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Introduction

Biomass cook stoves are commonly used in rural and semi-urban areas because biomass fuels such as wood, agricultural waste, and
briquettes are easily available and economical. However, traditional natural draft cook stoves often suffer from incomplete combustion,
excessive smoke generation, higher fuel consumption, and lower thermal efficiency [3], [4], [17], [20]. These problems also create health
and environmental concerns due to indoor air pollution [4], [19], [20].

To overcome these limitations, the present study focuses on a forced draft domestic biomass cook stove. In this design, a fan/blower
supplies controlled air into the combustion chamber through air vents. This forced airflow improves oxygen availability, air—fuel mixing,
flame stability, combustion intensity, and heat transfer performance [1], [7], [8], [13], [22]. Therefore, the proposed cook stove is
expected to provide better thermal performance and reduced smoke emission compared with conventional natural draft biomass stoves
[4], [10], [13].

Problem Statement

Traditional natural draft biomass cook stoves depend only on natural airflow for combustion. Due to this, the oxygen supply inside the
combustion chamber is often insufficient and uncontrolled. This causes incomplete combustion, unstable flame, excessive smoke, higher
fuel consumption, and lower thermal efficiency [5], [11], [15], [25].

In the previous natural draft stove testing, similar drawbacks were observed, especially poor air—fuel mixing and low thermal efficiency.
Therefore, there is a need to develop an improved biomass cook stove with controlled airflow. The present work addresses this problem
by using a bottom-mounted fan/blower to force air into the combustion chamber, which can improve combustion quality, heat transfer,
and overall stove performance [1], [7], [8], [13], [21], [22].

Objective Of the Study

The main objective of this study is to design, fabricate, and test a forced draft domestic biomass cook stove for improving combustion
performance and reducing the limitations of traditional natural draft cook stoves. The proposed stove uses a fan/blower-assisted air
supply system to provide continuous and controlled airflow inside the combustion chamber [7], [8], [13].

The specific objectives of the present work are as follows:
e To design and fabricate a forced draft biomass cook stove suitable for domestic cooking applications.
e To improve combustion efficiency by supplying forced air into the combustion chamber using a bottom-mounted fan/blower [1],
[71, [21].
e To provide proper air vents for uniform airflow distribution and better air—fuel mixing inside the combustion zone [5], [6], [23].
e To reduce smoke generation, incomplete combustion, and fuel consumption compared with traditional natural draft biomass
cook stoves [4], [10], [20], [22].
e To study the flame stability, burning behaviour, and combustion characteristics of biomass fuels under forced draft operating
conditions [1], [14], [24], [25].
e To evaluate the thermal performance of the developed cook stove using the Water Boiling Test method.
e To develop a low-cost, simple, and user-friendly cook stove design that can be practically used in rural and semi-urban
households [18], [19], [20].
Overall, the study aims to show that forced airflow can improve oxygen availability, enhance combustion quality, increase heat transfer,
and make biomass cooking more efficient and cleaner for domestic use.

Methodology

The methodology of this study is based on the design, fabrication, and experimental testing of a forced draft domestic biomass cook stove.
First, the limitations of the previously developed natural draft biomass cook stove were studied. The earlier stove showed low thermal
efficiency, incomplete combustion, higher smoke formation, and unstable flame behaviour due to insufficient natural airflow [5], [11],
[15], [25].

After identifying these limitations, a forced draft system was selected to improve combustion performance. In the proposed design, a
fan/blower is mounted at the bottom section of the stove to supply continuous air into the combustion chamber. This forced airflow
improves oxygen supply, air—fuel mixing, flame stability, and combustion temperature [1], [7], [8], [13], [21].

