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Abstract

This study was conducted to design, develop, and evaluate the per-
formance of an atomized kerosene oven. The oven was developed to
address the high operating costs, low thermal efficiency, and incomplete
combustion associated with conventional kerosene ovens. It premixes
atomized kerosene with steam in a 1:3 ratio to enhance atomization and
improve air-fuel mixing, thereby promoting more complete combustion.
Experimental evaluation methods for atomized kerosene stoves focus
on determining their thermal efficiency, emission characteristics, and
combustion quality, often comparing them with traditional wick stoves.
The method includes the water boiling test (WBT), emission monitoring
using flue gas analyzers, and pressure-controlled combustion testing.
The oven comprises four main components: the oven chamber, kerosene
tank, pressurized tank, and burner, with volumes of 338611 cm3, 59582
cm3, 884122 cm3, and 2061 cm3, respectively. The oven is medium-sized
and intended for domestic use. The oven can bake 30 loaves of bread,
each with an area of 120 cm?2, within 35 minutes. The production cost
was N117,441.00 (approximately $87.316). The operating temperature
ranges from 180°C to 322°C. Based on the general energy equation,
the oven generated 875.237 kJ of energy comparing it with traditional
oven which has 675kj of energy and the operating temperature ranges
from 150 °C to 250 °C respectively. Performance testing confirmed
that the oven functions efficiently. It produces a stable blue flame
with minimal soot, reduces fuel consumption, enhances heat transfer,
and offers a cost-effective and cleaner baking solution, particularly in
low-resource settings.

Keywords: Atomized kerosene oven, combustion efficiency, thermal per-
formance, domestic baking technology, energy-efficient cooking systems



IITNS

nternational Journal of Technical and Natural Sciences

Introduction

Food has a close relation to people’s daily life, with significant health implications
and as such food processing is a key point in the food industry. Baking is a ma-
jor food processing method that has been practiced for ages and continues to be
relevant (Gujba et al., 2015). Baking is an energy consuming process of cooking
using dry heat to prepare food from raw staple agricultural products. In the baking
process in the oven, the raw food is converted into edible food and concurrently,
microorganisms that cause food spoilage are destroyed preserving it for a long time
(Layeni, 2016; Lefebvre, 1980) Normally, baking is carried out in an oven or by
using of a stove, but it could also be done in hot ashes or on hot stones. An oven is
an enclosed thermally insulated space or cavity used for baking, drying or heating
food (Lefebvre, 1980; Manhica et al., 2012). Fellows (Muneer & Mohamed, 2003)
indicated that the heat energy transfer across an enclosed oven is defined by a coef-
ficient dependent on the changes in temperature of surfaces. The moisture present
in the food substance instantaneously diffuses near the surfaces where it is trans-
ferred by means of convection. Moisture content is removed from food material via
continual motion of the oven ambient air (Onakoya et al., 2023). Therefore, this
study on baking ovens is vital in developing an efficient baking process leading to
an improved quality of the product with good energy efficiency.

Over the years, it has been observed that food stuff gets wasted because of lack
of good storage facilities or a device that can preserve it for a long period of time.
The locally made oven was implemented to solve this problem, but was not good
enough. The local oven, which uses wood as a source of fuel, has led to ecological
problem such as deforestation, environmental problem such as air pollution, eco-
system disruption and negative impact on climate change (Romieu et al., 2019 &
Sambo, 2019) over dependence on wood fuel as a domestic energy supply source
has worsened the deforestation rate, leading to desert encroachment, leaching
of soil as a result of wind and water erosion, reduction in the mineral contents
of the soil and also led to the absence of wind breakers in some parts of Nigeria
(Zhang & Datta, 2006). According to the International Energy Agency (Makonese
et al., 2012), the household (domestic) cooking sector is a major user of energy in
Nigeria, with about 80% of its population relying on fuel wood and charcoal for
domestic cooking and other household energy use. As reported by the Food and
Agriculture Organisation (Ogundahunsi et al., 2024), the yearly deforestation rate
is projected at around 3% yearly, equal to the depletion of 410,000 hectares of

