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Experimental Investigation on Passive 
Direct Methanol Fuel Cell 
with Dissimilar Current Collector 
Materials 

N. V. Raghavaiah and G. Naga Srinivasulu 

Abstract Experimental investigation is carried out on passive direct methanol fuel 
cell, to study with the selected combination of different anode and cathode current 
collectors which have high electrical and thermal conductivity together with corro-
sion resistance compatibility properties. These collectors are fabricated with an 
opening ratio of 45.3% on Stainless Steel Grade-316L, Nickel-201 and brass (70% 
Cu-30% Zn) and experimented at 5 M concentration of methanol solution. Polari-
sation curves and maximum power density curves have been drawn with the exper-
imental results for performance comparison using Ni-SS, Ni-Brass, SS-Ni and SS-
brass anode and cathode combinations of current collectors. Comparative studies for 
maximum power and current densities are investigated and represented on bar charts 
for identifying the better combination of anode and cathode materials. Performance 
of cell is found best with the combination using Nickel-201 as anode and brass as 
cathode. With this combination, the maximum power density developed is 7.157 
mW cm−2, and the maximum current density produced is 65.6 mA cm−2 at 5 M 
concentration. 

Keywords Passive direct methanol fuel cell · Current collector · Corrosion 
resistance material · Electrical conductivity · Thermal conductivity · Nickel ·
Stainless steel · Brass 

Nomenclature 

CC Current collector 
CD Current density 
MEA Membrane electrode assembly 
Ni Nickel 
PD Power density
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PTFE Polytetrafluoroethylene 
pDMFC Passive direct methanol fuel cell 
SS Stainless Steel 

1 Introduction 

With increase in societal demand for electricity every year across the globe, fuel 
cell technology is evolving out as one of the protuberant energy resources among 
the accessible alternative energy resources in place of fossil fuels which are going 
to be lost within next few decades. Fuel cells are similar to conversion devices like 
a battery; it converts the chemical energy of reactants into electricity leaving other 
reaction compounds as by-products [1]. However, fuel cell differs from a battery in 
that as long as the fuel and oxygen are supplied, it produces electric power continu-
ously. Out of the other well-known fuel cells classified based on proton conducting 
membrane electrolyte, polymer exchange electrolyte membrane-based cell working 
with direct liquid feed methanol as fuel and air as an oxidant emerges out as an electric 
power source for the applications [2] of portable electronic appliances like mobile 
phones, laptops, tape recorders, Walkman, toys, computers, cell phones, emergency 
lights, including material handling equipment like forklifts, cargo loaders, etc., and 
also for space application systems [3]. As a fuel, liquid methanol is relatively inex-
pensive and easily available and has more specific energy density, quick refuelling 
and good transportation and better storage facility. Further, fuel cell characteristics 
are ultimately affected by significant aspects such as choice and make use of suitable 
materials and its novel designing. These fuel cells facilitate to operate at low temper-
atures and pressures without additional liquid electrolyte requirement [4]. pDMFC 
can also be operated at ambient pressure and temperatures conditions. It has other 
advantages like clean by-products, extremely no/low emission of oxides of nitrogen 
and sulphur, operates quietly, not having any moving parts and extra fuel processing to 
meet demand requirement and high energy. Compact cell design of pDMFC makes 
it easy to handle. Schematic representation of passive direct methanol fuel cell is 
represented in Fig. 1.

To have better reaction kinetics, pDMFC makes use of ruthenium and platinum 
as catalyst on the anodic side of the membrane to break the chemical bonds in the 
methane water solution to form carbon dioxide, hydrogen ions (protons) and free 
electrons as shown in Eq. (1). In the cell, the liberated electrons flow from the anodic 
side of the cell through an external circuit to the cathodic side, and the protons are 
transported through the proton conducting electrolyte membrane. At the cathode, the 
electrons and hydrogen ions react with oxidant to form water as shown in Eq. (2). 
The liberated heat of reaction is mostly released to surroundings through cathode 
side current collector. Overall chemical reaction of the cell is shown in Eq. (3). 

