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ABSTRACT

This present work deals with experimental investigation of photovoltaic thermal collector de-
sign and development with solar dryer (PVTCSD). An solar experimental investigation is 
done on coriander seeds by natural, forced and open sun drying to estimate different paramet-
ric investigations such as solar radiation intensity, removal of moisture and the air outlet in the 
collector. Solar radiation is utilized as a source of energy to propel the photovoltaic thermal 
collector dryer; which was analysed in a drying testing chamber temperature in the range of 
32οC to 59οC to dry 4 kg of coriander seeds. From the experimental study, it was understood 
that coriander seeds posses much more starting moisture 68% by weight and also the results 
proved that final moisture content has been decreased by 9% by weight during six bright days 
in the month of May 2021. The PVTCSD was used during the 9 a.m. to 4 p.m. In terms of un-
derstanding PVTCSD, solar sun drying with the forced convection achieved superior results 
than other two modes of operation.

Cite this article as: Srimanickam B, Kumar S. Drying investigation of coriander seeds in a 
photovoltaic thermal collector with solar dryer. J Ther Eng 2023;9(3):659−668.
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INTRODUCTION 

At the same time, the photovoltaic thermal system cre-
ates power and low heat. This can be successful for both 
domestic and mid-level applications. In addition, low-grade 
thermal energy could also favour for electrical appliances 
for application of heat and power generation. The notion of 
PV/T-campaigns which may also be created from the panel 
was introduced for the first time by Wolf [1]. In the solar 
thermal collector, Kern and Russed [2] offered the inno-
vative notion of water/air as a fluid medium. It is observed 

that electrical efficiency is increased upto 0.5% if silicon is 
used as an medium in the temperature of the solar panel 
by 10οC [3, 4]. In the photovoltaic thermal hybrid system, 
Srimanickam et al. [5] analysed several air canals. It was 
observed that thermal, thermal equivalent and thermal effi-
ciency were 18.9%, 36.5% and 48.8%, respectively. Yadav et 
al. [7] has added rectangular ruggedness to achieve the area 
of the heat transfer on surface of absorber in air channel. 
Srimanickam et al. [7] examined solar solar thermal hybrid 
single-glazing flat plate. He determined that the efficiency 
of electrical and electrical thermal systems was 12.40% and 
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34.43%. The performance of the V-groove solar collector 
has been investigated. The author argued that V-groove was 
better than standard geometry [8−12]. Different geometric 
rugosity was investigated to identify blurs on absorber plate, 
which performs better results than without blurring [13–19]. 
Srimanickam et al. [20] evaluated the different performances 
of the electrical, thermal and exercise thermal photovoltaic 
thermal hybrid system. Sawhney et al. [21] examined the 
roughness of several wave vortexes in the absorber plates 
and detected thermos hydraulic performance. Dongxu Jin 
et al. [22] investigated various geometric form and from 
him studies it is understood that absorber plate is modified 
with V-shaped ribs for achieving high thermal performance. 
Srimanickam et al. [23] from him detailed experimental 
studies it is understood that maximum thermal efficiency is 
achieved 4 to 12% at a mass flow rate of 0.008kg/s by exergy 
principle. Five varieties of mild steel air channels have been 
carried out experimental by srimanikam et al. [24] and two 
kinds of mass flow. The studies indicated that 14.27% and 
20.81% respectively were electrical and thermal efficiencies. 
Adam et al. [25] examined circular ring turbulators with 
varied hole geometries. Deep Singh Thakur et al. [26] exam-
ined the hyperbolic artificial roughened ribs as conducting 
medium in the absorber flat plate; for investigation process 
to measure numerous arc-shaped rugged aluminium wire 
on the platform was examined by Anil et al. [27]. Omer 
and Zala et al. [28] experimentally researched PVT system 
and he has found enhanced flow rate from 0.024 to 0.057 
m3/s was achieved by 20 percent, respectively by 44 percent. 
Slimani et al. [29] investigated air flow by absorber surfaces 
to generate algiers higher thermal energy. Hasanuzzaman et 
al. [30], from him conclusion it is observed that tempera-
ture boosts the power output in photovoltaic system. This 
means that the PV system may achieve the greatest electrical 
energy by extracting heat from the air, water or both. The 
arc rib roughness geometry effect on absorber plate is evalu-
ated by Hans et al. [31]. Several researchers had done inves-
tigations to evaluate the thermal performance, by changing 
the geometrical dimensions of dryer and collectors. In our 
research study we focused on photovoltaic system was to be 
developed for measuring the overall removal moisture con-
tent of coroindor seeds with better geometrical size of dryer. 
PVTD method with open drying method was tooked in our 
experimental investigation and also compared PVTD with 
open sun drying method, results proved that sun drying 
method was better than PVTD method for better removal 
of moisture content. It was neccessory to monitor the tem-
peratures with the aid of sensors; inorder to investigate the 
performance and thermal storage behaviour of the solar pv 
with respect to phase change materials Kumar et al. [41]. It 
was neccessory to examine some deformations with the help 
of simulation software like computational fluid dynamics 
and ansys work bench to evaluate the dynamic performance 
of the system Karthickeyan et al. [42].