The cook stove was designed using CAD modelling. The main components include the combustion chamber, outer body, base plate, air
inlet slots, pot support, insulation layer, and blower arrangement. Mild steel was selected for fabrication because of its strength, easy
availability, weldability, and low cost [9], [19], [20]. Alumina fiber insulation was used to reduce heat loss and improve heat retention
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inside the combustion zone [10], [15].
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Fig. 1. Types of Biomass Cook Stoves

After fabrication, the stove was tested using the Water Boiling Test method. During experimentation, parameters such as fuel
consumption, water temperature rise, boiling time, flame stability, smoke generation, and thermal efficiency were observed. The results
were then used to evaluate the performance of the forced draft cook stove and compare its improvement over the previous natural draft
design.

Design and Fabrication of Forced Draft Biomass Cook Stove

The forced draft biomass cook stove was designed to improve airflow supply, combustion stability, and heat transfer compared with a
conventional natural draft stove. The main design idea is to supply controlled air into the combustion chamber with the

help of a fan/blower mounted at the bottom section of the stove.
This arrangement increases oxygen availability and supports more complete combustion of biomass fuel [7], [8], [13], [22].

The stove consists of a cylindrical combustion chamber, outer body, base plate, air inlet slots, pot support structure, insulation layer, and
blower arrangement. The air inlet slots were provided at the base so that forced air can enter the combustion zone uniformly. Proper
airflow distribution is important because it improves air—fuel mixing, flame stability, combustion temperature, and heat transfer toward
the cooking vessel [5], [21], [23], [24].

Mild steel was selected as the main fabrication material because it is easily available, economical, weldable, and suitable for prototype
development. The base plate and outer chamber were made using 5 mm mild steel, while the combustion chamber was made using 3 mm
mild steel. Alumina fiber insulation was provided between the inner and outer chamber to reduce heat loss and improve thermal
performance [9], [10], [15], [19].

The CAD model of the stove was prepared using Autodesk Fusion 360. The model included the combustion chamber geometry, air inlet
slots, pot support, and blower arrangement. After CAD modelling, the components were fabricated using laser cutting, rolling, welding,
insulation filling, blower installation, surface finishing, and heat-resistant paint coating. This fabrication approach helped to maintain
dimensional accuracy, structural strength, proper airflow passage, and practical usability of the stove.

Experimental Testing Using Water Boiling Test

The experimental testing of the developed forced draft biomass cook stove was carried out by using the Water Boiling Test (WBT). The
purpose of this test was to evaluate the thermal performance, fuel consumption, temperature rise, combustion stability, and overall
working performance of the stove. The stove was operated under forced draft condition by using a blower fan, which supplied
continuous airflow into the combustion chamber.

The Water Boiling Test was performed using biomass fuels such as mango wood and cow dung. During the test, a fixed quantity of water
was placed in the vessel and heated by burning the selected biomass fuel. The initial and final temperatures of water were recorded. The
mass of fuel consumed was also measured. These values were used to calculate the thermal efficiency of the forced draft biomass cook
stove.

The blower-assisted airflow improved oxygen supply inside the combustion chamber. This helped to improve air—fuel mixing, flame
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stability, heat generation rate, and combustion efficiency. The test was also useful for comparing the performance of the forced draft

stove with the previous natural draft biomass cook stove.
Experimental Procedure

The stove was cleaned and ash particles were removed before starting the test.
A measured quantity of water was placed in the vessel.
The initial mass of biomass fuel was recorded.
Temperature measuring devices were placed at required locations.
The blower system was connected to the air inlet arrangement.
Biomass fuel was ignited using small fuel pieces.
After flame stabilization, the blower fan was switched ON.
The stopwatch was started and the heating process was observed.
Temperature readings were recorded during the boiling phase.

. At the end of the test, the remaining fuel was measured.

. Thermal efficiency was calculated using the Water Boiling Test method.
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Table 1. Previous Natural Draft Cook Stove Test Results

Test Thermal Efficiency (%)
Test 1 14.86
Test 2 15.14
Test 3 14.63
Average Efficiency 14.87

The previous natural draft cook stove showed an average thermal efficiency of 14.87%. This lower efficiency was mainly due to limited

airflow, poor air—fuel mixing, incomplete combustion, unstable flame behaviour, and higher heat losses.