Anode End Reaction:
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Fig. 1 Schematic 
representation of passive 
direct methanol fuel cell

CH3OH + H2O → Pt /Ru CO2 + 6H+ + 6e− (1) 

Cathode End Reaction: 

3 

2 
O2 + 6H+ + 6e− → Pt 3H2O (2)  

Overall Fuel Cell Reaction: 

CH3OH + 
3 

2 
O2 → CO2 + 2H2O (3)  

2 Literature Survey 

Passive direct methanol fuel cell is getting importance across the globe as an elec-
trical power source due to high-energy density of fuel. Among the fuel cell compo-
nents, current collector material properties and their compatibility in water–methanol 
solution are influencing cell durability, performance and effectiveness. 

Braz et al. [5] has studied the optimization process of passive direct methanol 
fuel cell with various current collector materials. It is indicated that to ascertain 
DMFC commercially, an optimum balance between its price, competence and dura-
bility should be achieved. Current collectors are accountable for about 70–80% of 
the system weight, and different current collector materials were tested to balance 
price and weight reduction. Performance of the fuel cell and its duration were iden-
tified using polarisation measurements. A serious novelty of this study is the use of 
an innovative identification and quantification of performance. The utmost power 
density of 5.23 mW cm−2 was achieved using Titanium as anode current collector 
and Stainless Steel as cathode current collector at a methanol concentration of 7 M.
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The durability tests showed a lifetime about 200 h and a reduction in efficiency of 
fuel cell by 41% from original value. 

Tabbi et al. [6], in their investigation, identified that the automobile industry is 
encouraging the use of metals as current collector plates as metals having small 
thickness and weight as well as good conductivity both thermally and electrically. 
Using stainless steel would reduce the cost, but non-coated SS from investigation 
still has some challenge with surface-insulating layer of chromium oxide (Cr2O3). 

Seema et al. [7] has made comprehensive review on recent material development 
of passive direct methanol fuel cell and emphasis on the performance activity, cost, 
durability and stability aspects. Each component with their material development 
along with basic desirable characteristics is reported in this paper. This paper has 
also reviewed all possible materials of passive DMFC component, which might make 
the passive DMFC compact and feasible energy source in future. 

Mallick et al. [8] in their study on critical review of current collectors for passive 
direct methanol fuel cells has emphasis on the important aspects such as profile of 
the current collectors including materials of construction of the current collectors. A 
number of current collectors of passive DMFC have been selected and reviewed thor-
oughly. However, very less research works have been found concerning to decrease 
in the weight of the current collectors as the current collector majorly contributes 
on the total weight of pDMFC and affects the gravimetric energy density of the fuel 
cell. 

3 Objective 

After going through the literature study, it is inferred that the materials of the current 
collectors influence the performance of the pDMFC. Required properties of the 
current collector materials are high electrical conductivity at operating zone, thermal 
conductivity to optimise and to maintain the thermal stability of cell during operation 
and high corrosion resistance having compatibility in dilute methanol environment. 
After considering the desirable properties of the bipolar plates, this experimental 
study has been taken up to identify the better current collector materials combination 
among Nickel-201, brass and SS-316L current collectors in anode–cathode ends. 

4 Problem Description 

Current collectors of passive direct methanol fuel cell play as a key component, and 
the performance of the fuel cell depends on its material of construction, dimensions 
and novel design with shape factors. The weight of the current collectors contributes 
almost 3/4 of the total weight of the cell [9]. Hence, the gravitational power density 
is significantly affected by the selection of current collector materials and its design 
aspects.
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The required characteristics of materials [10] of the current collectors in pDMFC 
are as follows: 

1. Good electrical conductivity or very low electrical resistivity at operating zone 
of the direct liquid feed methanol cell [11]. 

2. High thermal conductivity to optimise and to maintain the thermal stability of 
cell during operation [12]. 

3. Desirable mechanical properties like high tensile strength and flexural rigidity 
of materials [13]. 

4. Better fabrication and machinability processes of materials [14]. 
5. Corrosion resistance in methanol environment at various concentrations and 

wide range of operating temperatures [15]. 
6. Longer durability and life [16]. 
7. Low density of materials [17]. 
8. Easily available at cheaper cost [18]. 
9. Less contact resistance with the diffusion layers [19]. 
10. Even distributing and transport area of reactants [20]. 

The functions of the anode and cathode side current collectors are relatively 
different; however, they have some of the common aspects like uniform spreading 
of chemical reactants, maintaining cell structure support, disposal of reaction by 
products and providing the electrical connectivity with adjacent cells in case of 
stacking of cells. At the anode, current collector allows the passage of transporting 
methanol solution and carbon dioxide. Further it collects the electric current from 
MEA, whereas the cathodic end current collector provides transportation of water, 
collects the current from cathodic end diffusion layer and receives the oxidant from 
ambient air. 