EXPERIMENTAL PROCEDURE

A diversified kind of heat exchange devices is a pho-
tovoltaic thermal system with dryer (PVTCSD). Hence 
solar panel transfers solar radiation energy, wave energy 
converted into thermal energy, often sunshine. The exper-
imental readings were taken from 9 a.m to 4 p.m for six 
bright days for this investigation to measure the intensity 
of solar radiation. The intensity of radiation is a measure 
to evaluate the performance of this system, hence the rays 
emitted during maximum radiation gives better perfor-
mance (moisture removal rate). This method was adopted 
by solar glazing process to receive the solar intensity and 
converts that intensity into heat energy for removal of 
moisture.The available heat energy is transferred by fan to 
dryer for the removal of moisture. The Figure 1 illustrates 
the experimental installation setup incorporated with solar 
air collector and dryer. The system is comprised of compo-
nents such as solar air collector, ventilator, drying chamber 
and air vent roof, fan e.t.c. The moisture of the corian-
der seeds was evaporated by the available maximum heat 
energy that glazed from solar radiation, which transfers the 
heat to drying chamber,. Consequently, the moisture of the 
coriander seeds was eliminated, which then turns into dry 
chilli Purohit et al. [39]. For this entire set up PVTD and 
sun drying the final scope of this doing experimental set 
up and analysis was to measure the removal of moisture 
content of coriander seeds subjected to different tempera-
tures and pressures and also the thermodynamic proper-
ties such as relative humidity, humidity ratio and moisture 

Figure 1. Experimental setup with coriander seeds.



J Ther Eng, Vol. 9, No. 3, pp. 659−668, May, 2023 661

absorbing efficiency also evaluated in this process. The 
solar panel inclination at an angle of 130 degree was to be 
designed to capture more energy from the intensity of the 
incident sunlight. The measurements of the hybrid collec-
tor were modelled as 1115 mm x 670 mm and the whole 
set up was installed at the north chennai (Avadi) for mea-
suring the performance of the system.The table 1 illustrates 
description of PVTCSD with dimensions that tooked for 
this investigation. 

METHODOLOGY

Product Moisture Content
The moisture level of coriander seeds is studied by the 

following equations for initial and final stage moisture as 
follows 
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Mi represents initial mass commodity in kg 
Md represents dry matter mass in kg
Ms represents dried commodity mass of the solar dryer 

in Kg
Mt represents sample mass with respect to time kg 

Equation 1 represents the available initial mass to be 
absorbed subjected to different temperatures to be dry in 
kg.

Equation 2 represents the mass of the fluid that to be 
dried, when the coroindor seeds were to be dried in solar 
dryer with respect to kg.

Equation 3 represents the sample mass to be mosistured 
with respect to kg.

 Performance in terms of Electrical Efficiency
The performance in terms of Electrical Efficiency is cal-

culated by [23] and [24]
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 Where, Ėel is an outlet electrical power (W), G = solar 
radiation, W/m2, A = PV module area in m2.