wooded land per annum. Also, a gas oven was produced with the aim of solving this
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problem but its disadvantages include causing devastating fire outbreaks resulting
from gas leakages and being too expensive to maintain in both rural and urban
communities. The electric oven was made and imported but the interruption of
power supply in the middle of operations makes its usage ineffective. This affects
the quality of the baked or heated product and also, an electric oven consumes
more energy (Ibrahim et al., 2024), described that 26% of the Nigerian populace
use kerosene as cooking fuel comprising 48% urban and 9% rural owing to its ac-
cessibility and safety. An atomized kerosene oven can be more effective, with a
good percent of energy used for heating the food. Atomization can be defined as a
process where a volume of liquid is transformed into a multiplicity of small drops
(Garipov et al., 2025), the kerosene is naturally burned as a suspension of droplets
produced by the atomization process. In this process, the surface area of the lig-
uid is increased via vaporization making it have a bigger affinity with atmospheric
oxygen for suitable and efficient combustion. The overall kerosene stove thermal
efficiency is generally cited between 20 — 40% for wick kerosene oven but with this
oven it has well maintained pressurized stove achieving over 50%. It has flame
quality (combustion quality and emission) which produces a blue flame indicating
near-complete combustion. The pressurized stove indicates high CO2 emissions
(e.g. 2739PPm) and low carbon monoxide CO (e.g. 73PPm) under optimal high
pressure, blue flame conditions. The serpentine burner design and the use of heat
radiation shields significantly increased the efficiency by reducing thermal losses.
The kerosene stove remains popular for its economical, portability and high per-
formance in both urban and rural areas in Nigeria. The performance factors, in-
creasing cylinder pressure in pressurized stove (up to 2 bar) significantly improves
thermal efficiency and combustion quality. The limitations of the wick stove in the
market has the safety hazards of explosion from the pressure build-up, mainte-
nance nozzle can become clogged by carbon build-up (soot) if the fuel is inpume or
the combustion is not optimized. Thus, this work is aimed at designing and con-
structing a medium but efficient atomized kerosene oven that has higher thermal
efficiency with optimal performance around 2 bar (max), leading to increase flame
temperature and reduced fuel consumption. The fuel temperature at the nozzle is
critical for proper vaporization such as high efficiency and heat, less pollution and
affordability has made this oven very important over the existing oven that has
about 1 bar with lower pressures (0.2 — 0.4 bar) leading to reduced flame temper-
ature and increased fuel consumption. This kerosene burner has great advantages

over the existing oven in the market which could be used for domestic purposes.
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Materials and Methods

The selection of materials that best suit the work was duly considered considering
the desired engineering properties of the materials and their impact on the envi-
ronment and the human health. The atomized kerosene oven is capable of convert-
ing the chemical energy of the volatile substance (kerosene) into heating energy for
baking foodstuffs such as bread and cake. Various design factors were considered,
including the area of the kerosene oven (3136 cm?2), the volume of the kerosene
tank (59582 cm3) and the pressurized water tank (88412 cm3).

Design Considerations

The Design of Kerosene Tank

Kerosene tank is designed using equation (Gujba et al., 2015).

V=LBW =59582 [[cm]"3 (Gujba et al., 2015).

Where L, B, and W are the length (62 cm), breadth (31 cm), and height (31 cm) of
the tank, respectively.

The Heat Supply for Combustion of Kerosene

Heat interaction occurs across the oven via a heat source, prompting the tempera-
ture of the food to rise. It is assumed that the heat given is uniform. The quantity

of heat supply is given by equation (Layeni, 2016).
Q=MC6 =1.8432 kJ (Layeni, 2016).

where M,C,and 0 are the quantity of heat supply by kerosene,(KJ) while the mass
of Kerosene (kg), heat capacity of the kerosene (KJ/KgK), and temperature differ-
ence between the final and initial temperature (T1 — T2) (K).

Hence; Q = 0.1152 x 0.5(355-323); Q = 1.8432 KJ

Temperature of The Oven

The temperature within the oven will vary greatly depending on the amount of heat
supplied from the source. The temperature of the oven is high enough to ensure
that less time is needed to bake the food. The oven temperature can be obtained in
equation (Lefebvre, 1980).

T=T_oo+(T_0-T_oo)I*(-at) (Lefebvre, 1980).



Stephen Agbo, Olusegun David Samuel, Olufemi Bamisaye, Collins Nwakocha, Taiwo Amosun, Abayomi Layeni, Musediq Sulaiman & Ajayi Abiola Samuel
Development and Performance Study of an Atomized Kerosene Oven for domestic use in Nigeria

where T is the temperature of the oven; TO is the temperature of the oven; Teo is
the ambient temperature; £ is the index of the atmospheric temperature; - at is
the exothermic reaction; T is the baking temperature. Hence; T = 50 + (82 — 50)
£0.1296 x 30; T = 355K

Design of The Oven

In the design analysis of the oven, it will be noted that the oven is rectangular in

shape. Thus, the volume of the oven is given by equation (Manhica et al., 2012).
V =1xb xw (Manhica et al., 2012).

