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Abstract Air pollution has a serious impact on the health of human
beings and is a major cause of death worldwide every year. Out of the many
sources of air pollution, the smoke generated from household combustion
devices is very dangerous due to the incomplete combustion of fuel. Women
from rural areas suffer a lot due to this harmful smoke. Diseases like cancer,
throat, and lung infection occur in adults and children due to inhalation
of this smoke. The traditional chulha used by rural women is operated by
using cow dung, straw, and wood, and the air is blown manually by using
small metallic pipes. This paper presents the design and development of an
innovative stove to maximize flame temperature and minimize air pollution
to overcome the health-related issues of rural women. A smokeless stove is
presented, in which wood, straw, and cow dung are taken as primary fuel,
and superheated steam as a secondary oxidizer for its operation. In this
stove, a forced draft is created by the provision of a small fan, which is
operated by solar power thus eliminating the need of creating a forced draft
manually by the cook which makes this innovative stove superior to the
traditional chulha. Owing to the provision of superheated steam, the flame
temperature as well as the burning efficiency increases. The cooking time
is reduced due to higher flame temperature as compared to the liquefied
petroleum gas stove. The main objective of this work is to minimize air
pollution and provide a smoke-free environment to the people using such
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devices as this innovative stove offers complete combustion of fuel. The
flame temperature of the designed stove ranges from 595°C to 700°C and
its thermal efficiency is 10-17% higher than that of the traditional chulha.
The design of this stove is unique, and its maintenance cost is also much
less.

Keywords: Combustion; Efficiency; Calorific value; Air pollution; Stove; Fuel; Super-
heater

Nomenclature
Cy —  specific heat of container material (aluminum), kJ/kgK
Cuw — specific heat of water, kJ/kgK
D1, D2, D3 — diameter of inner, middle, and outer cylinder, m
DR — dilution ratio
d — diameter of superheater, m
—  consumption rate of fuel, kg/s
H —  height of cylinders, m
Heual — calorific value of primary fuel, kJ/kg
Hy, —  calorific value of kerosene, kJ/kg
h —  height of superheater, m
M — mass of container, kg
m — mass of water container, kg
n — number of containers
P, — power output, kW
Qin —  heat input into the stove, kJ
Qout —  heat output of the stove, kJ
Ty, Ts — initial and final temperature of the water, °C
T3 — final temperature of water in the last vessel after the test, °C
1% —  volumetric flow rate, m®/s
Xtuel — mass of solid fuel, kg
Xk — mass of kerosene, kg
Tthermal —  thermal efficiency of the stove, %.
LPG — liquefied petroleum gas

1 Introduction

Smoke from traditional chulha is a major contributor to air pollution which
has a great impact not only on the environment but also on the health of
human beings using this chulha for cooking purposes. Generally, chulha
used by rural women for cooking purposes are placed inside a room. The
smoke generated during the operation of chulha causes health-related issues
for family members. About 40-50% of families in India are using traditional
chulha for the preparation of their food every day. In general, the chulhas
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of this type are kept inside the home and operated by women. These stoves
are operated by using cow dung, straw, and wood. The supply of air to
this traditional chulha is done by blowing in the air by mouth continuously
using a small cylindrical metallic pipe. The operation of traditional chulha
is unsafe due to the generation of harmful smoke as a result of the incom-
plete combustion of fuel. Women from rural areas suffer a lot due to this
harmful smoke. Diseases like cancer, throat infection, eye diseases, and lung
infection occur in adults and children due to this harmful smoke [1]. It is
found that more than 40% of women using traditional chulha are suffering
from many diseases caused by harmful gases released from these stoves dur-
ing their operation due to the incomplete combustion of fuel. The smoke
generated from the traditional chulhas during the preparation of food also
creates air pollution which has a serious impact on the environment and
is a major cause of death in India. Smoke from the cooking of food using
traditional chulha is the major cause of the respiratory problem of rural
women [2]. It is reported that more than six lakh (six hundred thousand)
deaths occur in India due to smoke which is generated by traditional chulha.
World Health Organization also estimated that more than one million pre-
mature deaths are caused due to indoor air pollution in India every year.
The Government from various countries is trying to minimize the use of
traditional chulhas by providing a number of other alternatives. But it is
found that implementation of these alternative methods is not up to the
mark in rural areas.