Perfomance in terms of Thermal Efficiency
Thermal efficiency depends upon generation of heat in 

kilojoules and the dimensional area of the panel measured 
in square metre in addition to the intensity of solar radia-
tion by refereing [11, 20, 23] and [26], Hence mass flow rate 
of air related by

 m= ρ *A* v (5)

m = mass flow rate of air expressed in kg/s
ρ = density of air in kg/m3

A = cross Sectional area of the air to be flow in m2

V = Air velocity in m/s

 ( )u out inQ mCp T T= −  (6)

Table 1. Description of PVTCSD
S.no Description Operating parameters
1 Entry Air Velocity (v) 1.1 & 1.9 m/s
2 Sk temperature (Ta) 308 - 317 K
3 Area of the panel, A 0.7471 m2

4 Fan power 18 Watts
5 Drying Chamber height in Metres 1.050 m
6 Drying chamber Length 0.700 m
7 Length of the panel 1.115 m
8 Solar panel Circute voltage at opening, Voc 18.98 V
9 Solar Panel Short circuit, Isc 5.26 A
10 Solar panel Slope at surface 130
11 Solar radiation (G) 400-1100 W/m2

12 Thickness of the panel 0.035 m
13 Chamber width 0.700 m
14 Width of the panel 0.670 m
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Qu is the heat gained with the help of system and Cp 
denotes the capacity specific heat .

Tin and TExit represents inlet and outlet fluid air tempera-
tures of the photo voltaic thermal collector respectively and 
heat efficiency obtained from this experimental setup is 
expressed in equation 7. Further, The generation of thermal 
energy through forced convection with the help of fan is 
expressed in equation 8
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 ηther = Thermal efficiency of fan
 Pfan = Power output of the fan expressed in watts,
Here power generated through fan has been utilized for 

generation of thermal energy for drying solar commodity 
applications.

RESULTS & DISCUSSIONS

Photovoltaic thermal system with dryer (PVTCSD) 
tests had be conducted on coriander seeds and from inves-
tigation it is found that performance has been improved in 
clear sky medium, and also and from this analysis it is noti-
fied that conventional drying form of removing moisture 

content from coriander seeds is effective in comparison 
with solar drying as compared with natural and forced 
convection.

Figure 2 represents intensity of solar radiation vs tem-
perature with respect to time, From the above results it is 
observed that maximum intensity of radiation 1048 W/M2 
is achieved at 12 p.m with ambient temperature of 40οC, 
Further it is observed that the minimum intensity of radi-
ation 467 W/m2 occurs during evening time 16 p.m with 
ambient temperature of 32οC, Hence the study reveals that 
maximum solar radiation is very high at 12 p.m and min-
mum intensity occurs at 16 p.m and we have conducted 
this test for all six bright days and experimentally finded 
the same values without any error.

From Figure 3 represents electrical efficiency vs glazing 
temperature from the studies it is observed that when the 
glazing surface temperature were increased electrical effi-
ciency is significantly dropped as per the above illustriation 
it is noted that electrical efficiency was attained by 7% with 
respect to glazing surface temperature reached at 58οC.

Figure 4 represents thermal efficiency vs outlet tem-
perature of air. The maximum thermal efficiency 58% is 
achieved during midnoon 12 p.m with respective outlet 
temperature of air is 42οC from the experimental studies 
it is understood that the minimum thermal efficiency is 
occurred during 9 a.m with an thermal efficiency of 28% 
Figure 5 represents thermal efficiency vs power of the fan 
with respect to thermal efficiency of PVTCSD and from 
the plotted results it is observed that thermal efficiency 
of PVTCSD and the thermal efficiency of PVTCSD with 
fan power is gradually increasing with respect to 9 a.m 
and it is noted that the maximum efficiency is achieved at 

Figure 2. Solar radiation vs ambient temperature
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forenoon 12 p.m, achieved upto 58% in terms of fan power 
it is achieved up to 45%. The electrical efficiency generated 
by the solar panel is 18 watts can be utilized by mini fan to 
complete the process.