Table 2. Observation Table for Mango Wood as Fuel

Parameter Fan Fan Fan Fan Fan Fan Fan Fan Fan Fan
Speed Speed Speed Speed Speed Speed Speed Speed Speed Speed
1 Test 1 Test 2 Test 2 Test 3 Test 3 Test 4 Test 4 Test 5 Test 5 Test
1 2 1 2 1 2 1 2 1 2

Weight  of 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8

water (kg)

Specific 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186

heat of

water

(kJ/kg°C)

Mass of 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51

vessel with

lid (kg)

Specific 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

heat of

aluminium

(kJ/kg°C)

Mass of 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81

fuel

consumed

(kg)

Initial 23 23 23 23 23 23 23 23 23 23

temperature

of water

78



https://journals.mriindia.com/index.php/ijasret

Experimental Studies on a Forced Draft Domestic Biomass Cook Stove

(°O)
Final 95.6 94.6 95 95.4 94 96 95 943 96 953
temperature
of water in
vessel 1
°O)
Final 94.9 95 96 96.5 95.6 94.6 96.6 95.6 95.8 95.8
temperature
of water in
vessel 2
°O)
Final 96.2 95.2 96.3 96.2 95 94 96 95.4 95.3 94.7
temperature
of water in
vessel 3
(°O)
Final 40.2 44.6 50.3 50.6 44.6 44 294 31.7 NA NA
temperature
of water in
vessel 4
(°O)
Efficiency 33.92 34.40 37.08 37.56 33.41 33.87 30.65 31.09 26.11 26.57
(%)
Table 3. Average Efficiency for Mango Wood
Fan Speed Level | Experiment 1 Efficiency (%) | Experiment 2 Efficiency (%) | Average Efficiency (%)
1 33.92 34.40 34.18
2 37.08 37.56 37.32
3 33.41 33.87 33.64
4 30.65 31.09 30.87
5 26.11 26.57 26.34
Table 4. Observation Table for Cow Dung as Fuel
Parameter Fan Fan Fan Fan Fan Fan Fan Fan Fan Fan
Speed Speed Speed Speed Speed Speed Speed Speed Speed Speed
1 Test 1 Test 2 Test 2 Test 3 Test 3 Test 4 Test 4 Test 5 Test 5 Test
1 2 1 2 1 2 1 2 1 2
Weight of 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
water (kg)
Specific 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186 4.186
heat of
water
(kJ/kg°C)
Mass of 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
vessel with
lid (kg)
Specific 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
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heat of

aluminium

(kJ/kg°C)

Mass of 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
fuel

consumed

(kg)

Initial 23 23 23 23 23 23 23 23 23 23
temperature

of  water

(°C)

Final 94.2 94.8 95.4 95.8 95 95.2 94.5 94 94 94.8
temperature

of water in

vessel 1

°C)

Final 95 95.3 96 96.4 95.4 95.8 94 94.5 94.5 94.7
temperature

of water in

vessel 2

°C)

Final 72 73.5 94.5 95.2 79 80.4 70.5 71.6 60 61.2
temperature

of water in

vessel 3

°C)

Final NA NA 30.2 31.2 NA NA NA 31.7 NA NA
temperature

of water in

vessel 4

°C)

Efficiency 25.82 26.34 2991 30.47 28.12 28.66 25.43 25.97 21.88 22.36
(%)

Table 5. Average Efficiency for Cow Dung

Fan Speed Level Experiment 1 Efficiency (%) Experiment 2 Efficiency (%) Average Efficiency (%)

1 25.82 26.34 26.08

2 29.91 30.47 30.19

3 28.12 28.66 28.39

4 25.43 25.97 25.70

5 21.88 22.36 22.12

Table 6. Observation Table for Charcoal as Fuel
Parameter Fan Speed 1 Fan Speed 2 Fan Speed 3 Fan Speed 4 Fan Speed 5
Test 1 Test 1 Test 1 Test 1 Test 1