We conducted a survey in a village Mahidharpada in the Cuttack district
in the state of Odisha. It was observed that more than 80% of families in
this village were using traditional clay chulha for their breakfast, lunch, and
dinner. They have installed their stove in a room. Thus, smoke from this
stove is accumulated inside the room, which causes serious health-related
problems for the occupants. The present government in India has taken
a number of initiatives for people belonging to the BPL (Below Poverty
Line) category to use LPG cylinders for their cooking. But from our survey,
we found that a maximum number of families do not have any BPL card
for availing this facility. Some BPL card holders availing of this facility
do not have the capability to refill their LPG cylinders due to continuous
hikes in the price of LPG cylinders. At the time of the survey, we noticed
that 90% of women of the village of Mahidharpada are using traditional
chulha and they are exposing themselves for about 4 to 5 hours per day
to the harmful smoke during the process of cooking. As many as 40% of
rural women are suffering from diseases like chronic obstructive pulmonary
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disease, eye problems, tuberculosis, stroke, etc. due to their exposure to
harmful gases.

This paper demonstrates the designed and developed smokeless stove
which can be used for cooking by people residing in rural areas. The main
objective of this work is to manufacture a smokeless stove that would not
only provide a safe environment but also make the cooking process easy and
comfortable. Smoke generated from the cooking process is one of the main
sources of air pollution. The harmful gases released from the traditional
chulha during the cooking process cause health issues to family members.
The smoke generated during the burning of fuel is considerably lower in our
designed stove. That has been possible by the use of superheated steam as
a secondary oxidizer. The designed stove provides several advantages over
traditional chulha. It is easy to transport and its maintenance cost is low.
The raw material required for its manufacturing is easily available and
hence the cost of the designed stove is low. Few works have been done
by researchers to develop smokeless stoves but the studies considering the
use of secondary oxidizers are limited in the literature. Onah et al. [3]
investigated the effect of fuelwood on carbon emissions through the use of
improved stoves by selected families in Kwara state and found that such use
can help protect forests and may also contribute to reducing CO9 emissions
in Nigeria.

Obi et al. [4] studied extensively the performance of fuel blocks driven
biomass cooking stoves and found that improved cooking stoves proposed
superior thermal efficiency than the conventional cooking stoves. Wolde-
semayate and Atnaw studied biomass cookers for their project alongside
performance and found that the improved cookers showed enhanced per-
formance over conventional cookers [5]. Flores et al. [6] studied excessive
costs and investigated the cost-benefit of introducing improved cookers in
Honduras and found that the costs associated with implementing this re-
lated strategy are low. Mekonnen and Hassen [7] examined blueprint, es-
tablishment, and evaluation of hybrid biomass cooking stoves driven by
solar energy and found that such devices exhibit 5% thermal efficiency en-
hancement along with 6 g/L declinations in fuel expenditure in comparison
to conventional biomass cooking stoves. Jain and Sheth [8] reviewed the
energy test plan for a biomass cooking stove and found that this formula
increased the run time to about 85 min, representing a 30% overall im-
provement. Manyuchi et al. [9] studied the espousal of eco cooking stoves
as a technique of exuberant efficiency enhancement and found that the
acceptance of such structures led to energy conservation along with en-
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ergy efficiency enhancement in comparison to conventional open cooking
stoves. Prasannakumaran et al. [10] investigated the inclusion of trays to
recuperate unwanted heat in an abundance of efficient wood stoves, they
demonstrated that such incorporation resulted in increased efficiency while
reducing fouling levels. Emetere et al. [11] studied properties of heat sink
for an effective establishment of exuberance in producing cooking stove for
rural people and found that fall down or the rise of the restricted boundaries
established by the steel constituents dictates the microstructural proneness,
mechanical characteristics, and the chemistry of alloys of the heat sink. Tom
et al. [12] tested the performance of multi-layered biomass block cooking
stove and found that such structure resulted in fine stove performance for
quintessential cooking times. Roul and Nayak [13] presented natural con-
vection heat transfer through the internal surface of heated vertical tubes.
Other works of Nayak et al. [14-16] showed the enhancement of heat trans-
fer in a vertical tube by providing internal rings of various dimensions at
different intervals.