Solar drying is an indication of removal of maximum 
moisture content of the product by the utilization of solar 
intensity that available from different glazing temperatures 

[35]. Figure 6 represents the comparative results obtained 
from open sun drying, solar drying along with natural and 
forced convection of PVTCSD. As per the average test days 
of the experimental study deals with various hours of dry-
ing in solar drying with forced convection, solar drying 
with natural convection and open sun drying 7 hrs 10 mins, 
13 hrs 30 mins and 18 hrs 20 mins respectively. Open sun 

Figure 4. Thermal efficiency and outlet air temperature of PVTCSD.

Figure 3. Electrical efficiency vs glazing surface temperature of PVTCSD.



J Ther Eng, Vol. 9, No. 3, pp. 659−668, May, 2023664

drying has many demerits such as product quality will dete-
riorate, contaminated items mixed together which made nil 
quality. This was due to the phenomenon of time consump-
tion of open sun drying is more compared to other meth-
ods of removal of moisture content [39],[40].

Typical hourly values of solar radiation vs Thermal effi-
ciency of PVTCSD is shown in Figure 7. When solar radi-
ation has been enhanced thermal efficiency was increased. 
As per the diagram, 24.38% of thermal efficiency can be 

reached at 468 W/m2, whereas 55.96% of thermal efficiency 
can be attained at 1037 W/m2.

The intensity of solar radiation is the key factor to mea-
sure or evaluate the electrical efficiency of the system. Or 
in other words it is defined as the estimation of the pro-
pulsion of solar electrical current to measure the overall 
performance of the system [37]. Figure 8 represents the 
intensity of solar radiation with respect to the achieved 
electrical efficiency of PVTCSD system.From the figure 8 it 

Figure 5. Thermal efficiency and Fan power with Thermal efficiency of PVTCSD.

Figure 6. Comparative results on open sun drying, solar drying along with natural and forced convection of PVTCSD.
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was observed that the be 6.86% of thermal efficiency can be 
reached at 890 W/m2, whereas 10.34% of thermal efficiency 
can be attained at 1135 W/m2. This is due to the phenom-
enon of maximum electrical efficiency was subjected to 
glazing temperatures and maximum intensity of solar radi-
ations. The phenomenon of solar radiation has a significant 
predominant enhanced parameter to measure the electrical 
efficiency of the system [38].

 Typical hourly values of Generated electrical power, 
power consumed by fan and power gained by the system is 
revealed in figure 9. As electrical energy was increased power 
gained by the system also enhanced, however power con-
sumed by the fan was used at a constant scale at 18 watts. 
According to the system that electrical power generated at 
a maximum quantity at 12 Noon, during this period power 

Figure 8. Solar radiation intensity vs Electrical efficiency of PVTCSD.

Figure 7. Solar radiation intensity vs Thermal efficiency of PVTCSD.
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gained by the system was reached at 69.55 watts. However, 
power consumed by the fan since 9 am to 4 pm 18 watts only.

CONCLUSION

From the experimental analysis it is found that
v Coriander seeds has been dried at all three modes, 

among this forced convection has significantly pro-
duced better results. However, open sun drying was 
performed at a poor level.

v Air flow rate has been increased which induced bet-
ter thermal efficiency. As a result, drying time will be 
reduced significantly in the forced convection mode of 
drying.

v Electrical and thermal efficiency were achieved by 
PVTCSD such as 10.34 %, 55.96 %, respectively.

NOMENCLATURE

A Cross Sectional area of the air to be flow in m2

A PV module area in m2

Cp Specific heat in kg/kgk
Ėel Outlet electrical power in watts,
G solar radiation in W/m2

m Mass flow rate of air expressed in kg/s
 ηther Thermal efficiency of fan
P Power in watts.
Pfan Power output of the fan expressed in watts

PVTCSD Photovoltaic thermal collector design and devel-
opment with solar dryer.

Qu Heat gained by the system in watts.
Tin Inlet Temperature in οC
Tout  Outlet Temperature οC
W Power gained by system in Watts.
ρ Density of air in kg/m3

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the 
findings of this study are available within the article. Raw 
data that support the finding of this study are available from 
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

ETHICS

There are no ethical issues with the publication of this 
manuscript.