Where: 1= 91 cm is the length of the oven; w = 61 cm is the breadth of the oven, and
w = 61 cm is the height of the oven.

Hence, V=91 x61 x 61=338611 cm3

The area of the oven is large enough to ensure that about 30 loaves of bread, each
with an area of 120 cm2, can be baked. The volume of the oven chamber is 338611
cm3, which is the same as the volume of the oven. The area of the oven is calculated

in the analysis using equation (Muneer & Mohamed, 2003).
A = L x B (Muneer & Mohamed, 2003).
A =60x60=3600cm?2

Heat of Combustion from the Burner to the Oven

The heat transfer by convection from the design analysis is given in equation
(Onakoya et al., 2023).

0/0x (K (3T )/0x)+9/(dy ) (K (T )/dy)+3/(dZ ) (K (T )/0z)+qv= p_cp
0T/0x (Onakoya et al., 2023).

Where K = material conductivity (Wm-1K-1); q_v = the rate of energy generation
per unit volume of the medium (W.m-3); p_(cp = )the density (kgm3); c_(p = )the
specific heat capacity (Jkgk-1).

Q = hA(Ts - Tw) (Romieu et al., 2019).

Where h is the thermal conductivity of the material (W/moK); A is the area of the
section through which heat flows by conduction (m2); Ts is the initial temperature

of the oven (K); Tw is the final temperature of the oven during baking (K).

Therefore, Q =47.57 W x 0.1296 m2 x 32 k/m2K = 197.28
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Heat of Radiation from the Oven Wall to the Foodstuff

From the design analysis the heat transfer through radiation is given in equation
(Sambo, 2019).

Eb = 6AT4 (Sambo, 2019).

Where: Eb is the radiant energy for heat transmission (KJ/hr); ¢ is the dimensional
constant (Stefan-Boltzmann constant) (KJ/hr.m2T4); A is the area of the oven ex-
posed to radiant energy (m2); T is the temperature of the body (K).

Hence; Eb =5.67 x10-4 x 0.1296 (3554 — 3234) = 36.72 W.

The Heat Content of Combustion Products

The heat content of the combustion products was determined using equation
(Zhang & Datta, 2006).

Hp = Cn/V (Zhang & Datta, 2006).

Where Hp is the quantity of heat supplied with respect to the mass volume of the
kerosene (KJ/Kgm3); Cn is the calorific value of the kerosene (KJ/Kg); V is the

volume of the kerosene (m3)

Therefore, Hp = 42250 KJ/Kg /5.9582m3 = 7091.067KJ/kgm3

Unsteady Conduction of Heat from the Heating Chamber of Mild Steel of
the Oven

The unsteady conduction into the oven through the mild steel is given in equation
(Makonese et al., 2012).

Q=“KA (T-Ts)” /’dt” (Makonese et al., 2012).

Where K is thermal conductivity in W/mK; A is the area of the section through
which heat flow by conduction (m?2); T is the inner temperature of the oven (K); Ts

is the atmospheric temperature of the oven (K).

Hence, Q =-88 Wx 0.1296 m2 x 32 k/mK x 0.0015 m? = -243.30 KJ

The Heat of Conduction from Mild Steel Sheet to the Oven

The heat of conduction from mild steel sheet is given in equation (Ogundahunsi et
al., 2024).

q = k(t1-t2)/x (Ogundahunsi et al., 2024).
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Where K = the thermal conductivity of mild steel (W/mok); t1 = the final tempera-
ture of mild steel (K); t2 = the initial temperature of mild steel (K); x= the thickness
of the mild steel (m).

Therefore, g = 88 W/mk x 0.1296 m2 x 32 K/0.0015m = 243.30 KJ.

The Design of the Burner

The design of the burner is given in equation (Ibrahim et al., 2024). where the vol-

ume of the burner is:
V =nr2h (Ibrahim et al., 2024).

Where V = the volume of the burner (cm3); r = the radius of the burner (cm); and h
= the vertical height of the burner (cm)

Therefore; V = 3.142 x 42 x 41= 2061 cm®

Additionally, the surface area from the analysis is given in equation (Garipov et al.,
2025).

