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ABSTRACT

In present research the impact of insulation on the discharge process of phase change material 
(PCM) and a comparison of the thermal performance of a solar cooker using two distinct 
types of heat transfer fluid (HTF) were experimentally investigated. The aim of this study is 
to select best performing HTF at the thermal performance point of view. In this experiment a 
solar cooker with an integrated PCM thermal storage unit was connected through connecting 
pipes to an evacuated tube solar collector. Separately, water and SigmaTherm–K were used as 
HTF to evaluate the thermal performance of a solar cooker. Acetanilide of commercial grade 
was utilized as thermal storage material in the solar cooker. Both charging and discharging of 
PCM were studied with insulation and without insulation. It was discovered that the tempera-
ture attained with PCM in an insulated cooker is 16.5°C and 19.3°C higher than without PCM 
using water and SigmaTherm–K as HTF respectively. It was concluded that using PCM with 
the SigmaTherm–K increased the amount of average energy by 29.11% compared to water. 
The temperature attained by water as cooking load increased from 22°C to 77°C and from 
20.1°C to 86.2°C using water and SigmaTherm–K as a HTF respectively.
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INTRODUCTION

The importance of solar energy lies in its abundant 
availability and its role in mitigating climate change. Solar 
energy is abundantly available, as it harnesses the power of 
the sun, which radiates immense amounts of energy every 
day. Moreover, its clean and renewable nature makes it a 
vital tool in reducing greenhouse gas emissions and tran-
sitioning towards a more sustainable energy future [1]. 
The production of electricity in today’s world necessitates 
a careful consideration of two critical factors: the escalat-
ing demand for energy and the imperative of incorporating 
renewable energy sources to promote sustainable develop-
ment. The array of renewable energy sources encompasses 
hydroelectric power, solar energy, wind power, geothermal 
energy, and numerous other sustainable options [2, 3]. The 
use of the solar energy is very essential due to the abun-
dantly available, and noise free operation. Nowadays solar 
energy plays very important part providing the clean and 
zero emission energy [4]. However, present research con-
siders the solar cooker analysis due to its extensive benefit 
to the environment such as no emission and lower cost etc 
[5, 6].

The use of PCM with evacuated tube solar thermal col-
lectors was reported by authors Aramesh and Shabani [7]. 
Their research indicates that evacuated tube solar collector 
(ETSC)-PCM technology needs continual advancements. 
To reduce the need of auxiliary heaters, they emphasized 
the necessity for techno-economic feasibility studies and 
more effective designs. The authors also emphasized the 
value of comparing performance evaluations of various 
PCMs while creating a selection manual to enhance ETSC-
PCM systems. Olfian et al. [8] investigated the thermal per-
formance of an ETSC integrated with PCM. Their primary 
objective was to analyze the functionality of a U-type ETSC 
that utilizes PCM to store excess daytime solar energy for 
nocturnal use. The focal points of their study included the 
maintenance of a consistent outlet temperature of approxi-
mately 40°C during daylight hours. Their findings indicated 
that the 6 mm diameter tube exhibited significant enhance-
ments, including a 25% improvement in liquid fraction and 
a 13.5% increase in fluid outlet temperature at 3:00 PM 
during charging when compared to other diameters. Yang 
et al. [9] conducted a comparative study between the inte-
grated PCM into an ETSC and a novel renewable-based unit 
comprising of an ETSC, photovoltaic module, PCM, and 
porous metal foam. The unit with all components showed 
the highest energy efficiency, outperforming a conventional 
collector by 13%. Factors like PCM melting temperature, 
nanoparticles fraction, and fluid flow rate were examined, 
with slight performance improvements noted for lower 
PCM melting points and nanoparticles dispersion. Kuang 
et al. [10] conducted a comparative analysis to predict the 
performance of evacuated tube solar collectors using three 
different methods: Convolution Neural Network (CNN), 
Multiple Linear Regression (MLR), and Back Propagation 

(BP) neural networks. Their research revealed that the 
CNN model surpassed both MLR and BP neural network 
models in terms of prediction accuracy, exhibiting the low-
est root mean squared error and the highest coefficient of 
determination.

On the above section various papers have been studied 
based on PCM application in solar collector. Therefore, it 
can be summarized from the aforementioned literature on 
that PCM plays very important role in solar collectors to 
enhance the performance of the solar collectors. Also, the 
solar collector performance can also be enhanced by utiliz-
ing the other HTFs.