Figure 9. Generated electrical power, power consumed by fan and power gained by the system.



J Ther Eng, Vol. 9, No. 3, pp. 659−668, May, 2023 667

REFERENCES

 [1] Wolf M. Performance analyses of combined heat-
ing and photovoltaic power systems for residences. 
Energy Convers 1976;16:79−90. [CrossRef]

 [2] Kern Jr EC, Russell MC. Combined photovoltaic and 
thermal hybrid collector systems (No. COO-4577-
3; CONF-780619-24). Massachusetts Instutions of 
Technology, Lexington (USA). Lincoln Laboratory, 
1978.

 [3] Ji J, Han J, Chow T, Yi H, Lu J, He W, et al. Effect 
of fluid flow and packing factor on energy per-
formance of a wall-mounted hybrid photovol-
taic/water-heating collector system. Energy Build 
2006;38:1380−1387. [CrossRef]

 [4] Skoplaki E, Palyvos JA. On the temperature depen-
dence of photovoltaic module electrical perfor-
mance: A review of efficiency/power correlations. 
Sol Energy 2009;83:614−624. [CrossRef]

 [5] Srimanickam B, Vijayalakshmi MM, Natarajan E. 
Thermal analysis on photovoltaic thermal hybrid 
system with cooling channel with V-baffles. Ind J Sci 
Technol 2015;8:111−120. [CrossRef]

 [6] Yadav S, Kaushal M, Varun, Siddartha. Nusselt 
number and friction factor correlations for so-lar 
air heater duct having protrusions as roughness ele-
ments on absorber plate. Exp Therm fluid Sci 2013; 
44:34−41. [CrossRef]

 [7] Srimanickam B, Vijayalakshmi MM, Natarajan E. 
Experimental performance assessment of single glaz-
ing flat plate solar photovoltaic thermal (PV/T) hybrid 
system. Prog Ind Ecol 2015;9:111−120. [CrossRef]

 [8] Parker BF. Derivation of efficiency and loss factors for 
solar air heaters. Sol Energy 1981;26:27−32. [CrossRef]

 [9] Parker BF, Lindley MR, Colliver DG, Murphy WE. 
Thermal performance of three solar air heaters. Sol 
Energy 1993;51:467−479. [CrossRef]

[10] Karim MA, Hawlader MNA. Performance evalua-
tion of a v-groove solar air collector for drying appli-
cations. Appl Therm Eng 2006;26:121−130. [CrossRef]

[11] Karim MA, Hawlader MNA. Performance investiga-
tion of flat plate, v-corrugated and finned air collec-
tors. Energy 2006;31:452−470. [CrossRef]

[12] Elshafei EAM, Awad MM, El-Negiry E, Ali AG. 
Heat transfer and pressure drop in corrugated chan-
nels. Energy 2010;35:101−110. [CrossRef]

[13] Chaube, Sahoo PK, Solanki SC. Analysis of heat trans-
fer augmentation and flow characteristics of a solar air 
heater. Renew Energy 2006;31:317−331. [CrossRef]

[14] Kumar S, Saini RP. CFD based performance analy-
sis of a SAH duct provided with artificial roughness. 
Renew Energy 2009;34:1285−1291. [CrossRef]

[15] Karmare SV, Tikekar AN. Analysis of fluid flow 
and heat transfer in a grit roughened surface solar 
air heater using CFD. Sol Energy 2010;84:409−417. 
[CrossRef]

[16] Yadav AS, Bhagoria JL. A numerical investigation of 
square sectioned transverse rib roughened solar air 
heater. Int J Therm Sci 2014;79:111−113. [CrossRef]

[17] Kumar A, Kim M-H. Effect of roughness width 
ratios in discrete multi V-rib with staggered rib 
roughness on overall thermal performance of solar 
air channel. Sol Energy 2015;119:399−414. [CrossRef]

[18] Singh S, Singh B, Hans VS, Gill RS. CFD (compu-
tational fluid dynamics) investigation on Nusselt 
number and friction factor of solar air heater duct 
roughened with non-uniform cross-section trans-
verse rib. Energy 2015;84:509−517. [CrossRef]

