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This research systematically evaluates
a biomass combustion furnace, focusing on
the influence of varying combustion cham-
ber casing materials. The study employs con-
trolled laboratory experiments to investigate
the impact of different casing materials on
combustion performance, thermal efficien-
¢y, and practical applications such as water
boiling capacity. The research uses distinct
materials, including clay, steel, and alumi-
num, for combustion chamber casings while
maintaining consistent dimensions. The cen-
tral experimental apparatus, an aluminum
stove, was meticulously crafted, adhering
to precise measurements. Coconut shell bri-
quettes served as the primary fuel source
for this investigation. The results reveal
intriguing dynamics in combustion behavior.
Notably, the choice of combustion chamber
casing material significantly affects fire tem-
perature, sleeve wall temperature, thermal
efficiency, and the ability to boil water. Clay
emerges as a standout performer, achiev-
ing high thermal efficiency (56.8 %), sub-
stantial water boiling capacity (25 liters),
and efficient fuel consumption (1.28kg of
burnt briquettes). However, steel casing ma-
terials excel in generating the highest fire
temperatures (up to 557 °C), underscoring
their exceptional heat-conducting properties.
Aluminum has fast temperature responses but
may not retain heat like clay. The findings
help optimize biomass combustion furnaces
and associated applications. Material selec-
tion is crucial to attaining combustion goals
like efficiency, temperature generation, or
practical heat. These discoveries could lead
to more efficient and ecologically friendly
biomass combustion systems for sustainable
energy and resource use

Keywords: coconut shell briquettes, cylin-
drical shapes, household briquette stoves, ther-
mal characteristics
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1. Introduction

The world’s reliance on fossil fuels, particularly petro-
leum-based fuel oils, has highlighted decreasing stocks.
Despite ongoing investigation, these limited deposits have
decreased over time, making replenishment difficult. Para-
doxically, petroleum reserves depletion corresponded with
a considerable increase in fuel oil prices, contrary to original
projections. This shows the fragility of energy dependence.
Depleting fuel resources makes biomass a possible answer. Bio-
mass from wood, agricultural wastes, and organic waste might
solve the home energy dilemma. This resource is vital since it is
renewable and can be used locally, giving communities energy
sovereignty [1]. Communities may escape fuel oil depletion
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and rising costs by using biomass as an alternate energy source.
This shift might provide a reliable and long-term option for ad-
dressing daily energy needs, including cooking. Compared to
fossil fuels, biomass burning reduces greenhouse gas emissions,
making it an environmental priority.

Biomass is a valuable source of organic material that is
produced through the process of photosynthesis. It includes
both useful products and waste materials. The research in
question centers around a specific biomass source: the residue
obtained from the plantation sector. The study focuses on
using coconut shells, a byproduct of the coconut industry,
as a potential candidate for biomass. The research focuses
on transforming coconut shells into charcoal briquettes,
highlighting their multifaceted benefits. The conversion




described in this text is highly innovative and has multiple
uses. It not only repurposes waste material but also has the
potential to reduce harmful emissions, address deforestation,
and increase energy resources [1].

Coconut shell investigations reveal a fascinating picture.
Coconut shell-derived briquettes have a 71.7 % efficiency grade
and a 4996 cal/g calorific value [2]. Coconut shells and rice
husks mixed 50:50 have a calorific value of 4966 Kcal /kg [3].
Coconut shells surpass rice husks at 17 M]J/kg vs. 10.01 [4].
Snake fruit with coconut shells at 40:60 creates a 6062 cal/g
combustion-calorific value [5]. Coconut shells provide
4667 keal /kg [6]. This study concludes with a calorific value
of 4580.5 Kcal/kg. The 20 %:80 %:0 % blend of straw, coco-
nut shell, and rice husk achieve this peak [6]. This astonish-
ing achievement shows that biomass components may work
synergistically.

An efficient direct combustion furnace is the key to un-
locking the briquettes’ potential energy and converting it into
usable heat for cooking. However, briquette furnaces still have
an opportunity for development in terms of thermal efficiency.
As a result, there is an urgent requirement to improve the
architecture of the combustion chamber to increase efficiency.
Several research projects have attempted to solve this problem
by updating the conventional biomass stove. Previous studies
have notably advanced this quest for efficiency enhance-
ment [7]. These efforts have improved the combustion cham-
ber of briquette stoves, especially steel models. This change
produced a noticeable performance gain, with an increased
efficiency of 52.14 percent being the new standard.

Exploring materials in cylinder-shaped biomass burners
yielded intriguing findings [7]. Clay, steel, and aluminum
combined with a 180 mm sleeve to provide a thermal effi-
ciency peak. Clay stoves dominated this constellation with
73.66 % thermal efficiency. Following clay stove experiments
with a redesigned 180 mm diameter sleeve, heat efficiency
was still 52.87 % [8]. Another effective modification of clay
stove combustion chambers with a 90 mm diameter sleeve
yielded 70.73 % thermal efficiency [9]. Interestingly, minor
improvements like secondary air duct adjustments can boost
efficiency by 68 % [9]. A novel insulin cylinder integrated in-
side the stove’s combustion chamber achieved 57.2 % thermal
efficiency [10]. With a broader view, exergy and energy as-
sessments revealed the consequences of extensive combustion
chamber alterations on four stove models. The Envirofit stove
type led this evaluation with 23.50 % thermal efficiency [11].

