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This research explores the utilization of used oil as an alternative fuel and investigates the impact of preheating on 
its performance in combustion chambers. The study employs an experimental approach to vary preheating methods, 
utilizing two models: a ring placed in the combustion chamber and a ring combined with a spiral between the inner 
and outer stove walls. A comparative analysis is conducted against conventional stoves. The investigation focuses 
on efficiency and flame temperature distribution. Results reveal that the stove incorporating the spiral-ring preheating 
model demonstrates the highest efficiency at 55.52%, marking a 9.76% increase over conventional stoves. 
Additionally, this model generates the largest average heat area and the highest temperatures, notably reaching 
1077°C, with a broader area above 1000°C compared to other models. The preheating process aids in reducing fuel 
viscosity and enhancing evaporation, facilitating a more homogeneous air-fuel mixture, thereby promoting more 
complete combustion. 
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1 INTRODUCTION 

Global energy demand continues to increase as the economy and population grow. Meanwhile, oil and gas fuel, 
which is the main source of energy for combustion, is dwindling [1–5]. Limited fossil resources and the environmental 
impact of burning have encouraged the switch to renewable energy [6]. According to the latest BP Statistical Review 
of World Energy report for 2021, global energy consumption continues to increase, with burning oil and natural gas 
as the main sources [7]. The same problem also occurs in Indonesia, where the level of energy demand is also 
increasing due to rapid economic and population growth. The main sources of energy in Indonesia are oil, gas, and 
coal [8]. It was also reported that the household sector is the second largest energy user after industry, with a total 
consumption of 1,550,332 TJ [9]. 

Considering these conditions, used oil stoves are a promising alternative in an effort to meet the increasing demand 
for combustion energy [10]. The community responded well to this opportunity, with many trying to make stoves using 
used fuel oil. Even though the stoves that are made are still less efficient, this is due to a lack of in-depth research in 
the development of this technology [11]. 

Research related to the use of used oil-fired stoves is still very limited. One of them is the research conducted by 
Pratama et al. on a cylindrical stove design with a diameter of 115 mm and a height of 290 mm. Used oil flows directly 
from the tank to the combustion chamber through a pipe, and a blower is used to push the combustion air with a 
pressure of 3.5 bar. The results showed that the resulting fire had an orange colour [12]. A study with a similar design 
was also conducted by Nugroho et al., but they varied the diameter of the nozzle or fire passage of the hob head. It 
was found that the size of the nozzle hole was 7 mm, which was the most effective and able to boil 1 l of water in 
3.21 minutes [13]. 

In another study, Dinesha et al. carried out experiments using used cooking oil as fuel in a stove. They designed a 
stove with a pressurized fuel tank that injects used cooking oil into the combustion chamber. However, the research 
results showed that combustion was not running optimally, producing red flames. The causal factors are a lack of 
adequate air supply for combustion and the need to increase turbulence in the fuel spray so that the combustion 
process can be more efficient [14]. 

Based on several studies above, it is proven that used oil can be used as an alternative fuel, although there are 
indications of relatively low efficiency, which is indicated by a red to orange flame colour. This is caused by incomplete 
combustion because used oil experiences degradation and contamination during use, such as water, solid particles, 
and unburned substances. 

For this reason, efforts are needed to make the combustion process more perfect, namely by preheating the fuel 
before it enters the combustion chamber. The preheating process for the fuel will increase the speed of the 
combustion reaction so that combustion is more complete. Therefore, design improvements are needed to improve 
the performance of the used oil stove. 
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2 MATERIALS AND METHODS   

2.1 Specifications of materials 

The stoves used in this research consisted of conventional used oil stoves and stoves with fuel preheating. Fuel 
preheating is made in two models: a ring-shaped pipe that is placed in the combustion chamber and a spiral 
combination ring-shaped pipe that is installed in a circle between the inner and outer walls of the stove. The distance 
between the burner and the load is 35 mm [15–17]. The stove models are shown in Fig. 1. 

The equipment used includes aluminum vessels, stopwatches, water thermometers (accuracy ± 0.5 oC), digital 
scales (accuracy ± 0.1 g), measuring cups, data loggers (type USB-4718, 8-ch Thermocouple USB Input Module), 
thermocouples with type K (diameter 1.6 mm and maximum temperature 1300 oC), flow meters (accuracy ± 0.01 
g), water, a camera, and used oil. The oil used is used motor vehicle oil, so it is categorized as single-use used oil. 
Used oil is taken randomly and filtered using three layers of cotton cloth before use. This filtering process is carried 
out to separate impurity particles such as dust, rust, and metal powder from the oil. The separation of solid particles 
also causes a decrease in oil viscosity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Conventional Stove; (b) Ring-Shaped Preheating Model; (c) Preheating Model Spiral combination Ring 

The dimensions of the stove are shown in table 1. 