Details of the materials compositions are given in Table 1 [21], and properties of 
the materials are provided in Table 2.

5 Experimental Set-Up 

To evaluate performance of passive DMFC with the combination of Nickel-201, 
brass and SS-316L current collectors, a single direct methanol fuel cell fixture is 
selected. For carrying out this experimental testing, different anode and cathode 
current collector materials, fabricated with 2.00 (± 0.02) mm thickness sheets, are 
used. The circular openings of 100 numbers, in 10 by 10 matrix pattern, are made 
using 3.8-mm diameter drill. Fabrication drawing detail of the current collector is 
shown in Fig. 2.

Nafion-117 solid electrolyte is used as permeable membrane in membrane elec-
trode assembly. The anode catalyst layer (ACL) is made up of Pt-Ru (1:1)/C with 
a catalyst loading of 4 mgcm−2, and on cathode catalyst layer (CCL), it is made 
up of Pt/C with a catalyst loading of 2 mg cm−2. To prevent methanol solution and 
oxidant leakages, PTFE sealing gaskets are provided in between current collectors
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Table 1 Material composition 

Composition, Element Material (% by weight) 

Stainless steel-316L Nickel-201 Brass 

Carbon, C 0.03 max 0.02 max – 

Manganese, Mn 2.0 max 0.35 max – 

Silicon, Si 0.75 max 0.35 max – 

Phosphorus, P 0.045 max – – 

Sulphur, S 0.03 max 0.01 max – 

Chromium, Cr 16–18 – – 

Nickel, Ni 10–14 99.00 min ~ 0.05  

Copper, Cu – 0.25 max 65–70 

Zinc, Zn – – 35–30 

Nitrogen, N 0.1 max – – 

Iron, Fe Balance 0.40 max ~ 0.4  

Table 2 Properties of materials 

Material of 
construction 

Maximum corrosion rate 
in pure methanol, 
(mm/year) 

Density of material, 
(kg/m3) 

Electrical resistivity of 
material at 20OC, 
(X10−7 Ωm) 

SS-316L 0.5 7900 7.4 

Ni-201 0.05 8890 0.68 

Brass 1.25 8500 0.62

and MEA components of the cell. The fabricated active area of the cell is 5.0 cm × 
5.0 cm. Methanol solution with 5 M concentration has been prepared to use in this 
experiment. The required clamping of the cell assembly is made using M8 fasteners, 
and uniform tightening of the bolts is ensured using a torque wrench which is pre-set 
at 5Nm value. The experimental set-up of the DMFC is shown in Fig. 3.

6 Experimental Methodology 

To evaluate performance of passive DMFC with the combination of Nickel-201, brass 
and SS-316L current collectors, four set-ups of anode and cathode combinations as 
referred in Table 3 with single direct methanol fuel cell fixture are chosen. As brass 
is getting reacted with dilute methanol with the formation of metal methoxides, the 
use of brass as current collector material in anode side is not considered. As Ni and 
SS material are performed better at 5 M, experiments have been carried out at this 
concentration of methanol solution.
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Fig. 2 Fabrication drawing 
detail of current collector

Fig. 3 Experimental set-up 
of passive DMFC

Table 3 Experimental set-up Set-up Anode Cathode 

I Nickel-201 Stainless steel, Gr 316L 

II Nickel-201 Brass (70/30) 

III Stainless steel, Gr 316L Nickel-201 

IV Stainless steel, Gr 316L Brass (70/30)
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While performing the experiment, the first set of voltage and current readings 
has been taken by varying current characteristic conditions using Nickel-201/SS-
316L (set-up-I) materials as current collectors at 5 M methanol concentration. This 
experiment further repeated with the other mentioned set-up-II, Nickel-brass; set-
III Stainless Steel-Nickel and with set-up-IV Stainless Steel-brass current collec-
tors, and corresponding voltage and current characteristics have been noted. Total 
experiment has been repeated thrice at this 5 M concentration methanol solution to 
get repeatability and consistency in the readings. Mean value of the three readings 
of observations corresponding to current–voltage is taken for analysis of the cell 
characteristics. 