Sahoo et al. [17-19] employed computational fluid dynamics techniques
to analyze heat transfer from pin-finned horizontal and vertical plates.
Bagqir et al. [20] carried out the performance evaluation of improved metal
stove over traditional mud chulha. They found that the use of improved
metal stove resulted in reduced indoor pollutants, reduced fuelwood con-
sumption, and increased thermal efficiencies over traditional mud chulha.
Saravanna et al. [21] performed modeling and analysis of heating water us-
ing waste heat within the hot flue gases exhausted from a stove and found
that by the use of stainless steel shell — copper pipe combination waste
heat recovery system, the heating time, environmental impact and the cost
of energy consumption is reduced. Thakur et al. [22] studied the effects of
using a low smoke stove over traditional cook chulha with a follow-up time
of 1 year. They found that the use of a low smoke stove results in reduced
indoor air pollution and an increase in respiratory health for both women
and children. Smith and Sagar [23] considered the need and ways to include
gas and electric cooking to avoid pollution caused by solid fuel-fired cook-
ing stoves in India. They found that the ministry of health, petroleum, and
power ministries engagement can help save the Indian population trapped
in the stove trap.

Hanbar and Karve [24] undertook a critical appraisal of the Govern-
ment of India’s National Stove Improvement Program and found that the
program mainly focuses on creating resourceful stove models, promoting
them, and making them public. They also concluded that this program
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can provide clean and sustainable use of biomass energy in rural areas.
Gowda et al. [25] conducted a case study on rural waste management in
a village in southern India and found that replacing traditional mud chulha
with improved chulha could help families reduce their annual firewood con-
sumption. Their analysis also showed that commercializing the use of rice
and coconut biomass could improve the savings of rural families. Wang
and Bailis studied the social methods of elimination of traditional stoves in
Himachal Pradesh and found that despite decades of effort, extensive accep-
tance of improved stoves in developing countries is yet to be achieved [26].
They observed that the adoption pathways for improved biomass stoves
along with LPG stoves among different socio-economic groups were differ-
ent. Kammen examined the cook stoves used in Kenya and programs in
China and India and indicated that traditional cook stoves using wood,
charcoal, and coal are extensively used in most households [27]. The design
of new generation stoves has significant consequences not only on energy
usage but also on the environment and community health. Asi considered
four analytical frameworks in order to analyze extensive learning processes
in improved cook stove practice [28]. He found that extensive learning pro-
cesses lead to collaborative decision implementation. Kshirsagar et al. [29]
studied the use of robust design parameters to optimize the performance
of hybrid draft biomass stove and demonstrated that such optimization
procedure resulted in the best overall furnace performance.

From the literature review, it was observed that several researchers have
studied the negative effects of traditional chulhas and suggested some im-
provements to them. However, none of the researchers used the concept
of a secondary oxidizer such as superheated steam, to develop a smoke-
less stove to overcome the harmful effects of traditional chulha. This paper
presents a smokeless stove operated by biomass along with superheated
steam that has been developed to control air pollution and decrease the
health-related issue of rural people. The main advantage of this stove is
that it can be easily operated, it is easy to transport and all types of
biomass fuels such as wood, cow dung, and straw can be used with the
minimum generation of smoke.

2 Experimental setup and procedure

Figure 1 shows the overall setup of the biomass-operated smokeless stove.
It consists of external, middle, and internal cylinders. All these cylinders
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are positioned on a common support. Insulating materials are provided in
between the external and middle cylinders to decrease the heat transfer to
the outer wall. The flame temperature is maintained at a high level due
to the combined effect of the primary fuel and steam supply from the su-
perheater. In this work, glass wool has been used as an insulating material
between the external and middle cylinders. The flame temperature can be
maintained at a high level by minimizing the heat loss to the environment.
The top of external and internal cylinders is covered, and some sort of ar-
rangement is provided on top to support utensils used for cooking purposes
as shown in Fig. 1.
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Superheater 4 Outer cylinder
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Pipe (water to a superheater) ¢
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Figure 1: Schematic diagram of the experimental setup.

Small holes are provided on the cylinders to allow higher velocity of the air
and higher flow of air to the interior of the stove (combustion space) for
complete combustion of fuel. A solar-powered small fan is used to supply
air to produce a forced draft inside the stove. The solar panel is used to
charge a 12 V battery to supply power continuously to the fan so that the
stove can be used during the night. Ash from the stove is removed using
an ash tray provided at the bottom of it. Both primary fuel and secondary
oxidizer are used in this stove. Cow dung, straw, and small wooden pieces
can be taken as primary fuel and superheated steam is taken as a secondary
oxidizer. Superheated steam is produced by the provision of a superheater
inside the chamber as shown in Fig. 1. A small water tank with a pumping
arrangement is provided outside the stove. Water from the water tank is
supplied continuously to the superheater through a pipe.