Experiments using a wide variety of materials for the
combustion chamber casing are now being carried out as part
of many research projects to evaluate the efficiency of a bio-
mass combustion furnace. The ultimate goal here is to obtain
the highest possible level of thermal efficiency. In addition, it
is essential to note that clay has been used as the material for
the stoves in the majority of the research that has been done.
There is still an obvious need for more investigation into the
modification of the form of the briquette stove utilizing ma-
terials such as clay, steel, and aluminum. Therefore, research
devoted to developing sleeve stove materials for analysis of
briquette stove performance is relevant.

2. Literature review and problem statement

The biomass stove can increase the barrel’s temperature,
which is necessary for the production of briquettes. The fur-
nace generates barrel die heat rather than relying on electric

heating. The test results indicate the performance of the 6-kW
electric heater in this study when it was replaced. The rice husk
briquette machine requires approximately 76 kg of rice husk
briquettes and consumes around 80 kWh of electricity to pro-
duce one ton of rice husk briquettes. The user suggests modi-
fying the Updraft gasifier stove by implementing top lighting
and combining eucalyptus briquettes, sawdust, bamboo, and
cow dung as fuel sources. The combustion test results indicated
that the gasifier stove achieved a maximum efficiency of 32.3 %
when using eucalyptus charcoal briquettes [12, 13]. The per-
formance of cooking stoves can be enhanced by using sawdust
as an insulating material, specifically with a layer thickness of
less than 6 cm. The combustion test results indicate a thermal
efficiency of 32.25 %, suggesting potential reductions in fuel
consumption and pollutant emissions [14].

The paper [15] explores the concept of a dual-purpose
improved cookstove designed to cater to the needs of low-in-
come communities in Ghana. The study aims to address both
efficient cooking methods and the production of biochar,
a byproduct with potential agricultural and environmental
benefits. The study mentions benefits like reduced cooking
time, increased energy efficiency, and biochar production.
However, the paper lacks robust quantitative data to sub-
stantiate these claims. While biochar production is high-
lighted as a significant aspect, the report does not delve deep-
ly into the potential uses and benefits of biochar. Connecting
the dots between biochar production and its application in
agriculture and its potential contribution to carbon seques-
tration would enrich the paper’s relevance and impact.

The research [16] explores the viability of using pyrolysis
biomass char in blast furnace injection and tuyere simulation
combustion. The study delves into the potential of biomass
char as a sustainable alternative fuel source in industrial
processes. The paper presents experimental data on the com-
bustion characteristics of biomass char, including ignition
temperature, combustion rate, and thermal behavior. The ar-
ticle lacks a comprehensive introduction that contextualizes
the significance of blast furnace injection and the challenges
associated with traditional fuels. While the study presents
simulation results and experimental data, the discussion sec-
tion could provide a more in-depth analysis of these findings.

The article [17] assesses the performance of an improved
biomass cook stove against traditional stoves in Iran. The
study highlights the potential benefits of transitioning to
improved stove technology. The paper directly compares the
improved biomass cook stove and traditional stoves, allowing
for a clear understanding of the differences in efficiency, fuel
consumption, and emissions. The paper lacks an in-depth
description of the technical specifications and design features
of the improved biomass cook stove and traditional stoves.
This omission limits the readers’ understanding of the stoves’
actual configurations and how they contribute to their re-
spective performances.

The study [18] aims to enhance the efficiency of waste
briquetting processes. The study focuses on optimizing equip-
ment and technology to improve the conversion of waste
materials into briquettes. The study’s focus on optimizing
equipment and technology for waste briquetting has practical
implications for industries and waste management systems,
potentially leading to more effective and eco-friendly waste
conversion practices. The paper lacks sufficient technical
details regarding the equipment, techniques, and technologies
used for waste briquetting. The methodology section is brief
and lacks comprehensive explanations of the experimental




setups, data collection procedures, and analytical methods.
This reduces the transparency and replicability of the study.

In another study, a wood stove underwent modifications
by incorporating a catalytic combustion chamber, utilizing
materials like coconut shell charcoal briquettes, sawdust, and
bagasse [19]. The findings from combustion tests revealed
that the wood stove achieved its highest thermal efficiency of
63.63 % with coconut shell charcoal briquettes, followed by
61.62 % with sawdust briquettes, and a comparatively lower
53.85 % with sugarcane bagasse. A separate comparison was
conducted involving gasifier stove tests and modified house-
hold stoves, performed in triplicate [20]. The results unveiled
a trend of lower thermal efficiency in the gasifier stove, at
a mere 22.1 %. However, this household stove demonstrated
a twofold reduction in emissions compared to the gasifier
stove. Furthermore, an innovative approach involved the
development of a biomass stove powered by refractory bricks
and clay, utilizing rice husk briquettes. This stove harnessed
the heat generated from the briquettes as a substitute for
electric heating [21].