Table 1. Dimensions of the stove tested 

No. Description Mark Unit 

1 Inner hob height 160 mm 

2 Height of the outer stove 210 mm 

3 Stove inner diameter 200 mm 

4 Outside diameter of the stove 280 mm 

5 Burner distance of Load 35 mm 

6 Burner height 125 mm 

7 Distance burner tip to stove top body 35 mm 

8 Diameter of the hole in the stove top body cover 170 mm 

9 Air passage pipe diameter 50,8 mm 

10 Diameter of the fuel pipe 13 mm 

11 Number of turns of fuel preheating pipe 2 coil 

12 Burner inner fuel pipe ring diameter 180 mmm 

13 The diameter of the hole for fuel to exit through the ring to the burner 3 mm 

14 Number of holes for fuel to exit through the ring to the burner 6 hole 

(a) 
(b) 

(c) 
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No. Description Mark Unit 

15 Air passage hole diameter: 3.5 mm 

16 Number of air passage holes 18 hole 

Based on the stove power value, which is 8.896 kW, the diameter of the vessel used is 7 W/cm2, which is 40 cm, 
with the mass of water (2/3 of the volume of the vessel) being 15.7893 kg [18-19]. Measurements carried out in this 
research include efficiency, flame temperature distribution, and exhaust emissions. 

2.2 Efficiency measurement 

Efficiency measurements are carried out using the Water Boiling Test (WBT). The process begins by turning on the 
stove for five minutes. After the fire is stable, the vessel filled with water is placed on the stove, and the measurement 
process begins. The flame is maintained at a blue level by controlling the flow meter. Water and room temperature 
data were recorded every 5 minutes until the water started to boil. Warming is continued for a total of 60 minutes. 
After that, the mass of used oil and the mass of steam lost are measured. This measurement process was repeated 
eight times. The test was carried out in a closed room with a wind barrier around the stove. Thus, the room 
temperature and air flow in the room are considered constant, so they do not affect the performance of the stove. 
Measurement installation shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a) Efficiency Measurement Installation; (b) Photo of Efficiency Measurement Installation 

To calculate the efficiency value of the stove according to the Indian Standard (IS) 4246:2002, which is with WBT. 
The measurement process is carried out by heating the water from the initial temperature to boiling, and heating is 
continued for a total of 60 minutes. Stove efficiency is obtained numerically with the equation below [15-17, 19-21]: 

𝜂𝑡ℎ =
𝛥𝐸𝐻2𝑂,ℎ𝑒𝑎𝑡 + 𝛥𝐸𝐻2𝑂,𝑒𝑣𝑎𝑝

𝐸𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑
 (1) 

𝛥𝐸𝐻2𝑂,ℎ𝑒𝑎𝑡 = 𝑚𝑤 . 𝐶𝑝𝑤(𝑇𝑤𝑓 − 𝑇𝑤𝑖) (2) 

𝛥𝐸𝐻2𝑂,ℎ𝑒𝑎𝑡 = 𝐶𝑝𝑤(𝑚𝑤𝑖 −𝑚𝑝)(𝑇𝑤𝑓 − 𝑇𝑤𝑖) (3) 

(a) 

(b) 
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(b) 

𝛥𝐸𝐻2𝑂,𝑒𝑣𝑎𝑝 = 𝑚𝑢. 𝐻 (4) 

𝐸𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 = 𝑚𝑓 . 𝐸𝑂𝑖𝑙 (5) 

𝜂𝑡ℎ =
{(𝑚𝑤𝑖 −𝑚𝑝)𝐶𝑝𝑤(𝑇𝑤𝑓 − 𝑇𝑤𝑖) + 𝑚𝑢. 𝐻𝑢}

𝑚𝑓 . 𝐸𝑂𝑖𝑙
 (6) 

 

Where  (%) is the efficiency of the stove, ΔE H2O,heat (kJ) is the energy to heat the water, ΔE H2O,evap (kJ) is the energy 
to evaporate the water, Ereleased (kJ) is the energy provided by the fuel, mw (kg) is the mass of water, Cpw (kJkg-1K- 1) 
is the specific heat of water, Twf (K) is the temperature of the water after treatment, Twi (K) is the temperature of the 
water before treatment, mwi (kg) is the mass of the water and vessel before treatment, mp (kg) is the mass of the 
vessel, Twf (K ) is the water temperature after treatment, Twi (K) is the water temperature before treatment, mu (kg) is 
the mass of steam after treatment, Hu 2,260 kJ/ kg [19] is the latent heat of water vaporization, mf (kg) is the mass 
of fuel used after treatment, Eoil 44,735 kJkg-1 [1] is the net calorific value of oil.  