Solar energy can be harnessed for cooking, although 
with the limitation that it primarily operates during day-
light hours. To address this constraint, solar cookers can be 
outfitted with thermal storage units, enabling food prepara-
tion even in overcast conditions or during night-time. Over 
the years, a variety of solar cookware designs, including box 
cookers and parabolic dish cookers, have been employed 
to harness this sustainable energy source for cooking pur-
poses [11]. In a review conducted by Lentswe et al. [12], 
they assessed parabolic solar cookers equipped with ther-
mal energy storage systems. Their findings indicated that 
the majority of the research in this field has focused on 
using latent heat storage, rather than sensible heat storage, 
particularly for high-temperature cooking applications with 
box-type solar cookers. Kumaresan et al. [13] performed an 
experimental investigation to evaluate the performance of 
a solar parabolic trough collector (PTC) integrated with a 
thermal energy storage system and examined it over the 
course of a full sunny day. The key findings revealed that 
PTC efficiency is most favourable between 8:00 AM and 
9:00 AM due to incident beam radiation and useful heat 
gain. The PTC achieves peak efficiency at noon, reaching 
an impressive 62.5%. To improve drying performance, 
Pandiaraj et al. [14] used a solar rack drier arrangement in 
an experiment. The system used a parabolic trough and a 
passive heating coil that was extended from a header of a 
water-in-glass evacuated tube to increase heat in the col-
lector section. Utilizing the enhanced dryer, this product 
required 1.27 kWh/kg of specific energy to dry. Energy effi-
ciency in the drying chamber ranged from 4% to 45%, with 
an average of 16% for capsicum frutescence.

In their theoretical study, Hebbar et al. [15] examined 
the functionality of an evacuated tube solar cooker. This 
solar cooker was unique in its utilization of palm oil as a 
heat transfer fluid and Magnesium nitrate hexa hydrate (Mg 
(NO3)26H2O) as a phase change material. The research 
findings demonstrated that the temperature of the palm oil 
within the system reaches its peak in the late afternoon and 
gradually decreases afterward. Palanikumar et al. [16] three 
Solar Box Cookers (SBCs) were developed: one with a PCM 
made from waste cooking oil and C4H4O3, another fea-
turing a novel SBC with a nanocomposite PCM (NPCM), 
and a third without NPCM. The cooker with NPCM raised 
the internal temperature to 164.12°C and showed an 11% 
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thermal performance improvement over the others. Overall 
thermal performance ranged from 24.90% to 56.21%, and 
bar plate absorber temperatures reached 163.74°C, 147°C, 
and 113.34°C under 1,037 W/m2 of solar radiation. Coccia 
et al. [17] a portable solar box cooker with a concentra-
tion ratio of 4.08 was studied in conjunction with thermal 
energy storage (TES) system utilizing a PCM called eryth-
ritol. The TES setup consisted of a double-wall stainless 
steel container containing 2.5 kg of erythritol in its annu-
lar space. The findings indicated that the inclusion of the 
erythritol-based TES substantially prolonged the average 
cooling time for loads within the 125°C–100°C temperature 
range, demonstrating an impressive increase of approxi-
mately 351.16%.

In the study conducted by Vishwakarma and Sinha 
[18] they carried a thorough examination of box-type 
solar cookers paired with a heat storage unit, synthesizing 
insights from prior experimental and analytical research 
endeavors. In their study, it was evident that among the 
various materials utilized for insulation, air exhibited the 
lowest energy efficiency, whereas coconut coir emerged as 
the most effective and energy-efficient choice. Lecuona et 
al. [19] constructed a solar cooker by combining a TES unit 
with a conventional focusing parabolic dish. The thermal 
storage materials employed in this setup consisted of eryth-
ritol and technical-grade paraffin. This approach highlights 
the importance of both the design elements and the choice 
of thermal storage materials in the development of effec-
tive solar cookers. Dhiman and Sachdeva [20] invented an 
innovative indirect type solar cooking system for indoor 
cooking purposes. Throughout their investigation, the sys-
tem effectively elevated the temperature of the heat trans-
fer fluid to an impressive 175°C. Moreover, the proposed 
system exhibited an average thermal efficiency of 13.11% 
over the course of an entire day, highlighting its promis-
ing potential for sustainable and efficient cooking. Uniyal 
et al. [21] performed a 3D simulation for an evacuated tube 
solar collector with different phase change materials (lauric 
acid, paraffin wax, stearic acid). They assessed heat trans-
fer and melting under varying solar conditions from 09:00 
to 13:00. Lauric acid melted most (about 95%), stearic acid 
the least (57.4%), making lauric acid suitable for low solar 
areas. Sagade et al. [22] introduced a versatile solar concen-
trating cooker designed to fulfil both cooking and heating 
requirements. The research incorporates the Cooker Opto-
Thermal Ratio (COR) as a thermal performance parameter 
and conducts an economic assessment through the level-
ized cost of cooking a meal. Notably, the system consistently 
maintains a COR value at approximately 0.0908, indicating 
its reliable and consistent performance. Furthermore, the 
efficiency of water heating is observed to vary with different 
flow rates, ranging from 0.57% to 0.81%.