Previous studies have examined different facets in this
field, such as improving the efficiency of briquette printing
by utilizing the heat from biomass stoves, optimizing stove
designs to reduce harmful emissions, modifying the insulation
properties of combustion chambers, replacing stove materials,
and using simulations to evaluate the effects of insulation ma-
terials. However, there is a lack of comprehensive research in
the existing literature regarding integrating three different in-
sulation materials in the combustion chamber of an aluminum
stove. Therefore, this study aims to compare the performance
of three insulation materials, specifically steel, aluminum,
and clay. The combustion procedure involves the utilization
of coconut shell briquettes and necessitates modifications that
involve the integration of sleeves into the combustion chamber
of the furnace. These sleeves are characterized by a diameter
of 180 mm and a height of 150 mm.

3. The aim and objectives of the study

The study aims to identifying the performance of diffe-
rent combustion chamber casing materials within the biomass
combustion furnace. The casing materials, including steel, alu-
minum, and clay, are integral components that influence heat
transfer, insulation, and combustion stability within the furnace.

To achieve this aim, the following objectives are accom-
plished:

—to analyze the thermal characteristics of briquette
stoves that are built using clay, steel, and aluminum cylinders;

— to conduct a performance analysis of briquette stoves
by comparing the use of different stove cylinder materials
such as clay, steel, and aluminum.

4. Materials and methods of experiment

4. 1. Object, hypothesis of the study and materials

The object of this study is a biomass combustion furnace,
which plays a crucial role in sustainable energy solutions
and biomass utilization. A biomass combustion furnace is
purpose-built device that enables the controlled and efficient
combustion of biomass materials. These materials can include
wood, agricultural residues, or coconut shells. The primary
purpose of this furnace is to generate heat energy for various

applications, such as heating, cooking, and electricity gene-
ration. The biomass combustion furnace is a crucial compo-
nent of biomass energy systems. It plays a central role in con-
verting the chemical energy stored in organic materials into
thermal energy through combustion. Biomass combustion
furnaces are crucial in meeting energy demands and reducing
environmental impacts by effectively harnessing and direct-
ing thermal energy for various purposes.

The study’s primary hypothesis is that biomass com-
bustion furnace performance, efficiency, and combustion
dynamics depend on combustion chamber casing material.
The research hypothesizes that the clay, steel, or aluminum
casing material determines essential combustion parameters
and combustion chamber thermal behavior. The idea also ar-
gues that case materials affect combustion temperature pro-
files, ignition characteristics, and efficiency. It expects each
material’s thermal conductivity, heat retention capacity, and
biomass fuel interaction to affect combustion sustainability,
temperature distribution, and energy conversion efficiency.
The study’s premise suggests that changing case materials
can improve or hinder combustion efficiency, pollution re-
duction, and energy use. It posits that the complexities of
casing materials and biomass combustion affect peak fire
temperatures and combustion sustainability.

The study made several assumptions to support the
research design, methodology, and analysis. The research as-
sumes that combustion occurs under steady-state conditions,
disregarding any transient effects or variations that may arise
during real-world operation. Simplifying allows for a more
concentrated analysis, although it may not encompass all the
intricacies found in real-world scenarios. The study analyzes
and compares three primary casing materials: clay, steel, and
aluminum. The materials chosen are believed to cover a range
of thermal conductivity and behavior without considering
alternative casing materials. The assumption is that the
combustion chamber exhibits homogeneity regarding tem-
perature distribution and airflow patterns. The premise of
simplifying the analysis of casing material effects is beneficial,
but it may not fully consider localized variations.

The core of this research endeavor involved a meticulous
exploration of the effects of varying materials within the fur-
nace cylinder while maintaining uniform dimensions — spe-
cifically, a diameter of 180 mm and a height of 150 mm. This
deliberate manipulation aimed to unravel the distinct im-
pacts that different materials could wield within the confines
of this standardized environment. For a visual exposition
of the components central to this study, Fig. 1 stands as an
elucidating guide. Herein, the images of the cylinder variants
and the meticulously crafted stove provide tangible insights.
The cylinder materials of clay (Fig. 1, a), steel (Fig.1,b),
and aluminum (Fig. 1, ¢) are distinctly represented, offering
observers a visual gateway into the diverse landscapes of this
research exploration.

A critical instrument in this investigation was the stove,
meticulously fashioned from aluminum, which served as the
stage for these material variations. This stove, characterized
by its relentless craftsmanship, stood resplendent with a dia-
meter of 200 mm and an imposing height of 300 mm. These
precise measurements were imperative to provide a consis-
tent platform for evaluating the changes introduced within
the furnace cylinder.