Figure 2 shows the prototype of a smokeless stove. The diameters of
the inner cylinder (D7), middle cylinder (Dz), and outer cylinder (Ds3) are
0.3048 m (12 in), 0.3556 m (14 in), and 0.4064 m (16 in), respectively.
The height (H) of all the cylinders is 0.6604 m. The solar panel is used to
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drive the fan to create a forced draft by creating positive air pressure for
increasing the rate of combustion and rate of heat transfer.

' Cylindrical body

_ Water
container

—- Superheater

Solar panel to drive the fan

Figure 2: Image of the smokeless stove.

Figure 3 demonstrates the schematic diagram of the superheater. The su-
perheater consists of a cylinder that has a diameter of d =0.0508 m (2 in)
and a height of h = 0.1524 m. Two holes are drilled at the side of the cylin-
der to insert the inlet and outlet pipe. One hole is provided at a distance
of 0.0127 m below the top of the cylinder and another hole is drilled at
a distance of 0.0254 m above the bottom of the cylinder. The top hole is
connected with the nozzle for the supply of superheated steam to the com-
bustion chamber and the bottom hole is connected with the water tank
through which water is supplied to the superheater by a manually operated
pump. The nozzle is placed below the superheater as shown in Fig. 3. The
temperature of superheated steam ranges from 200°C to 250°C which helps
in increasing the flame temperature.

[~ -
=

Superheater ~a———

Water to superheater Superheated steam from
superheater

(~— |
<

Pipeconnected =~ ————
with water tank

Nozzle

Figure 3: Schematic diagram of the superheater.

Multi-gas analyzer (Horiba Instruments Pvt. Ltd.) is used for continuous
measurement of the concentrations of NO,, CO2, and CO. Electronic bal-
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ances (5.1 gm capacity, LC: 0.001 mg, Sartorius ME5, and 30 kg capac-
ity, LC: 1 gm, K-Roy, Kolkata) are used for measurement of the mass of
fuel. The automated compensated Isoperibol calorimeter (Parr Instrument
IR60,) is used for the determination of the calorific value of a fuel. For
analysis of moisture, the Denver Instrument IR60 was used. The total par-
ticulate matter is determined with the use of Polltech Instruments Pvt.
Ltd. A hotwire anemometer is utilized to measure the flame speed. K-type
thermocouples are used to measure the flame temperature, the handle tem-
perature, and the outside wall temperature of the stove. The readings of
thermocouples are recorded on a separate computer using the LabView [32]
software.

Table 1 shows the details of the designed biomass-operated smokeless
stove with specifications of different parameters. The observations have
been carried out by considering various factors such as fuel type, geomet-
rical parameters, etc.

Table 1: Details of the biomass operated smokeless stove.

Parameters Particulars
Type of stove Forced draft
Combustion chamber of the stove Cylindrical
Total weight 9.5 kg
Inner diameter (D7) 0.3048 m
Height of cylinders (H) 0.6604 m
Test duration 4h
Fuel (primary) Wood
Secondary oxidizer Superheated steam
Primary fuel size 0.04 m x 0.04 m x 0.125 m
Diameter of superheater (d) 0.0508 m
Height of superheater (h) 0.1524 m

For the operation of this type of stove, some simple steps need to be fol-
lowed. The solar-powered fan is connected with the passage of the stove.
Some dry woods (primary fuel) are added to the stove. Water is poured into
the water tank. Ignition of the primary fuel is done by adding some kerosene
into it. The fan is switched on and some more amount of primary fuel is
added. When the primary fuel starts burning, water is pumped to the su-
perheater and the superheated steam from the superheater passes through
the nozzle to the combustion chamber. Then the cookware is placed on
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the support for cooking. Pumping of water to the superheater should be
carried out with some time intervals for better flame temperature. Primary
fuel can be added as and when required.