The difference between the present study and the other 
study is that the present study has uses Acetanilide as PCM 
and SigmaTherm–K as HTF. Various studies performed 
on different HTFs such as Singh et al. [23] conducted a 

comprehensive investigation into the impact of using two 
HTF, namely water and engine oil, on the performance of a 
solar cooker integrated with an evacuated tube solar collec-
tor. Their research revealed significant differences in tem-
perature outcomes. When 600 ml of water was employed 
as the working fluid, the highest HTF temperature inside 
the cooker reached 98.5°C. In contrast, when motor oil was 
used, this temperature increased to 105.5°C. These findings 
underscore the significant influence of the choice of HTF 
on the solar cooker’s performance. Esen [24] conducted a 
detailed investigation into the performance of a solar cooker 
utilizing a refrigerant for heat transfer from the collector 
to the heat storage unit. In this study, a heat pipe was con-
structed, featuring three distinct refrigerants: R407c, R22, 
and R134a. The research aimed to understand the relation-
ship between various factors, including the thermophysical 
characteristics of the refrigerant and meteorological con-
ditions, and their impact on the cooking duration within a 
solar cooker. The study’s findings underscored the intricate 
interplay between these factors in determining the efficiency 
of a solar cooker. Harikrishnan et al. [25] delved into the 
effectiveness of heat pipes employed in ETSCs, conducting 
comprehensive evaluations under varying conditions. To 
scrutinize the heat pipe’s behavior, the experiments incor-
porated both evacuated tube collectors and parabolic collec-
tors. One significant observation was that heat pipes with a 
60° inclination within the evacuated tube collector outper-
formed those with a 35° inclination. Ultimately, the study’s 
key finding emphasized the optimal fill ratio for heat pipes 
in this context. It was concluded that the most efficient heat 
pipes are those where the working fluid is filled to a volume 
equivalent to 25% of the evaporator volume. This outcome 
highlights the importance of meticulous fluid selection and 
appropriate fill ratios when aiming to maximize the perfor-
mance of heat pipes within ETSCs.

In contrast to much of the existing literature, which 
commonly utilizes water as HTF due to its widespread avail-
ability, this study explores the potential of SigmaTherm–K 
as an alternative HTF. Additionally, the research employs 
Acetanilide as the PCM. The selection of PCM and HTF 
in many cases hinges on factors like heat capacity, cost, 
and availability. A distinctive aspect of this study lies in its 
introduction of SigmaTherm–K as an HTF, offering a com-
parison with the conventional choice of water. Moreover, 
the research underscores the importance of considering 
pipe insulation versus non-insulation in the context of 
this innovative approach. The objective of this study is to 
experimentally compare the thermal performance of a solar 
cooker based on ETSCs with various HTFs and with PCM. 
The research is conducted in the typical climate of Delhi, 
India.

EXPERIMENTAL SETUP

An ETSC with solar cooker setup is shown in the Figure 
1. The cooker is connected to the ETSC with the pipeline. 
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The main objective of the present experiment to calculated 
the performance of the solar cooker with ETSC. The exper-
iment’s setup consists of the following components: a cook-
ing unit, a heat pipe with HTF, an ETSC. Figure 2 represents 
structure and geometric properties of the evacuated tube. 
The dimension of the solar cooker has been taken as 200 
mm diameter and 100 mm of height having silver as the 
cooker material. It is made up of an evacuated tube that has 
double glass walls that are concentric to each other. One 
end of the tube is closed, while the other end of the tube is 
open. The area in between the two concentric tubes is evac-
uated to produce a vacuum. This ensures that there will be 
no heat loss due to conduction or convection and that any 
solar rays that penetrate the evacuated tube and absorbed 
by the heat pipe that is located inside the evacuated tube. 
However, the photograph of the of the solar cooker with 
insulation can be seen in Figure 3. A heat pipe is a pipe used 
to transfer heat from a collector to a heat sink. The heat pipe 
is shown in Figure 4. It is constructed from a highly con-
ductive material to ensure rapid heat transfer from one end 

to the other. A HTF is contained within the heat pipe and is 
responsible for transporting heat from the hot collector to 
the cold storage unit. High thermal conductivity and ther-
mal diffusivity are required, along with low viscosity and 
corrosion resistance in an HTF.