The bedrock of combustion enhancement lay in the se-
lection of coconut shell briquettes, each measuring 65 mm
in diameter and 45 mm in height. These briquettes, chosen




with discernment, represented this study’s prime fuel source.
Their specific properties promised to interlace intriguing
nuances into the combustion process, pivotal in deciphering
the multifaceted interactions between fuel characteristics
and the varying cylinder materials.
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Fig. 1. A sketch of three types of sleeve materials:
a — clay; b — steel; ¢ — aluminum

4. 2. Cylindrical briquette stove shapes

The briquette stove used in this study featured a distinc-
tive cylindrical shape, contributing to its efficient design
and performance. The stove’s dimensions were carefully
engineered for optimal combustion and heat distribution.
The inner diameter of the cylinder measured 200 mm, while
the inner height extended to 290 mm, as depicted in Fig. 2.
To ensure durability and heat retention, the side walls of
the cylinder were designed to be 20 mm thick, providing
excellent insulation. Meanwhile, the stove sections had
a slightly reduced thickness of 10 mm, maintaining struc-
tural integrity while minimizing material usage. The body of
this furnace is made from clay. This well-thought-out design
resulted in a combustion chamber volume of approximately
9.11x10% mm?®, providing ample space for the combustion
process to take place effectively.

A strategically positioned hole with a diameter of 40 mm
at the base of the stove allowed for proper air intake, facilitat-
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ing efficient and controlled combustion. This intake ensured
a steady flow of oxygen, promoting better burning of the
briquettes and enhancing the stove’s overall performance.
Additionally, the furnace was equipped with four sturdy
legs, each with a height of 40 mm. These legs served the dual
purpose of providing stability and elevating the stove slightly
above the ground. This elevation prevented direct contact
with the surface below, reducing the risk of heat transfer and
potential damage.

The research method employed in this study was an
experimental approach to evaluate the performance and
efficiency of coconut shell charcoal briquettes when used
as a honeycomb structure on an aluminum stove. To assess
the stove’s capabilities and compare its performance under
different conditions, inner cylinder tests were conducted
using various materials, including aluminum, steel, and clay.
The experimental setup involved alternately placing inner
cylinders made of aluminum, steel, and clay on the stove,
each containing the coconut shell charcoal briquettes. This
allowed researchers to observe and analyze the stove’s be-
havior and heat transfer characteristics when subjected to
different materials.

During the testing process, the researchers carefully
monitored the water boiling process on the stove. The
water boiling process served as a standard performance
metric for the furnace, as it directly correlated with the
stove’s ability to generate and transfer heat efficiently. By
observing the boiling time, heat distribution, and fuel con-
sumption under varying cylinder materials, the researchers
could draw valuable insights into the stove’s effectiveness
and suitability for different applications. Using coconut
shell charcoal briquettes as a honeycomb structure was
a deliberate choice, as it could potentially enhance the
combustion process and increase heat retention due to its
unique shape and composition. This novel design could
improve burning characteristics, reduce smoke emissions,
and ultimately contribute to sustainable and eco-friendly
cooking practices.

Fig. 2. Dimensions of a cylindrical briquette stove




4. 3. Briquette stove performances test method

Testing the quality of briquette stoves from the three
types of materials (aluminum, clay, steel) involves a carefully
designed procedure to assess their combustion efficiency.
The primary goal is determining how effectively each type of
stove converts fuel (coconut shell charcoal briquettes) into
heat, which is crucial for evaluating their overall performance
and practicality. The testing begins by measuring and record-
ing the initial volume of water in a pot with a capacity of 5 kg.
This water-filled pot is then placed on the respective bri-
quette stove for testing. The same amount of water is used for
each stove evaluation to ensure consistency across all tests.

Fig. 3 provides a clear schematic illustration of the data col-
lection process for temperature measurements during the water
boiling. The researchers utilized Type K thermocouple sensors,
which are well-known for their accuracy and reliability in tem-
perature monitoring. These sensors were strategically placed at
various points within the test equipment to capture essential
temperature data accurately. A total of 13 thermocouple sen-
sors were carefully positioned at critical locations within the
briquette stove to record temperature readings. These sensors
were selected to cover critical areas relevant to the stove’s
performance and combustion process. The measured tempera-
tures included flame temperature, sleeve wall temperature,
combustion chamber temperature, and stove wall temperature.

TA Description of Temperature (T):
TS1 :sleeve |
TS2 : sleeve 2
TDKI1 : stove wall 1
TDK2  :stove wall 2

TDP1 TDP2 TCTEG : cold side TEG
| THTEG : hot side TEG

TDPl  :potwalll

TI TDP2 : pot wall 2
TRK : stove room
TH : heatsink
TI : fire
TU : air

Fig. 3. llustration scheme of temperature data collection

The data collection was carefully orchestrated using
data acquisition techniques integrated into the LabView
program. LabView is a powerful software platform for data
acquisition, analysis, and visualization. By leveraging this
program, the researchers could simultaneously capture and
log temperature readings from all the thermocouple sensors.
Throughout the water boiling process, the thermocouples
collected temperature data offered comprehensive insights
into the stove’s performance, heat distribution, and efficiency.
Detailed temperature measurements and data acquisition fa-
cilitated a thorough understanding of how the different stove
cylinder materials (aluminum, clay, steel) influenced heat
transfer, combustion behavior, and overall stove performance.