3 Results and discussion

In this designed stove, superheated steam is used as a secondary oxidizer
which provides a number of advantages for increasing the burning efficiency
and reducing the generation of smoke. Superheated steam possesses a large
amount of heat energy as it carries the latent heat of vaporization of water
at higher pressure. Adding water vapor to a high-tem flame can increase
the reactivity by catalyzing action. This is in addition to an increase in
the concentration of radicals contributing to the reactive gasification of the
medium. The associated release of energy will also provide additional heat
for the endothermic gasification reactions [30].

By following proper steps and procedures, a number of the tests have
been conducted on the biomass-fired smokeless stove. Table 2 shows the
test results on the thermal efficiency, formation of carbon monoxide, flame
speed, fuel consumption rate, and total particulate matter from this stove.
Firewood of size 0.04 m x 0.04 m x 0.125 m was used as the primary fuel.
Superheated steam which has the property to attract moisture from drying
substances and transmit heat to it up to saturation, is used as a secondary
oxidizer. Generally, dry fuel (wood) has a maximum heating value com-
pared to wet fuel. In this work, the enthalpy of primary fuel is increased by
supplying superheated steam. The drying system, functioning in a self-heat
recovery pattern, enables the gathering of steam from the moisture in the
raw fuel, followed by the recirculation of its latent and sensible heat for the
drying of the rest of the fuel [31]. As a result, the heat of the phase transi-
tion is not given off to the ambiance, which results in reducing the energy
consumption, thus elevating the thermal efficiency of the system. The prop-
erty of superheated steam is to avoid reactions during combustion. Thus,
the use of superheated steam in the carried out study eliminates the risk
of the chances of explosion.

The heat input into the stove is calculated by using the relation:

Qin = Xtuel Hrvel + XipHy, (1)

where Xyl and Xj are the mass of solid fuel and kerosene, respectively,
whereas Hpyl and Hy represent their calorific values.
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Table 2: Test results of biomass operated smokeless stove.

Thermal CcO Flame Fuel Calorific Emission Tf)tal
. . . factor for | particulate
Test No. | efficiency | concentration | speed | consumption value
(%) (pm) | (m/s) | rate (ke/h) | (k3/ke) | S0 | e
(g/MJ) | (mg/MJ)
Test 1 26.0 291.09 2.41 4.00 18618.60 4.01 145.11
Test 2 26.3 466.03 2.82 3.90 18325.70 4.91 140.01
Test 3 27.5 571.12 2.92 3.70 18115.28 5.00 141.02
Test 4 25.5 271.01 2.31 3.90 18318.8 3.21 142.01
Test 5 27.6 589.99 3.02 3.60 18504.57 | 4.04 149.03
Test 6 26.1 395.12 2.61 3.70 18118.8 4.93 145.27
Average 26.5 430.73 2.68 3.80 18333.6 4.35 143.74
Standard | g6 136.09 0.285 0.155 202.26 | 0.719 3.362
deviation

The heat output of the stove is calculated as follows:
Qout = (n— 1) (MCy +mCy) (To = T1) + (MCy +mCy) (T35 — T1), (2)

where n is the number of containers, M and m denote the mass of container
and water, respectively, quantities C,, and C,, represent the specific heat
of container material (aluminum) and water, respectively, T is the initial
temperature of the water, T5 is its final temperature, and T3 is the final
temperature of water in the last vessel at the completion of the test.

The values of parameters are taken as:

C, = 0.896 kJ/kgK, C, =4.2kJ/kgK, M =1.310 kg,
T, = 23°C, Ty = 95°C, Ty = 120°C,
X, =15 x 1073 kg, Hjy = 45000 kJ/kg, n = 4.

The thermal efficiency of the stove can be determined using the formula

Tlthermal = QOUt x 100. (3)
Qin
Power output (productivity power) of the stove is then given by
FHfuel Tlthermal
Pp=———— 4
© 360000 ’ (4)

where F' is the consumption rate of fuel.



www.czasopisma.pan.pl P N www.journals.pan.pl
TN

120 R.C. Nayak, M.K. Roul, and P.D. Roul

By conducting six test series, it was observed that the thermal efficiency
of the developed stove ranges from 25.5% to 27.6%, which is 10% to17%
higher than that of the traditional chulha. Carbon monoxide (CO) con-
centration ranges from 270 ppm to 600 ppm. The flame speed ranges from
2.31 m/s to 3.02 m/s. The consumption rate of primary fuel (wood) ranges
from 3.60 kg/h to 4 kg/h. The emission factor for CO defined as the emis-
sion per unit of energy delivered ranges from 3.21 g/MJ to 5 g/M.J.

