr.) R.K. Kamat,
Shivaji  University, Kolhapur for their cooperation for scientific assessment
and evaluation. Besides, we are thankful to Chairman of SETI (Honourable P.R. Bhosale)
and YPSC (Honourable R.Y. Patil), Principals of SETI (Dr. M.B. Vanrotti) and YPSC
(Dr. G.G. Chougale) for encouraging to organise such an scientific event. Also we are
thankful to all the committee members and students. The guest editors would finally like
to extend their thanks to all authors who contributed to this special issue.

We would like to express our gratitude to the editorial board of the
International Journal of Nanotechnology (IJNT) and especially to Dr. Lionel Vayssieres,
the Editor-in-Chief of the IINT, for his kind cooperation towards this fruitful output.
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INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 46 (2021) 19486—-19497

Available online at www.sciencedirect.com Im‘ﬁfﬁ?”mw

ScienceDirect

journal homepage: www.elsevier.com/locate/he

Enhancement of heat and mass transfer
characteristics of metal hydride reactor for
hydrogen storage using various nanofluids

Check for
updates

Rahul U. Urunkar’, Sharad D. Patil

Department of Mechanical Engineering, RIT, Rajaramnagar, Affiliated to Shivaji University, Kolhapur, Maharashtra,
India

HIGHLIGHTS

e Developed and validated numerical model of metal hydride reactor for hydrogen storage.
e Selected various nanofluids for heat and mass transfer enhancement.

e Presented performance for Al,05/H,0, CuO/H,0 and MgO/H,0 nanofluid.

e Reported 10% improvement in the heat transfer rate for CuO/H,0 nanofluid.

e Absorption time is lowered by 9.5% for given conditions.

ARTICLE INFO ABSTRACT
Article history: The execution of metal hydride reactor (MHR) for storage of hydrogen is greatly affected by
Received 20 January 2021 thermal effects occurred throughout the sorption of hydrogen. In this paper, based on
Received in revised form different governing equations, a numerical model of MHR filled by MmNi, Al 4 is formed
7 March 2021 using ANSYS Fluent for hydrogen absorption process. The validation of model is done by
Accepted 11 March 2021 relating its simulation outcomes with published experimental results and found a good
Available online 16 April 2021 agreement with a deviation of less than 5%; hence present model accuracy is considered to
be more than 95%. For extraction or supply of heat, water or oil is extensively used in MHR
Keywords: during the absorption or the desorption process so as to improve the competency of the
Hydrogen system. Since nanofluid (mixture of base fluid and nanoparticles) has a higher heat transfer
Metal hydride characteristics, in this paper the nanofluid is used in place of the conventional heat
MmNig gAlp 4 transfer fluid in MHR. Further the numerical model of MHR is modified with nanofluid as
Nanofluid heat extraction fluid and results are presented. The Al,0s/H,0, CuO/H,0O and MgO/H,0O
Heat transfer nanofluids are selected and simulations are carried out. The results are obtained for

different parameters like nanoparticle material, hydrogen concentration, supply pressure
and cooling fluid temperature. It is seen that 5 vol% CuO/H,0 nanofluid is thermally su-
perior to Al,0s/H,0 and MgO/H,0 nanofluid. The heat transfer rate improves by the
increment in the supply pressure of hydrogen as well as decrement in temperature of
nanofluid. The CuO/H,0 nanofluid increases the heat transfer rate of MHR up to 10% and
the hydrogen absorption time is improved by 9.5%. Thus it is advantageous to use the
nanofluid as a heat transfer cooling fluid for the MHR to store hydrogen.

© 2021 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

* Corresponding author.
E-mail addresses: rahul.urunkar1991@gmail.com (R.U. Urunkar), sharad.patil@ritindia.edu, p2sharad@yahoo.com (S.D. Patil).
https://doi.org/10.1016/j.ijhydene.2021.03.090
0360-3199/© 2021 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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