The choice of experimental research methodologies uti-
lized in this study was made after great deliberation to ensure
the strength and applicability of the research. Several signifi-
cant variables influenced the selection of these strategies. The

choice of a controlled laboratory environment was motivated
by the need for meticulous control over variables, hence en-
abling the isolation and accurate measurement of the effects of
combustion chamber case materials. Implementing this con-
trol is crucial to establish causal linkages between the proper-
ties of the materials and the results of combustion. Further-
more, replicating laboratory tests contributes to the increased
reliability of the obtained data. The concept of reproducibility
holds significant importance within the scientific method, as
it enables fellow researchers to validate and expand upon the
obtained results. Lastly, laboratory equipment and apparatus
offer a considerable level of precision in the acquisition of
data. The importance of accuracy becomes evident when
measuring variables such as temperature, combustion effi-
ciency, and fuel consumption, as even minor discrepancies can
provide substantial effects on the outcomes.

5. Results of the experiment on the briquette stove
performance of various stove cylinder materials

5. 1. Thermal characteristics of briquette stoves

The combustion methodology employed in this research
centers on boiling 5 kg of water within a pot, meticulously
tracking the temperature variations across several vital points.
These points include the stove wall, stove chamber, sleeve, wa-
ter, flames, and the pot, all meticulously recorded at one-minute
intervals until the water attains boiling point. Upon reaching
the boiling point (100 °C), the heated water is extracted from
the pot, and its weight is recorded for subsequent analysis. Sub-
sequently, the pot is replenished with fresh water, poised for the
next boiling cycle. This procedure is conducted iteratively until
the briquettes cease to generate a sustained flame.

The evaluation continues by quantifying the residual
briquette weight post-combustion, juxtaposed against the
weight of the water subjected to boiling. Notably, the quan-
tity of briquettes employed within each trial was constant,
comprising nine briquettes for each combustion instance.
Concurrently, the aluminum pot’s standardized weight re-
mained fixed at 0.4 kg.

Displayed prominently in Fig. 4, the chronological pro-
gression of fire temperatures, fueled by the combustion of co-
conut shell briquettes, becomes a compelling visual narrative.
A resounding crescendo mark the pinnacle of this fiery chron-
icle — the fire’s intensity peaked at an impressive 556 °C. This
remarkable feat was accomplished during the 10" minute of
experimentation, a testament to the unique dynamics brought
about by the variation in the cylinder’s composition, specifi-
cally when utilizing clay as the constituent material.

However, the historical arc of temperature fluctuations
is far from linear or predictable. The intricate dance of tem-
peratures unfolds in a manner that often eludes expectations.
Swift ascents and sudden descents create a dynamic tableau,
each marked point representing a fleeting moment in the
ever-changing thermodynamic landscape. An intriguing ob-
servation arises when examining the ignition process across
the spectrum of cylinder materials. Time and again, a pattern
emerges — an inclination toward elongated ignition times
across the board. This phenomenon resonates irrespective
of the cylinder's material makeup. However, a notable trend
appears: materials boasting low thermal conductivity values
tend to exhibit a propensity for extended ignition processes.
This curious phenomenon finds its explanation in the mate-
rials’ innate capability to retain heat over prolonged periods.
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Fig. 4. History of fire temperatures

Displayed in Fig. 5, the temperature trajectory along the
sleeve wall during the combustion of coconut shell briquettes
paints an illuminating picture. The choice of sleeve material
significantly influences the temperature profile, an observation
that can be aptly illuminated through a closer analysis of the
results. Notably, in the scenario wherein the clay sleeve mate-
rial is employed, a remarkable peak temperature of 431 °C is
recorded, distinctively observed during the 69" minute. This
outcome sets this variation apart, as it outshines the other
four variations regarding achieved temperature heights. It’s
equally intriguing that the steel cylinder material registers
a peak temperature of 402 °C, marking its zenith during the
46" minute. Conversely, the aluminum cylinder material ma-
nifests a relatively swift rise, reaching a temperature peak of
348 °C as early as the 23" minute of the trial.
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Fig. 5. History of sleeve wall temperatures

Fig. 6 is a pivotal juncture in this analytical journey, of-
fering a panoramic view of the zenith temperatures attainable
through the various sleeve wall materials. The data it presents
provides a crystalline understanding of the peak thermal per-
formances these materials can yield, illuminating the dynamic
heat landscapes they forge. The steel sleeve material is promi-
nent in this thermal saga, achieving a commendable crescendo
of 557 °C — the pinnacle of fire temperature. This milestone,
a testament to steel’s unique heat-handling attributes, show-
cases its capacity to stoke the flames to remarkable heights.