S =2mnr (h + r) (Garipov et al., 2025).
S=2x3142x4 (41 +4)=1131.12 cm?2.

Design of Pressurized Water Tank

The design of the pressurized water tank is described by equation (Ogundahunsi et
al., 2024). The volume is calculated as follows:

V = Hx B x W (Ogundahunsi et al., 2024).

Where H = 92 cm (length of the pressurized water tank)
B =31 cm (breadth of the pressurized water tank)

W = 31 cm (width of the pressurized water tank)
Therefore, V=92 x31 x 31= 88412 cm3

The volume of the pressurized water tank is sufficient to prevent the need for fre-

quent refilling during the baking process.

Design of Pressurized Water Tank

From the design analysis, the area of the glass fibre selected is given in equation
(Moh, 2010).
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Area = L x B (Moh, 2010).

Where: A is the area of the glass fibre (cm2); L is the length of the glass fibre (cm);
and B is the breadth of the glass fibre (cm).

Therefore, A = 91 x 61= 5551 cm?2
Also, the volume of the glass fibre selected is given in equation (Pande et al., 2024).
V =L x W x B (Pande et al., 2024).
Where W is the width of the glass fibre (cm), and B = 0.5cm. Hence; V = 2775.5 cm3

Material Selection for Insulation (Plywood)

The area of the plywood selected is calculated using equation (Smith et al., 2023).
A=LxW(@17)

A =L x W (Smith et al., 2023).

Where L is the length of the plywood (cm); and W is the width of the plywood (cm)
Hence, A =91 x61= 5551 cm?2

Also, the volume of the plywood selected is calculated using equation (Johnson et
al., 2021).

V =Lx W xB (Johnson et al., 2021).

Where W is width of the plywood (cm); B is the breadth (cm); and L is the length
(cm)

Hence, V=91 x61x1=5551 cm3

Galvanized Pipe Connecting Kerosene Tank to Burner

The volume of the galvanized pipe linking the kerosene tank to the burner is given

in equation (Gyan et al., 2025).
V = nd’L/4 (Gyan et al., 2025).

Where d is the diameter of the galvanized pipe (cm); L is the length of the galva-
nized pipe (cm). Therefore; V = 3.142 x 22 x 117/4= 367.614 cm3

The Selection of Pneumatic Pump

The pneumatic pump selected is the wheel barrow-sized pump with a capacity is
30 kgf/cm?.

©
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The Selection of Pneumatic Pump

The energy balance equation is given in equation (Sharma et al., 2025)

Q=K A +hA(T -T)+KaAa +KA, +cAT*(Sharma et al., 2025)

Q=631670 +197.28 + 243300 + 36.72 + 33.28=875.237 KJ

Materials Selected for Construction of Atomized Kerosene Oven

The design and construction of the atomized kerosene oven consist of three main

parts:(a) the chamber (b) the insulator, and (c) the casing. Key design factors were

considered in the selection of materials for these three main parts to enhance the

oven’s effectiveness, reliability, stability, workability, and sustainability. Some oth-

er components that are the atomized kerosene oven are standard parts readily

available in the market. It was realized that buying them is cheaper than produc-

ing them in-house. These components include; valve, pipes, pneumatic pump, oven

lock, hinge, galvanized steel pipe, hoist, nipple, and door handle. Table 1 presents a

summary of the materials selected for the construction of the three main sections

of the atomized kerosene oven.

Table 1

Materials selection for atomized kerosene oven components

S/N | Components | Materials selected Reason
1 The chamber | Mild Steel High thermal conductivity, Mini-
mum heat loss, toughness, low cost,
availability
2 Insulators Asbestos Low thermal conductivity, low cost,
suitability
Polystyrene Low thermal conductivity, low cost,
suitability
Low thermal conductivity, low cost,
Glass fibre suitability
3 Casing Mild Steel High Toughness, low cost, good ten-
sile strength.
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Construction Process