[19] Dongxu J, Zhang M, Wang P, Shasha X. Numerical 
investigation of heat transfer and fluid flow in a 
solar air heater duct with multi V-shaped ribs on the 
absorber plate. Energy 2015;89:178−190. [CrossRef]

[20] Srimanickam B, Vijayalakshmi MM, Natarajan E. 
Experimental study of exergy analysis on flat plate 
solar photovoltaic thermal (PV/T) hybrid system'. 
Appl Mech Mater 2015;787:82−87. [CrossRef]

[21] Sawhney JS, Maithani R, Chamoli S. Experimental 
investigation of heat transfer and friction factor char-
acteristics of solar air heater using wavy delta wing-
lets. Appl Therm Eng 2017;117:740−751. [CrossRef]

[22] Jin D, Zuo J, Quan S, Xu S, Gao H. Thermohydraulic 
performance of solar air heater with staggered mul-
tiple V-shaped ribs on the absorber plate. Energy 
2017;127:68−77. [CrossRef]

[23] Srimanickam B, Vijayalakshmi MM, Natarajan E. 
Energy and exergy efficiency of flat plate PVT collec-
tor with forced convection. J Test Eval 2018;46:1−15. 
[CrossRef]

[24] Srimanickam B, Saranya A. Thermal performance 
of single glazing flat plate photovoltaic thermal 
hybrid system with various air channels. J Test Eval 
2019;49:2119−2150. [CrossRef]

[25] Acir A, Ata I, Canli ME. Investigation of effect of 560 
the circular ring turbulators on heat transfer aug-
mentation and fluid flow characteristic of solar air 
heater. Exp Therm Fluid Sci 2016;77:45−54. [CrossRef]

[26] Thakur DS, Khan MK, Pathak M. Performance eval-
uation of solar air heater with novel hyperbolic rib 
geometry. Renew Energy 2017;105:786−797. [CrossRef]

[27] Singh AP, Varun, Siddhartha. Heat transfer and friction 
factor correlations for multiple arc shape roughness 
elements on the absorber plate used in solar air heaters. 
Exp Therm Fluid Sci 2014;54:117−126. [CrossRef]

[28] Omer KA, Zala AM. Experimental investigation 
of PV/thermal collector with theoretical analysis. 
Renew Energy Focus 2018;27:67−77. [CrossRef]

[29] Slimani MEA, Amirat M, Kurucz I, Bahria S, Hamidat 
A, Chaouch WB. A detailed thermal-electrical model 
of three photovoltaic/thermal (PV/T) hybrid air col-
lectors and photovoltaic (PV) module: Comparative 
study under Algiers climatic conditions. Energy 
Convers Manag 2017;133:458−476. [CrossRef]

https://doi.org/10.1016/0013-7480(76)90018-8
https://doi.org/10.1016/j.enbuild.2006.02.010
https://doi.org/10.1016/j.solener.2008.10.008
https://doi.org/10.17485/ijst/2015/v8i36/87643
https://doi.org/10.1016/j.expthermflusci.2012.05.011
https://doi.org/10.1504/PIE.2015.073081
https://doi.org/10.1016/0038-092X(81)90108-0
https://doi.org/10.1016/0038-092X(93)90132-8
https://doi.org/10.1016/j.applthermaleng.2005.03.017
https://doi.org/10.1016/j.energy.2005.03.007
https://doi.org/10.1016/j.energy.2009.08.031
https://doi.org/10.1016/j.renene.2005.01.012
https://doi.org/10.1016/j.renene.2008.09.015
https://doi.org/10.1016/j.solener.2009.12.011
https://doi.org/10.1016/j.ijthermalsci.2014.01.008
https://doi.org/10.1016/j.solener.2015.06.030
https://doi.org/10.1016/j.energy.2015.03.015
https://doi.org/10.1016/j.energy.2015.07.069
https://doi.org/10.4028/www.scientific.net/AMM.787.82
https://doi.org/10.1016/j.applthermaleng.2017.01.113
https://doi.org/10.1016/j.energy.2017.03.101
https://doi.org/10.1520/JTE20160290
https://doi.org/10.1520/JTE20170750
https://doi.org/10.1016/j.expthermflusci.2016.04.012
https://doi.org/10.1016/j.renene.2016.12.092
https://doi.org/10.1016/j.expthermflusci.2014.02.004
https://doi.org/10.1016/j.ref.2018.09.004
https://doi.org/10.1016/j.enconman.2016.10.066