7 Experimental Results and Analysis 

7.1 Polarisation and Power Density Characteristics 

In the experimental set-up-I, Nickel-201 material as anode and SS316L as cathode 
current collector have been used. Cell is tested with 5 M methanol solution concen-
tration at ambient conditions. In this experiment, the highest power density recorded 
is 6.720 mW cm−2 at current density of 32.0 mA cm−2. During testing, the maximum 
current density that recorded is 62.4 mA cm−2 at 5 M methanol concentration. 

In the experimental set-up-II, Nickel-201 material as anode and brass as cathode 
current collector have been used. Cell is tested with 5 M methanol solution concentra-
tion at ambient conditions. In this experiment, the maximum power density recorded 
is 7.157 mW cm−2 at a current density of 33.6 mA cm−2. During testing, the 
maximum current density recorded is 65.6 mA cm−2 at 5 M methanol concentration. 

In the experimental set-up-III, SS316L material as anode and Nickel-201 as 
cathode current collector have been used. Cell is tested with 5 M methanol solu-
tion concentration under ambient conditions. In this experiment, the peak power 
density recorded is 4.704 mW cm−2 at a current density of 24.0 mA cm−2. During  
testing at the same 5 M methanol concentration, the largest current density recorded 
is 46.4 mA cm−2. 

In the experimental set-up-IV, SS316L material as anode and brass as cathode 
current collector have been used. Cell is tested with 5 M methanol solution concen-
tration in ambient conditions. In this experiment, the highest power density recorded 
is 3.397 mWcm−2 at a current density of 17.6 mA cm−2. During testing, the maximum 
current density recorded is 34.4 mA cm−2 at 5 M methanol concentration. 

Polarisation curves (voltage–current density characteristics) of the four set-ups of 
pDMFC configuration are plotted as shown in Fig. 4. Initially when current density 
is zero, the cell generated voltage is maximum (open circuit voltage), and as the 
current density increases, the cell voltage decreases to zero. From Fig. 4, Nickel-
brass combination as anode and cathode is performing better with the highest current 
density as revealed in polarisation characteristics.
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Fig. 4 Voltage–current 
density characteristics 

Power density curves (power density versus current density characteristics) of 
these four set-ups of pDMFC configuration are plotted as shown in Fig. 5. Power  
density of the cell increases from zero to a maximum value, and further, it decreases 
to zero with increase in the current density. Nickel-brass combination as anode and 
cathode is performing better with maximum power density as revealed from the 
drawn characteristics. 

The combined voltage and power density superimposed characteristics against 
the current density are plotted as shown in Fig. 6.

Fig. 5 Power density 
characteristics 
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Fig. 6 Voltage and power 
density superimposed curves 

7.2 Comparison of Maximum Power Density and Maximum 
Current Density 

Results of the four set-ups with current collectors against current density and power 
density are taken for analysis. Bar charts of current collectors’ combinations as 
anode–cathode materials versus maximum power density produced (refer to Fig. 7) 
and current density (ref to Fig. 8) are drawn. Anode–cathode combination of Nickel-
brass showed better current density and power density among these four set-ups, and 
SS-brass combination showed the least performance. Better performance of Nickel 
is due to higher conductivity and higher resistance to methanol solution, whereas 
brass has superior conductivity but lack of compatibility with methanol solution. 
For short-term applications, Ni-brass combination is satisfactory, but for long-term 
applications, Ni-SS is better, as Nickel and SS materials have better compatibility in 
methanol environment compared to brass.

8 Conclusions 

In the commercialisation process of the passive direct methanol fuel cell (pDMFC), 
market demands for efficient systems with optimisation of components performance 
with respect to durability and effectiveness. The desirable qualities of the current 
collector materials are excellent electrical conductivity and high thermal conduc-
tivity to optimise and to maintain the thermal stability of cell during operation 
and high corrosion resistance with compatibility in dilute methanol environment. 
These aspects are experimentally investigated with the combination of anode and 
cathode current collectors, fabricated with an opening ratio of 45.3% with combi-
nation set-ups, set-up-I, Nickel-Stainless steel; set-up-II, Nickel-brass; set-up-III
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Fig. 7 Maximum power 
density versus 
anode–cathode materials 