Fabrication of the automated kerosene oven was done at the Engineering Work-
shop of the Faculty of Engineering, Federal University of Technology, Yola, Nige-
ria. The processes involved in the manufacture of the components include marking
out, cutting, shearing, bending, drilling, welding, and grinding. Some of the tools
and equipment used include; welding machine, try square, hammer, center punch,
anvil, vice, drilling machine, mallet, shearing machine, steel rule, and hack saw.
The exploded view of the atomized oven is shown in Figure 1a, the top view of the
designed atomized oven is shown in Figure 1b, and the isometric view of the at-
omized oven is shown in Figure 1c. Based on the design specifications, pressurized
water tank stand, oven stand, and kerosene tank stand were fabricated using an
angle iron device that was cut into suitable sizes and joined together by welding

serve as support for pressurized water tank, oven, and kerosene tank.
Figure 1

Exploded view of the atomized oven (AV): (a) Top view of the AV, (b). Isometric view of
the AT, and (c) Side view of the AT

(a) (b)

PRESSURE TAME
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In the design of the atomized kerosene oven, three forms of cost were involved,

namely; material/components cost, direct labour cost, and overhead cost. The cost

of material purchased for the fabrication of the atomized kerosene oven including

bought — out component is shown in Table 2. It gives the outline of all the cost ex-

pended during the design and construction of the atomized kerosene oven. Over-

view of all the actual cost in producing the machine.

Table 2

Cost analysis of materials and bought — out component of the atomized kerosene oven.

S/N | Materials Specifications Qty. |Unit Total cost ¥)
cost (N)

1 | Mild steel sheet 3 5000 15000

2 Burner 1 5000 5000

3 Asbestos 4 1500 6000

4 Plywood 1 3000 3000

5 Angle bar 1 2500 2500

6 Square pipe 1 3000 3000

7 Packet of electrode 0.5 mm 1 4000 4000

8 Elbow union connection 2 1000 2000

9 Hinges 2 600 1200

10 | Oven door lock 1 500 500

11 | Valve 3 1200 3600

12 | Pneumatic pump Medium size (30 kgf/cm2) |1 1800 1800

13 | Paint (Ash) Dulux 1 Liter | 5000 5000

14 | Round pipe (galvanize) 2 1000 2000

15 | Nipple 3 1500 4500
Total 59100

16 | Direct Labour cost 20700

17 | Overhead cost 10200

18 | Transportation 12000

19 | Miscellaneous 15000
Total #117,000.00
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Results

Performance Tests

After the design and construction of the atomized kerosene oven, performance
evaluation was carried out to determine its functionality, as shown in Table 3. The
kerosene burner underneath the oven was wheeled out so that its burner could be
seen from the top. The stove was then lit up and positioned at the center of the
burner. As the wicks began to burn, a bluish color was noticed, signifying complete
combustion. The water in the burner changed to steam, allowing the flow of kero-
sene through the pipe for atomization, resulting in a brighter burning flame in the
oven. The oven door was opened, and the first test was ready to be conducted. The
first test involved the atomized kerosene oven with cake flour of weights: 36.05
g, 32.13 g, and 30.82 g. The weights were determined using a manual weighing
scale. The cake flour was loaded into the oven chamber, and after some time with
initial and final temperatures recorded, a baked cake was obtained. For the second
test, groundnuts of weights: 30.12 g and 32.16 g were determined using a manual
weighing scale. The groundnuts were loaded into the oven chamber, the burner
was lit up, and after some time with initial and final temperatures recorded, fried
groundnuts were obtained. Lastly, a bread measuring 120 cm?2 in a mold was load-
ed into the oven chamber, the burner was lit up, and after some time with initial

and final temperatures recorded, a baked bread was obtained.
Table 3

Results obtained in the performance test.

Test | Food Stuff | Weight (g) | Time Initial Final Result

Baked (Mins) | Temp.°C | Temp. °C

1 Cake 36.05 35 180 322 Baked cake was
32.13 30 180 322 obtained
30.82 28 180 322

2 Groundnut | 30.24 11 180 227 Fried groundnut
32.11 13 180 227 was obtained

3 Bread 36.05 35 180 322 Baked bread was
34.15 33 180 322 obtained
32.45 30 180 322
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Conclusion

The constructed atomized kerosene oven represents a serious effort to satisfy the
need for an inexpensive oven in rural areas where electricity is limited. The parts
were carefully designed to achieve the objective of an atomized kerosene oven as
stated in the introduction. In the end, it was possible to relate an efficient and
operating atomized oven. Considering the high cost of purchasing of kerosene, at-
omized kerosene is very economical because one liter of kerosene will be atomized
with about three liters of steam for fast and smokeless fuel combustion. Finally,
with the use of smokeless fuel, it saves time and energy, making it more hygienic to

bake food commodities using atomized kerosene oven.
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