J Ther Eng, Vol. 9, No. 3, pp. 659−668, May, 2023668

[30] Hasanuzzaman M, Malek ABMA, Islam MM, 
Pandey AK, Rahim NA. Global advancement of 
cooling technologies for PV systems: A review. Sol 
Energy 2016;137:25−45. [CrossRef]

[31] Hans VS, Gill RS, Singh S. Heat transfer and friction 
factor correlations for a solar air heater duct rough-
ened artificially with broken arc ribs. Exp Therm 
Fluid Sci 2017;80:77−89. [CrossRef]

[32] Lakshmi DVN, Muthukumar P, Layek A, Nayak 
PK. Drying kinetics and quality analysis of black 
turmeric (Curcuma caesia) drying in a mixed 
mode forced convection solar dryer integrated 
with thermal energy storage. 2018;120:23−34. 
[CrossRef]

[33] Alta D, Bilgili E, Ertekin C, Yaldiz O. Experimental 
investigation of three different solar air heat-
ers: Energy and exergy analyses. Appl Energy 
2010;87:2953−2973. [CrossRef]

[34] Esen H. Experimental energy and exergy analy-
sis of a double-flow solar air heater having differ-
ent obstacles on absorber plates. Build Environ 
2008;43:1046−1054. [CrossRef]

[35] Bala BK, Morshed MA, Rahman MF. Solar drying 
of mushroom using solar tunnel dryer. International 
Solar Food Processing Conference 2009. p. 1−11.

[36] Heydaria A, Mesgarpour M. Experimental analy-
sis and numerical modeling of solar air heater with 
helical flow path. Sol Energy 2018;162:278−288. 
[CrossRef]

[37] Baldock N, Mokhtarzadeh‐Dehghan MR. A study of 
solar‐powered, high‐altitude unmanned aerial vehi-
cles. Aircr Eng Aerosp Technol 2006;78:187−193. 
[CrossRef]

[38] Buni MJ, Al-Walie AA, Al-Asadi KA. Effect of solar 
radiation on photovoltaic cell. Int Res J Adv Eng Sci 
2018;3:47−51.

[39]. Purohit P, Kumar A, Kandpal TC. Solar drying vs. 
open sun drying: A framework for financial evalua-
tion. Solar Energy 2006;80:1568−1579. [CrossRef]

[40] Hossain MA, Bala BK. Drying of hot chilli using 
solar tunnel drier. Sol Energy 2007;81:85−92. 
[CrossRef]

[41] Kumar S, Muniamuthu S, Mohan A, Amirthalingam 
P, Muthuraja MA. Effect of charging and discharg-
ing process of PCM with Paraffin and Al2O3 addi-
tive subjected to three point temperature locations. J 
Ecol Eng 2022;23:34−42. [CrossRef]

[42] Karthickeyan NK, Arun S, Mohan GS, Kumar S. 
Structural analysis of exhaust manifold for 1500 Hp 
engine. Int J Mech Eng Technol 2017;8:379−387.

https://doi.org/10.1016/j.solener.2016.07.010
https://doi.org/10.1016/j.expthermflusci.2016.07.022
https://doi.org/10.1016/j.renene.2017.12.053
https://doi.org/10.1016/j.apenergy.2010.04.016
https://doi.org/10.1016/j.buildenv.2007.02.016
https://doi.org/10.1016/j.solener.2018.01.030
https://doi.org/10.1108/17488840610663648
https://doi.org/10.1016/j.solener.2005.12.009
https://doi.org/10.1016/j.solener.2006.06.008
https://doi.org/10.12911/22998993/144691