In the continuum of thermal prowess, the spotlight grace-
fully shifts to aluminum and clay sleeve materials. These
materials exhibit their thermal symphony, achieving sequen-
tial peaks with a maximum fire temperature of 551 °C and

529 °C, respectively. This evolving thermal panorama reflects
the diverse ways each material interacts with the combus-
tion process, imparting its distinctive thermal signature to
the flames. However, the realm of sleeve wall temperatures
unfurls another intriguing chapter. The clay sleeve material
takes the lead in this domain, boasting the highest summit
with a maximum sleeve wall temperature of 431 °C. This
outcome underscores clay’s thermal resilience and showcases
its ability to envelope and retain heat effectively, shaping
a robust thermal environment within the sleeve.
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Fig. 6. The maximum temperature on various
sleeve wall materials

As the narrative unfolds, the steel and aluminum sleeve
materials follow suit, each contributing to the spectrum of tem-
perature dynamics. Steel’s maximum sleeve wall temperature
scales up to 402 °C, a noteworthy achievement in its own right.
On the other hand, aluminum, with its distinct heat-conduct-
ing properties, achieves a maximum sleeve wall temperature of
348 °C, lending a unique signature to the thermal landscape.

5. 2. Performance of briquette stoves

Fig. 7 comprehensively depicts the outcomes derived
from the rigorous briquette-burning experiments conducted
across three distinct cylinder materials. Notably, a distinctive
trend emerges — one that warrants a closer examination.
Specifically, the trial associated with the 170 mm clay ma-
terial cylinder stands out significantly, showcasing the most
pronounced level of briquette consumption. This variation
attains a substantial 1.28 kg of burnt briquettes, thereby
underscoring the notable impact of the clay material confi-
guration on the combustion process.
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Fig. 7. Burn Mass Of Briquette



Perusing the insightful bar chart in Fig. 6, an additional
layer of significance emerges. Integrating a clay material
cylinder proves to be a pivotal factor in sustaining the fiery
vigor of the briquettes. This inherent resilience translates
into a remarkable reduction in the residual matter left in the
aftermath of combustion. Therefore, it is evident that the
addition of the clay material cylinder effectively fosters an
environment where the briquettes’ flames persistently burn,
generating minimal combustion residue.

Fig. 8 stands as a pivotal gateway, offering a panoramic
view into the experimentation realm — a gateway that unlocks
insights into the ability of distinct cylinder materials, when
nestled within the combustion chamber, to catalyze water’s
boiling. Within this visual narrative, a captivating saga un-
furls, revealing the exceptional prowess of certain materials in
harnessing the power of combustion for valuable ends.

A star emerges from the tableau of findings — none other
than the clay cylinder material. In concert with the potent
energy of coconut shell briquettes, this versatile medium takes
center stage by showcasing the highest capacity to transform
combustion heat into a practical outcome. With an impressive
feat, it boils water not once, twice, or thrice but an astounding
five times, amounting to a remarkable 25 liters. This resounding
achievement underscores clay’s extraordinary ability to chan-
nel heat effectively, making it a formidable catalyst for boiling
water and harnessing thermal energy for practical applications.

25 25 B Clay sleeve
- Steel sleeve
20- - Aluminum sleeve

15 15

10+

The ability to boil water (liter)

Various types of casing materials

Fig. 8. The ability to boil water

The combustion results that Fig. 8 brings to life signify
asignificant advancement in thermal efficiency. Incorporating
a clay material cylinder, synergizing harmoniously with coco-
nut shell briquettes, yields an extended period of sustained
combustion. The flame’s unwavering endurance for over four
hours is a remarkable testament to the intricate dance bet-
ween material, fuel, and combustion dynamics. This virtuoso
performance paves the way for an impressive sequence — five
rounds of water boiling, each standing as a testament to the
cumulative efforts in elevating stove efficiency.

Fig. 9 takes on a journey of thermal efficiency, a landscape
where various cylinder materials, when harnessed in conjunc-
tion with coconut shell briquettes, showcase their distinct
capabilities in transforming heat into a helpful triumph — boil-
ing water. This visual representation encapsulates the thermal
ballet of combustion and material dynamics, opening a window
into the fascinating world of energy conversion. At the forefront
of this thermal symphony stands the clay cylinder material,
exuding an exceptional prowess in thermal efficiency. When
paired with the potent energy of coconut shell briquettes, this
stalwart material unveils a resounding achievement — an im-

pressive thermal efficiency of 56.89 %. This milestone signifies
not only the clay material’s intrinsic heat-retaining capacities
but also its ability to channel and maximize the transformative
potential of combustion heat into tangible outcomes.