SigmaTherm–K [26] is used as HTF to carry heat from 
the collector to the cooking unit. SigmaTherm–K is syn-
thetic oil made from short length of a straight and saturated 
chain of Alkyl group. It has good properties of oxidation 
resistance, low carbon deposits, thermal stability, low rate of 
evaporation loss at low operating temperature and viscosity 
and cost effective. PCM serve as an energy backup source 
to SigmaTherm–K. The PCM materials make it possible 
to store excess thermal energy and utilize it at a later time 
if needed. Both sensible heat and the latent heat of fusion 
can be stored in this way. In this experiment, acetanilide 
serves as the PCM. Acetanilide is a colorless, odourless, 
solid chemical that resembles leaves or flakes and low cost. 
Formerly sold under the brand name Antifebrin, it is now 
more commonly known as its chemical name, acetanilide. 

Figure 2. Schematic diagram of the side view of the evacuated tube.

Figure 1. Evacuated tube solar cooker contains solar cooker without insulation.
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In the old school of organic chemistry labs, it was made by 
mixing acetic anhydride and aniline [27]. Solar cooker is 
constructed using two cooking utensils, copper pipe, PCM 
named acetanilide, a ball valve, and a pump. The diagram 
of the solar cooker is shown in Figure 5. The flowing of 
SigmaTherm-K and water can be seen in photograph of 
Figure 6 and Figure 7 respectively. Two cooking utensil 
is used to construct a solar cooker; the smaller utensil is 
placed inside the bigger utensil. The bigger utensil has a 
25 cm diameter and14.5 cm depth whereas smaller utensil 
has an 18 cm diameter and 9 cm depth. The heat transfer 
coefficients and thermal conductivity were as 23 W/m2°C 
and 120 W/m°C of the cooker unit. The space between the 
two utensils is filled with PCM named acetanilide and the 
amount of acetanilide is 3.5 kg. The melting point of the 
considered PCM is 114.3°C. Three-hole is drilled in the 
top holding of the utensil and from which two holes are 
used to pass a 3/8” copper pipe carrying heat transfer fluid 
SigmaTherm- K [28–31].Figure 3. Photograph of the solar cooker with insulation.

Figure 4. Schematic diagram of the heat pipe.

Figure 5. Schematic diagram of solar cooker.
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The following tools are used to measure the properties of 
the system. Temperature sensor: With an accuracy of +1°C, 
this sensor (model TPM-10) can be utilized for measur-
ing temperatures between -50°C and 110°C. ApTechDeals 
Company is the manufacturer of this temperature sensor. 
Whirling hygrometer: This instrument is used to measure 
the temperatures of both wet and dry bulbs. Up to 20°F can 
be measured using it. An anemometer measures the wind’s 
speed, which influences how hot or cold the ETSC is. The 
anemometer has a velocity range of 0–45 m/s and an opera-
tional temperature range of 10°C–50°C and humidity range 
of 40–85% relative humidity, respectively. The ambient and 
testing fluid temperatures were measured using two T-type 
thermocouples, and the remaining temperatures were 
determined using K-type thermocouples. Direct normal 
irradiance was measured using an Eppley NIP (Normal 
Incidence Pyrheliometer, +0.5% in the range 0-1400 W/
m2).

Analysis of Experimental Data
The amount of heat energy (Qin) required to boil water 

in the cooker, considering the ambient temperature as 30°C 
is given by [15];

  (1)

Where, mw and Cp, w are the mass flow rate and specific 
heat of water respectively.

The amount of heat gained by the HTF is given by [15];

  (2)

Where, mHTF and Cp, HTF are the mass flow rate and spe-
cific heat of HTF respectively.

Energy stored by PCM is given by as [27];

  (3)

Where, mPCM and CPCM are the mass flow rate and spe-
cific heat of PCM respectively.

It is assumed that the specific heat for the solid and liq-
uid phases of PCM is the same.

RESULTS AND DISCUSSION

The main objectives of this experimental setup were to 
assess the thermal performance of solar cookers based on 
evacuated tube collectors employing different HTFs. The 
experiments were run in November 2022. The majority of 
the day’s temperatures were between 18°C and 34°C. The 
solar collector was left exposed to the sun for eight hours 
every day, with readings taken every sixty minutes begin-
ning at 8:00 am. All data has been taken 4-5 times to take 
accurate results.