Several tests have been conducted to find out the flame temperature,
outer cylinder (body) temperature, and the output of the stove during
its operation. Measurements were collected simultaneously from undiluted
chimney gas, diluted gas drawn directly from the chimney, and plume gas
collected from a dilution tunnel above the chimney. Concentrations of CO,
COg, and Og, temperature, pressure, and particulate matter (PM) were
measured.

The material balance was used for CO3 to assess the degree of dilution
between diluted and undiluted chimney gas. Dilution ratio is defined as
the ratio of the rate of flow through the chimney (V3) to the rate of flow
through the diluted line (V3):

DR — 22 (5)
V3
The outcome of the experimental investigation of the designed stove has
been presented in Table 3. It is observed that flame temperature ranges
from 595°C to 700°C, the dilution ratio varies from 49.87 to 63.13 and the
power output ranges between 4.86 kW and 5.37 kW.

Table 3: Temperature range and power output of the smokeless stove.

Thermal | Stream | Power | Dilution Ou.t side Flame Handle
Test No. |efficiency | size output ratio cylinder temperature | temperature
@) | @) | ew) | O | RG] co) (°C)
Test 1 26.0 0.71 5.37 49.87 48 601 45
Test 2 26.3 0.87 5.22 61.01 57 632 52
Test 3 27.5 0.83 5.12 61.01 52 640 49
Test 4 25.5 0.99 5.06 60.12 49 595 43
Test 5 27.6 1.33 5.10 60.79 50 700 43
Test 6 26.1 1.01 4.86 63.13 51 670 44
Average 26.5 0.96 5.122 59.32 51.17 639.67 46
i;i?;ii 0.856 | 0.213 | 0.169 | 4.739 3.188 40.272 3.688
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Figure 4 demonstrates the operation of the designed biomass-burning
smokeless stove. The flame temperature and flame velocity are higher than
in the traditional chulha.

Figure 4: Functioning of the designed smokeless stove.

Table 4 shows the comparison between the traditional chulha and the de-
signed stove. The designed stove has many advantages over traditional
chulha. It is easy to operate and it can be transported easily due to the

Table 4: Comparison of traditional and the designed stove.

Parameters Traditional chulha Designed stove Remark
Flame temperature 200-300°C 595-700°C More than double
Flame velocity Low Almost double Due to forced draft

Due to the complete burning

Smoke More Less of fuel

Primary (wood)
Fuel used Primary (wood) | and secondary oxidizer
(superheated steam)

Higher flame temperature,
higher efficiency, lower smoke

Efficiency 10-15% 27.6% Saves cooking time and cost

Complete combustion due to

Combustion Inadequate Improved superheated steam
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flexibility of its design. The cost of the designed device is also very low
as the material required for its manufacturing is easily available. The use
of the developed stove provides an environment having zero-emission and
zero health issues for rural women, whereas cooking with traditional chulha
causes serious health problems and environmental pollution. In addition, it
has higher flame temperature and higher efficiency due to the use of super-
heated steam. Due to the complete combustion of fuel, the smoke and ash
formation is also reduced which makes the stove environment-friendly and
energy-efficient.

4 Conclusions

The main objective of this work is to design and develop a smokeless stove to
improve thermal efficiency and reduce air pollution that will not only reduce
the cooking cost but also provide a better environment for rural women.
The significant conclusions derived from the analysis can be reckoned as
follows:

o The thermal efficiency of the designed stove is 10-17% higher than
that of the traditional chulha.

e The flame temperature of this stove ranges from 595°C to 700°C,
which not only reduces the cost of cooking but also reduces the cook-
ing time.

o Due to the provision of secondary oxidizer (superheated steam), com-
plete burning of primary fuel occurs, as a result of which ash forma-
tion, as well as the formation of harmful gases, reduce.

e The maximum heating value of the primary fuel contributes to an
increase in combustion efficiency.

e Due to the provision of insulating layers, the temperature of the body
and handle of the designed stove is low, so it can be handled easily.

e It provides a safer environment due to less formation of harmful gases.

o By utilizing the battery and solar power system, the designed stove
can be used at night.
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e In the stove, the forced draft is created using a small fan, which is
operated by solar power thus eliminating the need of creating forced
draft manually by the cook which makes this innovative stove superior
to the traditional chulha.

Received 9 August 2021
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