- Clay sleeve
Steel sleeve
Aluminum sleeve

32.89

60+ 56.83

30+

Thermal efficiency (%)

Various types of casing materials

Fig. 9. Thermal Efficiency

The term «Thermal Efficiency», as depicted in Fig.9,
generally pertains to the quantification of the efficiency with
which a combustion system transforms the thermal energy de-
rived from the fuel into productive work or heat output. The
present study focuses on evaluating the performance of the
combustion chamber and its casing material to optimize the
conversion of heat produced during combustion, namely from
the combustion of biomass briquettes, for practical purposes
such as water boiling. Thermal efficiency is used to measure
the effectiveness of a combustion system in capturing and
utilizing the available heat energy. A higher thermal efficien-
cy signifies a more significant fraction of the heat produced
during combustion is efficiently used. In contrast, a lower
efficiency implies more heat dissipating or squandering.

Parallel to this, the bar chart accompanying Fig. 9 brings
a pivotal insight. A remarkable discovery surfaces through
judicious manipulation of cylinder materials, particularly
leaning toward those with lower thermal conductivity values.
This strategic adjustment, resonating with the pursuit of op-
timal heat isolation, extends the duration of briquette flames,
fortifying their endurance beyond the four-hour mark. This
revelation underscores the intricate synergy between mate-
rial attributes and combustion dynamics, highlighting the role
of heat confinement in orchestrating sustainable combustion.

6. Discussion of the experiment on the briquette stove
performance of various stove cylinder materials

According to the findings of a historical study of fire
temperatures, the steel sleeve material employed in bri-
quette stoves shows the greatest temperature compared to
other materials (Fig. 3). This occurrence occurs due to the
radiative heat transfer of the briquettes, which is directed
toward the combustion chamber of the stove wall. As a con-
sequence of this, there is no loss of any energy throughout
the process. The study mentioned in this article [22] found
that the stove’s thermal efficiency is improved due to the
larger geometry of the furnace, which results in the lack of
energy loss. This was found to be the case. According to the
information presented in the article [23], the processes of
heat transfer and fluid movement are improved, increasing
the temperature of the fire contained within the combustion




chamber. This is made possible by the material that the stove
is constructed out of, which has a low thermal conductivity,
and the shape of the stove, which was intended to minimize
gaps on its surface to reduce energy loss. Experiments involv-
ing combustion were carried out on stoves fitted with one of
six distinct types of burners. In addition, jet flames or forced
air blasts were delivered into the rectangular furnaces in the
stove's combustion chamber. As a result of these alterations,
an enhanced air jet directed towards the flame zone was
achieved, which reduced smoke residue and improved ther-
mal efficiency by up to 34 % [24].

The sleeve wall temperature history displayed clear
patterns, indicating that the briquette stove with a clay
sleeve material had the highest temperature. The stoves
with steel and aluminum sleeve materials followed but at
lower temperatures (Fig. 4). The combustion chamber’s heat
distribution and efficiency are improved by increasing its
surface area. The article [25] discusses a research study that
examines the effects of various pin-fin shapes and the use of
nanofluid coolers on heat transfer and fluid flow characte-
ristics in heat sinks. The study examines how variations in
shape impact these characteristics. According to the study,
using cylindrical pin fins resulted in a notable enhancement
of the Nusselt number, exhibiting an improvement of ap-
proximately 23.1 %.

Moreover, the research findings indicate that the broader
configuration of the sharp-angled pin-fins has a detrimental
effect on heat transfer compared to rectangles and triangles.
The use of battery pack aluminum sleeves at different heights
has the potential to improve temperature consistency within
the battery pack. This can be beneficial in maintaining opti-
mal performance and prolonging battery life. Additionally,
implementing these sleeves can contribute to reducing the
system’s overall weight, which can have advantages in terms
of portability and energy efficiency [26].

According to the findings of evaluating the briquette
stove’s performance results, the clay sleeve material utilized
in the furnace demonstrates remarkable performance in se-
veral respects. Specifically, it displays exceptional capabili-
ties in boiling water, efficiently using briquettes, and maxi-
mizing thermal efficiency (Fig. 6—8). The broad shape of the
steeply inclined pin fin contributes to the worsening of the
convective heat transfer [25]. The utilization of cylindrical
geometry for heat transfer provides a number of benefits, one
of the most important of which is the increased rate of effi-
ciency and effectiveness in the heat transfer process. Because
of its cylindrical shape, the geometry provides a more sig-
nificant surface area than other geometries, making the heat
transmission process more efficient. Because of the increased
surface area, the pace at which heat is transferred can be en-
hanced, making the process both quicker and more efficient.

In addition, the cylindrical shape of the object facilitates
consistent heat distribution (Fig. 1), which helps to ensure
A research investigation was carried out to analyze the heat
transfer process in a cylindrical microchannel geometry in-
volving two-phase duplet flow. According to the research
findings, the Nusselt value experienced a significant increase,
specifically by a factor of two. This increase led to a growth
of 40 % and 50 % [27]. The heat transfer flow is convective
because of a wake with a significant angular deviation caused
by a pin-fin-wide [25]. The steel sleeve material is highly
regarded and ranked second in advantages, following the clay
sleeve material. The primary reason for this is its ability to
modulate thermal transfer and its high thermal effectiveness.

According to reference [28], using a steel sleeve material can
lead to a notable 32.9 % enhancement in the heat transfer rate.