On day one, the PCM is charged with water to act as 
the HTF, and both valves are left open while the cooker is 
left without insulation. On a solar cooker with an evacu-
ated tube is put to the test without any insulation between 
it and the water being heated. The collector inlet tempera-
ture and outlet temperature were observed as 58.4°C and 
67.7°C respectively, and the cooking utensil temperature 
was 60.8°C. During the day, the intensity peaked at 818 W/
m2 at 14:00 hr of the day and the ambient temperature range 
were 18.0°C to 23.1°C. Time increases the radiation inten-
sity increased to it maximum value. Also, temperature of 
fluid increased due to high heat extraction. The variation 

Figure 7. Photograph showing water as HTF.Figure 6. Photograph of SigmaTherm–K as HTF.
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of the temperature of the different parts of experiment and 
solar irradiation are plotted in the Figure 8 with varying 
time conditions. Figure 8 can be considered as the refer-
ence case for the other conditions tested in this experiment.

On the second day, both valves are open during PCM 
charging with water as HTF, and the cooker is insulated. 
The experimental setup was tested with insulated cooker 
considering water as HTF this time also. In this result the 
maximum temperature of PCM was obtained 79.2°C at 
14:00 hr, however the temperatures at the collector inlet, 

collector outlet, and cooking utensils were observed as 
74.9°C, 83.5°C, and 77.5°C respectively at the same time. 
It can be observed from the Figure 9 the all temperature 
values increased and then decreased. As the time increased 
solar intensity increased which leads to high solar heat inci-
dence. Consequently, temperature followed similar pattern 
to radiation. The ambient temperature ranged from 18.4 to 
23.7°C, and the intensity peaked at a maximum of 812 W/
m2 during the day as seen in Figure 9. It can be seen com-
parison to the Figure 8 the maximum PCM temperature 

Figure 8. Variation of performance with time taking water as HTF without insulated cooker.

Figure 9. Variation of performance with time taking water as HTF with insulated cooker.
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was obtained more that of without insulation. Also, tem-
perature at the collector inlet more than without insulated 
cooker due to heat is restricted to transfer and transferred 
to the PCM.

On day three, valves were opened however, the PCM is 
being charged with water to serve as the HTF, and cooker is 
insulated with the cooking load. In test the cooking load is 
taken in the solar cooker and performance were compared 

with the reference conditions as described in Figure 8. The 
results of an experiment using an evacuated tube solar 
insulated cooker and that was filled with 500 mm of water 
were plotted in Figure 10. The experiment was tested from 
10:00 AM to 13:00 PM afternoon. The heat is transferred 
from the collector to the cooker using water as the HTF. 
The results are depicted in Figure 10, which reveals that the 
PCM reached its highest temperature of 79.8°C at 14:00 hr, 

Figure 11. Variation of performance with time without insulated cooker with SigmaTherm–K.

Figure 10. Variation of performance with time with insulated cooker with the cooking load.
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while the temperatures at the collector inlet, collector out-
let, and cooking utensils were, respectively, 75.8°C, 83.7°C, 
and 81.2°C. The temperature ranged from 18.3°C to 23.6°C, 
and the intensity peaked at a maximum of 823 W/m2during 
the day. If compared it base case with Figure 8, this test type 
performed better than that of the reference conditions. In 
this case the 8.45% of the temperature of the PCM increased 
as compared to reference case.

On day four, the valves are left open and now 
SigmaTherm-K is added to the PCM as HTF, and the 
cooker is left without insulation. As seen in Figure 11, the 
efficiency of an evacuated tube solar cooker is evaluated 
by using SigmaTherm-K as a HTF between the collector 
and the without insulated cooker. In this setup maximum 
temperature of the PCM was reached to 77.4°C at 14:00 
hr, while the temperatures of the collector inlet, collec-
tor outlet, and cooking utensils were obtained as 72.5°C, 
81.7°C, and 76.8°C, respectively. Also, the maximum inten-
sity during this day was 832 W/m2, and the ambient tem-
perature was varied from18.7°C and 24.1°C. In this test 
the temperature variation pattern is same as the previous 
one however values were higher than that previous due to 
it HTF combination gave highest heat absorbing capacity. 
Consequently, temperature increased. This variation can 
be seen in the Figure 11. Comparing the Figure 8 and the 
Figure 11, it can be seen that this setup performed better 
than the reference conditions. On the fifth day, both valves 
are open during PCM charging with SigmaTherm-K as 
the HTF, and the cooker is insulated. An evacuated tube 
solar cooker is being tested, which is insulated with glass 
wool insulation and uses SigmaTherm-K as HTF. During 