Fig. 8 Maximum current 
density versus 
anode–cathode materials

Stainless Steel-Nickel and with set-up-IV Stainless Steel-brass materials. The anode– 
cathode combination of set-up-II, Nickel-brass showed the best current density (46.4 
mA cm−2) and power density (7.157 mW cm−2), and set-up-IV, SS-brass combina-
tion showed the least performance with current density (34.4 mA cm−2) and power 
density (3.397 mW cm−2). Superior performance of Nickel is due to good electrical 
conductivity and better corrosion resistance to dilute methanol solution, whereas 
brass has the best electrical conductivity among the selected materials but suffers lack 
of compatibility with methanol solution. For short-term durations, Ni-brass combi-
nation performance is found satisfactory, but for long-term applications Ni/SS-316L 
is better as these materials have excellent compatibility and corrosion resistance in 
methanol environment compared to brass. In future investigations, materials that are
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suitable in dilute methanol environment either bare or with electrical conducting 
coatings may be used with combination of current collectors. 
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Performance Comparison of Different 
Geometries of Thermal Energy Storage 
Unit for Solar Cooker 

B. C. Anilkumar, Ranjith Maniyeri, and S. Anish 

Abstract Many researchers have been interested in solar energy as an unlimited 
energy resource over the last few decades due to its vast range of applications, 
including household cooking. The present work aims to design, optimize, fabricate, 
and test different geometries of thermal energy storage (TES) units for solar cooker 
(SC) using paraffin wax as the phase change material (PCM). The optimum amount of 
PCM necessary for different geometries (cylindrical, square, and hexagonal) of TES 
units surrounding the cooking vessel is computed using a computational approach. 
The TES units developed in this study have the provisions for filling the PCM on 
all sides, including the lid, enhancing the heat transfer to the cooking load. The 
performance comparison of different TES units is carried by conducting the indoor 
test. The experimental findings show that after 6 h, all geometries of TES units 
maintain the temperature of the cooking load at the melting point of PCM. However, 
cylindrical-shaped TES unit performs best in comparison with hexagonal and square. 
A cylindrical box solar cooker performance test is also carried out with an optimized 
cooking vessel surrounded by the PCM-filled TES unit and lid. 

Keywords Cylindrical box solar cooker · Thermal energy storage unit · Phase 
change material · Cooking pot 

Nomenclature 

Tmp Melting temperature of PCM 
Mpcm Mass of PCM 
U Overall heat transfer coefficient
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Greek Symbol 

λ Latent heat of fusion of PCM 

1 Introduction 

Renewable energy systems, particularly solar cookers (SCs), are viable for meeting 
global cooking needs. SC converts the insolation into useful thermal energy for 
cooking. Solar energy has become more prominent in the present worldwide debate 
on energy and the environment. Today, growing awareness for the benefits of renew-
able energy and increasing prices of fossil fuels drive the SC market. Many modifi-
cations were made to SCs over the last four to five decades across the world [4, 5]. In 
a recent study, we examined the effects of various box shapes on solar cooker perfor-
mance by using numerical analysis, including rectangular, trapezoidal, cylindrical, 
and frustums of cones [3]. 

The evening or night cooking is possible with the provision of the heat storage 
facility in SCs. Thermal energy can be stored in the SC as sensible or latent heat. 
Generally used sensible heat storage materials (SHSMs) in SCs are sand [13], engine 
oil [10], and carbon [15]. In our recent study [1], we experimentally investigated the 
effects of the optimum mixture of SHSMs such as sand, iron grits, brick powder, and 
charcoal on the performance of solar box cooker (SBC). In the latent heat storage 
(LHS) units, energy stored during a phase change is used for cooking. Generally, 
phase change materials (PCMs) are used to store heat energy in the latent form. The 
cooking pot incorporated with the LHS system contains two concentric cylindrical 
vessels made of aluminium or steel with an annular cavity filled with PCM (Fig. 1). 
The PCMs contained in the cooking vessel are heated and solidified by the SBC or 
concentrated/indirect SCs. Recently, several review papers [12, 17] are reported on 
the developments of SCs incorporated with PCMs. Nkhonjera et al. [11] reviewed the  
heat storage units, materials, and performance of SCs included with thermal energy 
storage (TES) units. They recommended that the shape and heat transfer properties 
of TES units need be optimized.