The results of this study demonstrate considerable poten-
tial for practically integrating these findings into real-world
contexts. The study’s findings and data offer a robust basis for
enhancing combustion processes within the realm of biomass
combustion furnaces. By utilizing the acquired knowledge
from this research, professionals such as engineers, designers,
and practitioners in the realm of combustion technology can
actively investigate potential avenues for augmenting combus-
tion systems’ efficiency and overall performance. The findings
of this study have the potential to provide valuable insights
for the enhancement of biomass combustion furnaces in terms
of efficiency and environmental impact. Consequently, this
research can contribute significantly to the progress of sustain-
able energy solutions and resource usage optimization. Based
on our research results, let’s propose using a cylindrical con-
figuration for domestic stoves, incorporating certain measure-
ments that have exhibited improved combustion efficiency.

The study may be limited since it focuses on certain
materials, situations, and characteristics. This constraint
may limit its application. Specifically, the research does not
analyze the environmental impact of various materials on
emissions, sustainability, and resource use. Using coconut
shells as a biomass feedstock without addressing feedstock
qualities may limit the study’s scope. Add new materials,
biomass kinds, combustion settings, and furnace designs
to expand future studies. Increased generalizability would
be good. Comparing combustion chamber casing materials’
environmental impacts requires a detailed LCA. Consid-
eration of resource usage and environmental effects helps
determine their ecological footprint. Analyze how biomass
feedstocks affect combustion performance and how casing
materials interact with biomass.

The progress of this research might be improved by con-
ducting further research. Many other angles may use some
further investigation. The impact of the fuel’s content and its
properties on the behavior of the combustion process may be
uncovered if the scope of the study was expanded to include
a variety of biomass fuels. It’s possible that understanding
material interactions can be gained by researching different
biomass sources. If the research were expanded to include an
examination of emissions, such as particulate matter, gases,
and contaminants, it would give a more comprehensive re-
view of the performance of combustion and its effect on the
environment. Investigating optimization methodologies for
casing materials depending on specific objectives, such as op-
timizing efficiency, lowering emissions, or tolerating various
fuel sources, would contribute to realizing the concept.

Several weaknesses may be seen in the study. One exam-
ple is the possible reduction in combustion conditions’
complexity compared to real-world situations. There may
be fewer unintended consequences due to the simplicity of
factors like moisture content, particle size distribution, and
combustion reaction rates. These real-world challenges as-
sociated with biomass combustion can significantly impact
research outcomes. It’s also possible that the study didn’t
consider the complexities of the interplay between casing
materials, biomass quality, and combustion conditions. The
kinetics of combustion might be misunderstood if the intri-
cate connection between these parts is ignored.

Additionally, the findings may not adequately evaluate
combustion reaction dynamics. Variable oxygen levels, heat
dispersion, and biomass heterogeneity affect combustion




performance. The study may marginalize delicate interac-
tions in complex real-world environments, missing hidden
challenges and opportunities. The investigation may overlook
secondary processes like ash production and particulate mat-
ter buildup in the combustion chamber. Secondary effects can
affect combustion and casing material performance. There-
fore, this adds complexity that the previous study may not
have thoroughly investigated. The study’s restrictions must
be considered to comprehend the research findings fully. Ap-
plying results to practice requires prudence. These potential
limits can guide future research and applications to improve
biomass combustion processes completely and nuancedly.

7. Conclusions

1. The study shows steel sleeves are very good at trans-
ferring heat. The flames from these sleeves reached a very
impressive 557 °C, the highest temperature during the tests.
This shows how well steel can move heat around, which
raises the temperature inside the burning chamber. Because
of this, steel is a good choice for uses where quickly reaching
high temperatures is very important. On the other hand,
when the focus moves to clay sleeves, a different story is
told. Steel wants to get to even higher temperatures, but
clay plates do an excellent job by getting to a maximum wall
temperature of 431 °C. This result shows that clay’s unique
strength comes from the way it keeps heat for a long time.
Clay materials are good insulators, so they create an envi-
ronment inside the combustion chamber that spreads heat
evenly along the walls of the tube. This even applied heat
can have big effects on the efficiency of combustion and the
steady release of thermal energy.

2. The study of the performance of the briquette stove
with different sleeve wall materials produced compelling
and convincing results. The clay material was the best per-
former across all key performance measures. The study found

that clay was the most thermally efficient material, with an
impressive thermal efficiency rating of 56.8 %. This high-ef-
ficiency level shows how well clay can turn energy from
burning into heat. Clay showed its practical use by boiling up
to 25 liters of water. This proves that clay is an excellent way
to turn energy from burning into real-world benefits, such as
boiling water, for different reasons. Clay bands worked well
as fuel burners, using 1.28 kg of briquettes. This shows how
vital clay is as a fuel-saving catalyst, ensuring that a large
part of the fuel is used effectively during combustion. The
study shows that clay has a remarkable combustion synergy,
meaning it works well with the combustion process. This
makes the stove work better as a whole.
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