the time as depicted in Figure 12, the collector inlet, col-
lector outlet, and cooking utensils all reached temperatures 
of 93.2°C, 99.6°C, and 95.4°C, respectively, while PCM 
reached its maximum temperature of 96.7°C. Here PCM 
reached to its highest temperature because the cooker is 
insulated and SigmaTherm-K was used simultaneously that 
have better heat absorbing capacity. Intensity peaked at 812 
W/m2 during the day, with ambient temperatures range 
from 18.2°C to 24°C. Comparing with the above cases this 
system gave the highest temperature of PCM and inlet to 
the ETSC system.

Day sixth: in this last day solar cooker performance 
was tested with insulated cooker with cooking load using 
the SigmaTherm-K as the HTF. As the cooking load solar 
cooker was filled with 500 ml of water from 11:00 hr to 
13:00 hr and recorded results were plotted on the Figure 13. 
SigmaTherm-K is used to transfer heat from the collector to 
the cooker. As can be seen in the Figure 13 highest tempera-
ture of the was recorded as 97.5°C at 14:00 hr, and the tem-
peratures at the collector inlet, collector outlet, and cooking 
utensils were recorded as 92.4°C, 99.4°C, and 96°C respec-
tively at the same time. These temperatures were observed 
as the highest temperatures of the above test performed. 
This test gave highest performance of solar cooker due to 
the better heat transfer catachrestic of the selected HTF in 
this test. Maximum temperature of the selected points was 
observed at the 14:00 PM due to highest solar irradiance in 
India. During the day, the sun was the strongest at 839 W/
m2, and the temperature ranged from 18.5°C to 21.8°C. As 
the cooking load 500 ml of water is boiled, with specific 
heat 4.182 kJ/kg°C, its temperature raised from 20.1°C to 

Figure 12. Variation of performance with time with the insulated cooker with SigmaTherm–K.



J Ther Eng, Vol. 10, No. 5, pp. 1335−1346, September, 20241344

86.2°C. The practical application of the solar cooker is to 
cook the food in the areas where abundant sun light is avail-
able such as tropical countries.

CONCLUSION

The presented experimental setup demonstrates the fol-
lowing result:
· It was determined that heat stored by PCM using 

SigmaTherm–K as stored 29.11% more heat than that 
of water.

· The maximum temperature attained by PCM in insu-
lated cooker is 16.5°C higher than that of without insu-
lated cooker using water as the heat transfer fluid.

· The maximum temperature attained by PCM in the 
insulated cooker is 19.3°C higher than without insulated 
cooker using SigmaTherm–K as the heat transfer fluid.

· The temperature attained by water as cooking load 
increased from 22°C to 77°C and from 20.1°C to 86.2°C 
using water and SigmaTherm–K as a heat transfer fluid 
respectively.

· It was concluded that the using SigmaTherm–K with 
PCM solar cooker obtained the best performance 
among other testing conditions.

· The future research is to discuss the detailed exergy 
analysis of the present system.

· This research is beneficial to climate conditions and has 
the reasonable solar cooker efficiency with the selected 
HTF and efficiently utilized the solar energy.

· This research is the limited to the peak load conditions 
only i.e. at the peak solar radiation conditions.

NOMENCLATURE

QPCM Heat stored by PCM (kJ)
mPCM Mass of PCM (Kg)
C Specific heat (kJ/kg°C)
T Temperature (°C)
Tm Melting temperature of PCM (°C)
TPCM, max Max temperature attained by liquid PCM (°C)
Ti Initial temperature of PCM (°C)
L Latent heat of fusion (kJ/kg)
PCM Phase change material
HTF Heat transfer fluid
Tamb Ambient temperature (°C)
ETSC Evacuated tube solar collector
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Figure 13. Variation of performance with time with insulated cooker containing SigmaTherm–K with the cooking load.