In general, the TES units surrounding the cooking vessel were filled with PCM 
along the lateral side [6–9, 16, 18]. In the present work, we aim to introduce a new 
design of the TES unit that includes the facility for filling the PCM at the bottom part 
of the cooking pot and on the lid. This will enhance the cooking performance as heat 
is transferred to the load through all sides of the pot. Therefore, the primary objec-
tive of this research is to design and develop the TES units of different geometries 
incorporated with the cooking pot. The present study also compares the cylindrical, 
square, and hexagonal geometry of TES units by conducting the indoor test. Another 
goal of this research is to conduct outdoor tests to evaluate the performance of the 
improved TES unit with the cylindrical box solar cooker (CBSC). The optimum
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Fig. 1 Schematic of TES units for solar cooker a Buddhi et al. [7] b Sharma et al. [16] c Vigneswaran 
et al. [18] d Photo of TES unit [8]

mass of PCM and dimensions for the different geometries of TES units are found 
following our recently developed computational procedure [2]. 

2 Methodology 

Latent Heat Storage Medium: Paraffin wax can reach a wide range of temperatures, 
thus making it a useful heat storage material in several applications. Paraffin wax 
is considered as good heat storage material because of its fast-charging properties 
and high latent heat of fusion. Furthermore, they are non-corrosive, compatible with 
many materials, chemically stable, non-toxic, and do not segregate. In general, the 
paraffin wax used as PCM is of technical grade. This grade of paraffin wax is also cost 
effective, feasible, and widely used. However, they also present some disadvantages, 
such as low thermal conductivity, more significant volume changes between the solid 
and liquid phases, and the possibility of flammability. 

The solid–liquid phase transition temperature should be around 100 °C or higher 
for practical cooking. Paraffin wax is available in different fusion temperatures. The 
melting temperature and latent heat of fusion of paraffin wax tested in SCs by Saxena 
et al. [14], Yuksel et al. [19], and Lecuona et al. [8] are, respectively, 41–44 °C, 58– 
60 °C, 100 °C and 250 kJ/kg, 189 kJ/kg, and 140 kJ/kg. Paraffin wax shows a decrease
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Table 1 Thermo-physical parameters of commercial-grade paraffin wax 

Properties 

Melting temperature (oC) 55–60 

Latent heat of fusion (kJ/kg) 220 

Density (kg/m3) Solid 818 

Liquid 760 

Specific heat (kJ/kg oC) Solid 2.95 

Liquid 2.51 

Thermal conductivity (W/moC) Liquid 0.22 

in latent heat of fusion with increasing melting temperature. In the present work, we 
used paraffin wax with fusion temperature of 55–60 °C and latent heat of 220 kJ/kg. 

Design of TES Unit: The TES units of cylindrical, hexagonal, and square geometries 
are designed using the previously developed computational procedure [Anilkumar 
et al. 2021]. The dimension of the TES container depends on the properties of the 
heat storage material to be used, and the time for the evening or night cooking is 
required. The thermo-physical parameters of commercial-grade paraffin wax, which 
is employed as the PCM for heat storage in all geometries, are given in Table 1. 
For maintaining the temperature of the cooking vessel at PCM’s melting point for a 
specific duration of time, latent heat rejected by the PCM and energy loss from the 
container should be equal. This is expressed by the equation [13] 

Mpcmλ = U(
Tmp − Ta

)
t (1) 

The procedure to be followed in the design of TES unit is as follows: [3] 
Step 1: Initially guess the temperatures of PCM, the inner and outer surface of 

the TES unit, and ambient air. 
Step 2: Compute air and PCM’s thermal properties (Pr, k, and υ) at the  

corresponding mean temperature. 
Step 3: Calculate the Nusselt number and convective heat transfer coefficient at 

the inner and outer surface of the TES unit using analytical correlations. 
Step 4: Guess the dimension of the TES unit of each geometry. 
Step 5: Compute U-value for each geometry of the heat storage container. 
Step 6: Compute the mass of PCM required using Eq. (1). 
Step 7: Update the dimension of the TES unit. 
Step 8: Compare the updated and previous dimension value and repeat the step 5 

to 7 until it converges. 
Step 9: Update the temperature at the inner and outer surfaces of the TES unit. 
Step 10: Compare the updated and previous temperature values and repeat the 

step 2 to 9 until it converges. 
The mass of paraffin wax required and dimensions of heat storage containers of 

different geometries surrounding the cooking vessel of diameter 16 cm and height
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Table 2 Dimensions of different geometries of TES units and required mass of PCM 