Weight of water (kg) 4.8 4.8 4.8 4.8 4.8
Specific heat of water 4.186 4.186 4.186 4.186 4.186
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(kJ/kg°C)

Mass of vessel with lid (kg) 0.51 0.51 0.51 0.51 0.51
Specific heat of aluminium 0.9 0.9 0.9 0.9 0.9
(kJ/kg°C)

Mass of fuel consumed (kg) 0.8 0.8 0.8 0.8 0.8
Initial temperature of water 23 23 23 23 23
O

Final temperature of water in 95.6 96.4 96 95.4 95

vessel 1 (°C)

Final temperature of water in 96.2 97 96.6 95.9 95.5
vessel 2 (°C)

Final temperature of water in 94.5 96 95.2 90.2 83
vessel 3 (°C)

Final temperature of water in 48 60.4 52 42 NA
vessel 4 (°C)

Efficiency (%) 36.18 39.92 37.84 34.01 30.12

Result

From the Water Boiling Test results, it is observed that the forced draft biomass cook stove gives better thermal efficiency than the
previous natural draft cook stove. The previous natural draft stove had an average efficiency of only 14.87%. In the forced draft stove, the
highest average efficiency for mango wood was 37.32% at fan speed level 2. For cow dung, the highest average efficiency was 30.19%
at fan speed level 2. For charcoal, the highest efficiency was 39.92% at fan speed level 2.

The results show that fan speed level 2 gives the best performance for all tested fuels. At this speed, the airflow is sufficient for proper
combustion and better heat transfer. At very low fan speed, the oxygen supply is limited. At higher fan speeds, excess air may carry heat
away from the combustion zone, which reduces the useful heat transfer to the vessel. Therefore, controlled forced airflow is important for
improving the performance of biomass cook stoves.

Overall, the experimental testing confirms that the forced draft arrangement improves oxygen supply, air—fuel mixing, combustion
stability, and thermal efficiency. The forced draft biomass cook stove achieved better performance than the natural draft stove and can be
considered suitable for domestic biomass cooking applications.

Conclusion
The present work successfully designed, fabricated, and experimentally tested a forced draft domestic biomass cook stove.

The main purpose of the study was to overcome the limitations of traditional natural draft biomass cook stoves, such as incomplete
combustion, excessive smoke generation, poor flame stability, higher fuel consumption, and lower thermal efficiency [4], [17], [20], [25].

The developed cook stove used a bottom-mounted fan/blower to supply forced air into the combustion chamber. This forced draft
arrangement improved oxygen availability, air—fuel mixing, combustion stability, heat generation, and heat transfer toward the cooking
vessel [1], [7], [8], [13], [21], [22]. The stove was fabricated using mild steel due to its strength, easy availability, weldability, and
economical nature [9], [19], [20]. Alumina fiber insulation was also used to reduce heat loss and improve thermal performance [10], [15].

The performance of the stove was evaluated using the Water Boiling Test method. The previous natural draft biomass cook stove showed
an average thermal efficiency of 14.87%. In comparison, the forced draft stove gave much better results. The highest efficiency for
mango wood was 37.32% at fan speed level 2. For cow dung, the highest efficiency was 30.19% at fan speed level 2. For charcoal, the
highest efficiency was 39.92% at fan speed level 2.

From the experimental results, it is concluded that controlled airflow plays an important role in improving the performance of biomass
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cook stoves. Fan speed level 2 gave the best performance because it provided sufficient air for combustion without carrying away

excessi

ve heat from the combustion zone. At lower fan speed, oxygen supply was insufficient, while at higher fan speeds, excess airflow

reduced useful heat transfer.

Overall, the forced draft biomass cook stove showed improved thermal efficiency, better flame stability, reduced smoke formation, and
better fuel utilization compared with the natural draft stove. Therefore, the developed stove can be considered a simple, economical, and
effective solution for domestic biomass cooking applications, especially in rural and semi-urban areas where biomass fuels are easily
available. The study also provides a useful base for further design improvement, airflow optimization, CFD analysis, and emission

testing.
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