J Ther Eng, Vol. 10, No. 5, pp. 1335−1346, September, 2024 1345

ETHICS

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

REFERENCES

 [1] Khan Y, Mishra RS. Parametric (exergy-energy) 
analysis of parabolic trough solar collector-driven 
combined partial heating supercritical CO2 cycle 
and organic Rankine cycle. Energy Sources 2020;1-
27. [CrossRef]

 [2] Khan Y, Raman R, Rashidi MM, Caliskan H, 
Chauhan MK, Chauhan AK. Thermodynamic anal-
ysis and experimental investigation of the water 
spray cooling of photovoltaic solar panels. J Therm 
Anal Calorim 2023;12:5591-5602. [CrossRef]

 [3]  Kaushik SC, Verma A, Tyagi SK. Advances in solar 
absorption cooling systems: An overview. J Therm 
Engineer 2024;10:1044-1067. [CrossRef]

 [4] Sheikholeslami M, Farshad SA, Gerdroodbary MB, 
Alavi AH. Impact of new multiple twisted tapes on 
treatment of solar heat exchanger. Eur Phys J Plus 
2022;137:s13360-021-02157-6. [CrossRef]

 [5] Patel PM, Rathod VP, Patel D. Drying Solanum 
lycopersicum (Tomatoes) in greenhouse solar dryer: 
An eco-environmental study. J Therm Engineer 
2024;10:811-825. [CrossRef]

 [6] Gerdroodbary MB. Application of neural network on 
heat transfer enhancement of magnetohydrodynamic 
nanofluid. Heat Transf 2020;49:197-212. [CrossRef]

 [7] Amaresh M, Shabani B. On the integration of 
phase change materials with evacuated tube solar 
thermal collectors. Renew Sustain Energy Rev 
2020;132:110135. [CrossRef]

 [8]  Olfian H, Ajarostaghi SSM, Ebrahimnataj M, 
Farhadi M, Arıcı M. On the thermal performance of 
evacuated tube solar collector integrated with phase 
change material. Sustain Energy Technol Assess 
2022;53:102437. [CrossRef]

 [9] Yang X, Lin Q, Singh P, Riaz F, Agrawal MK, 
Alsenani TR, et al. Evaluating the proficiency of a 
novel solar evacuated tube collector. Appl Therm 
Engineer 2023;226:12031. [CrossRef]

[10] Kuang R, Du B, Lund PD, Wang J. Improving per-
formance prediction of evacuated tube solar collec-
tor through convolutional neural network method. 
Therm Sci Engineer Prog 2023;39:101717. [CrossRef]

[11] Hussein HMS, El-Ghetany HH, Nada SA. 
Experimental investigation of the novel indirect 
solar cooker with indoor PCM thermal storage and 
cooking unit. Energy Conver Manage 2008;49:2237-
2246. [CrossRef]

[12] Lentswe K, Mawire A, Owusu P. A review of par-
abolic solar cookers with thermal energy storage. 
Heliyon 2021;7:e08226. [CrossRef]

[13] Kumaresan G, Sridhar R, Velraj R. Performance 
studies of a solar parabolic trough collector with a 
thermal energy storage system. Energy 2012;47:395-
402. [CrossRef]

[14] Pandiaraj S, Ayyasamy T, Govindasamy K. Heat 
transfer augmentation using water-in-glass evac-
uated tube coupled with parabolic trough in rack 
dryer in the drying of capsicum frutescens. Int J 
Heat Technol 2020;28:895-902. [CrossRef]

[15] Hebbar G, Hegde S, Sanketh B, L. R. S, Udupa R. 
Design of solar cooker using evacuated tube solar 
collector with phase change material. Mater Today 
Proc 2021;46:2888-2893. [CrossRef]

[16] Palanikumar G, Shanmugan S, Chithambaram 
V, Gorjian S, Pruncu CI, Essa FA, et al. Thermal 
investigation of a solar box-type cooker with nano-
composite phase change materials using flexible 
thermography. Renew Energy 2021;178:260-282. 
[CrossRef]

[17] Coccia G, Aquilantia A, Tomassettia S, Comodi 
G, Di Nicola G. Design, realization, and tests of a 
portable solar box cooker coupled with an eryth-
ritol-based PCM thermal energy storage. Solar 
Energy 2020;201:530-540. [CrossRef]

[18] Vishwakarma A, Sinha S. Box type solar cooker 
with thermal storage: An overview. Energy Sys 
2022;15:1289-1315. [CrossRef]

[19] Lecuona A, Nogueira JI, Ruben V, Rodriguez-
Hidalgo MdC, Legrand M. Solar cooker of the 
portable parabolic type incorporating heat storage 
based on PCM. Appl Energy 2013;111:1136-1146. 
[CrossRef]

[20] Dhiman A, Sachdeva G. Experimental investigation 
of an indirect-type solar cooker for indoor cook-
ing based on a parabolic dish collector. Heat Transf 
2023;52:378-394. [CrossRef]