Geometry Dimension of TES container 
(cm) 

Mass of PCM (kg) 

Lateral side Bottom side + Lid Total 

Cylindrical 18.7 1.01 0.416 1.426 

Hexagonal 10.7 1.32 0.452 1.772 

Square 17.5 1.44 0.464 1.904 

18 cm are given in Table 2 The optimum mass of PCM required for 6 h is found to be 
maximum for square followed by hexagonal and minimum for the cylindrical geom-
etry. Therefore, a cylindrical-shaped TES unit is considered the optimum geometry 
as it uses the minimum mass of PCM for maintaining a constant temperature for a 
specific duration of time. 

Fabrication of TES Unit: The TES units of cylindrical, hexagonal, and square 
geometries (Fig. 2) are fabricated using a stainless steel sheet of 1 mm thickness. 
The sheet is cut into the required shapes and dimensions by using the automatic 
CNC machine. Bending and rolling works are carried out using hydraulic press 
brake bending and rolling machines, respectively. Then the parts are joined by 
spot/resistance welding at different locations to form the required geometry. After-
wards, the joints are entirely welded by the tungsten inert gas (TIG) welding process. 
Finally, the grinding process is carried out for the smooth and consistent appearance 
of the welded parts. Two holes are drilled on the vertical surface of the container 
facing in the opposite direction for inserting PCM into the cavity. The PCM can 
be filled in the annular cavity between the inner pot and outer TES container on the 
lateral side and at the bottom. The lid for all the geometries of TES units is fabricated 
with provisions for filling the PCM. For this, two holes are provided at the top of the 
lid in opposite directions.

The designed quantity of PCM should be filled into the TES unit to expand and 
solidify completely in each cycle. The TES unit is first kept vertically and partially 
placed in hot water during PCM filling. PCM is filled through one of the provisions 
at the top. At the same time, the other provision on the opposite side was kept open 
for the escape of air during filling. After filling at the hole level, one of them is 
closed, and the container is kept in a horizontal position. Then the PCM is filled, and 
another provision is also closed. The lid is also filled with PCM by following the 
same procedure. During the complete filling procedure, PCM is maintained in the 
liquid state by keeping the TES unit in a hot water bath. 

Performance Test: The performance comparison of different geometries of TES 
units is carried by conducting indoor and outdoor experiments. The indoor test is 
performed to validate the computational approach used to design the TES containers 
of all geometries, whereas the outdoor experiment is performed by testing the 
optimized TES container charged with CBSC. 

Indoor test. The experimental set-up for the indoor test is shown in Fig. 3. The  
temperature of cooking pot surfaces and water is measured by using the K-type
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Fig. 2 Cooking pot with TES unit and lid of different geometry a cylindrical, b hexagonal, and c 
square

thermocouple and an indicator. The container is tested with water for the performance 
study. Initially, water is heated up to 100 °C and is poured into the vessel fully. Again, 
water in the vessel is replaced with newly boiled water. Before changing the water, the 
temperature of the previous water in the container is measured. Also, the temperatures 
of all the surfaces of the vessel are measured. This process is continued until all the 
surface temperature reaches the melting temperature of PCM and remains constant 
after that. This ensures that all PCMs in the container are melted. After PCM gets 
melted fully, water in the vessel is made empty, and again water at a temperature 
above the melting point of PCM is filled in the vessel and the lid is closed. The 
temperature at each surface of the vessel is measured in equal intervals of time. 
After six hours, the water temperature in the pot is measured and compared with the 
expected value.

Outdoor test. The performance test of the TES unit with optimum geometry is 
conducted by charging with CSBC (Fig. 4). The CSBC used in the present work 
consists of a mild steel cylindrical box with external and internal diameters 53 cm 
and 43 cm, respectively, and height 30 cm. A double glazed cover is provided at 
the top of the cooker to form the greenhouse effect, allowing solar radiation to pass 
into the cavity but preventing it from escaping. Since the glazing is opaque to longer 
wavelength radiation such as infrared waves emitted by the absorber plate, heat 
radiation will be trapped inside the cooker. The annular gap between the outer and 
inner cylinders is insulated with 5-cm-thick glass wool to reduce heat loss to the 
environment. The circular absorber plate made up of aluminium having a diameter