[21] Uniyal A, Prajapati YK, Suman S. Heat transfer and 
melting characteristics of the phase change material 
inside U-tube based evacuated tube solar collector. J 
Energy Stor 2023;62:106918. [CrossRef]

[22] Sagade AA, Mawire A, Palma-Behnke R. Low-cost 
solar concentrating collector-receiver system as an 
effective enabler for clean cooking and heating in 
urban areas. Solar Energy 2023;263:111813. [CrossRef]

[23] Singh H, Gagandeep, Saini K, Yadav A. Experimental 
comparison of different heat transfer fluid for 
thermal performance of a solar cooker based on 
evacuated tube collector. Environ Dev Sustain 
2015;17:497-511. [CrossRef]

[24] Esen M. Thermal performance of a solar cooker 
integrated vacuum-tube collector with heat pipes 
containing different refrigerants. Solar Energy 
2003;76:751-757. [CrossRef]

[25] Harikrishnan SS, Kotebavi V. Performance study of 
solar heat pipe with different working fluids and fill 
ratios. Mater Sci Engineer 2016;149:1-7. [CrossRef]

https://doi.org/10.1080/15567036.2020.1788676
https://doi.org/10.1007/s10973-023-12119-y
v
https://doi.org/10.1140/epjp/s13360-021-02157-6
https://doi.org/10.14744/thermal.0000833
https://doi.org/10.1002/htj.21606
https://doi.org/10.1016/j.rser.2020.110135
https://doi.org/10.1016/j.seta.2022.102437
https://doi.org/10.1016/j.applthermaleng.2023.120311
https://doi.org/10.1016/j.tsep.2023.101717
https://doi.org/10.1016/j.enconman.2008.01.026
https://doi.org/10.1016/j.heliyon.2021.e08226
https://doi.org/10.1016/j.energy.2012.09.036
https://doi.org/10.18280/ijht.380416
https://doi.org/10.1016/j.matpr.2021.03.629
https://doi.org/10.1016/j.renene.2021.06.022
https://doi.org/10.1016/j.solener.2020.03.031
https://doi.org/10.1007/s12667-022-00512-9
https://doi.org/10.1016/j.apenergy.2013.01.083
https://doi.org/10.1002/htj.22699
https://doi.org/10.1016/j.est.2023.106918
https://doi.org/10.1016/j.solener.2023.111813
https://doi.org/10.1007/s10668-014-9556-3
https://doi.org/10.1016/j.solener.2003.12.009
https://doi.org/10.1088/1757-899X/149/1/012224


J Ther Eng, Vol. 10, No. 5, pp. 1335−1346, September, 20241346

[26] SigmaTHERM. SigmaTHERM - k. Available at: 
https://sigma-therm.com/sigma-k.html. Accessed 
Aug 03, 2023.

[27] Chibani A, Mecheri G, Merouani S, Dehane A. 
Hydrogen charging in AX21 activated carbon-PCM-
metal foam-based industrial-scale reactor: Numerical 
analysis. Int J Hydrogen Energy 2023;48:32025-32038. 
[CrossRef]

[28] Raval P, Ramani B. Heat transfer enhancement tech-
niques using different inserts in absorber tube of 
parabolic trough solar collector: A review. J Therm 
Engineer 2024;10:1068-1091. [CrossRef]

[29] Mousavi SV, Gerdroodbary MB, Sheikholeslami M, 
Ganji DD. The influence of a magnetic field on the 

heat transfer of a magnetic nanofluid in a sinusoidal 
channel. Eur Phys J Plus 2016;131:347. [CrossRef]

[30] Khan Y, Mishra RS. Performance comparison 
of basic and parallel double evaporator Organic 
Rankine Cycle integrated with solar based supercrit-
ical CO2 cycle. J Therm Engineer 2023;9:565-579. 
[CrossRef]

[31] Khan Y, Mishra RS, Raman R, Hashmi AW. 
Parametric evaluation of solar integrated com-
bined partial cooling supercritical CO2 cycle and 
Organic Rankine Cycle using low global warming 
potential fluids. J Therm Engineer 2023;9:1128-
1140. [CrossRef]

https://doi.org/10.1016/j.ijhydene.2023.03.049
https://doi.org/10.14744/thermal.0000847
https://doi.org/10.1140/epjp/i2016-16347-4
https://doi.org/10.18186/thermal.1293026
https://doi.org/10.18186/thermal.1370699