2.3 Measurement of temperature distribution 

Fig. 3a shows the installation for measuring the isothermal temperature distribution of a fire. Temperature distribution 
measurements were carried out on conventional stoves and stoves with preheating [15-17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. (a) setting the fire temperature distribution measurement; (b) measurement position points; and (c) 
thermocouple mounting 

Measurements from points on the outer side use 6-channel thermocouples and shift them towards the axis line at 
5 mm intervals until data is obtained totaling 6 x 25 points (150 points), as shown in Fig. 3b. Data collection at each 
point was carried out 25 times. Then the average temperature reading results were visualized by using Matlab to 
get the temperature distribution contour. 

To ensure the accuracy of the thermocouple position, the six thermocouple rods are arranged parallel with a distance 
of 5 mm each and clamped to a rigid manganese plate mounted on a metal ring. The position of this metal ring can 
be adjusted horizontally along the installed measuring rod. To keep its position fixed, the metal ring is locked at each 
horizontal measurement point, as shown in Fig. 3c. 

(a) 
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3 RESULTS AND DISCUSSION 

3.1 Efficiency measurement 

Measurements of fuel consumption, steam production, and efficiency were carried out on conventional stoves, stoves 
with ring preheating, and stoves with spiral combination ring preheating. A stove with ring preheating is a stove with 
a fuel pipe that has a ring or circular end and is installed in the combustion chamber. Several holes are made in the 
inner wall of the ring to channel fuel from the pipe to the combustion chamber. With ring-shaped preheating, it can 
increase the heat contact surface area between the fuel flow rotating in the ring and the flame in the combustion 
chamber. Meanwhile, stoves with spiral combination ring preheating have ring-shaped preheating, as mentioned 
above, combined with a spiral, namely the fuel pipe, before entering the combustion chamber, which is installed in a 
circle between the inner and outer walls of the stove. This model can increase the heat contact surface area between 
the fuel pipe and the stove wall, thereby increasing the temperature of the fuel before it enters the combustion 
chamber.  

Preheating used oil can cause some changes to its physical properties. The viscosity of used oil will decrease with 
increasing temperature. Used oil with low viscosity will be easier to atomize and mix with air, resulting in more 
complete combustion. The colour of the used oil will also become darker or blackish due to the decomposition of 
organic compounds during heating. In addition, the flash point of used oil will decrease with increasing preheating 
temperatures, making it more easily flammable. Based on this description, the properties of the oil before and after 
preheating can be seen in table 2 [22-24]. 

Table 2. Properties of used oil before and after preheating 

Characteristic 
Before 

preheating 
After 

preheating 
Explanation 

Colour Dark chocolate Blackish brown 
The colour of used oil becomes darker black due to 
oxidation and degradation of organic compounds. 

Viscosity High Low 
The viscosity of used oil decreases because long 

hydrocarbon chains are broken down into shorter chains. 

Flash point ~200°C ~150°C 
The flash point of used oil decreases to around 150°C due 

to the formation of more flammable compounds. 

Burn Point ~250°C ~180°C 
The burn point of used oil decreases to around 180°C due 

to the formation of more flammable compounds. 

The efficiency measurement results are shown in Fig. 4. 
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Fig. 4. Diagram of measurement results with variations in fuel preheating: (a) oil consumption; (b) steam production; 
and (c) efficiency 

Based on the diagram in Fig. 4, it can be seen that conventional stoves produce the lowest performance compared 
to other variations. Conventional stoves produce the highest fuel consumption of 0.265 g/s (Fig. 4a), the lowest 
steam production of 1.801 g/s (Figure 4b), and the lowest efficiency of 45.76% (Figure 4c). In a conventional stove, 
air and fuel are flowed separately into the combustion chamber without going through a preheating process. Air and 
fuel are only mixed in the combustion chamber and undergo a heating process after the initial ignition process has 
been carried out in the combustion chamber. This process has a negative impact on combustion results by reducing 
efficiency and increasing pollutant emissions, which in turn makes a negative contribution to system performance 
and environmental impacts [25-26]. 

Stoves with ring-shaped preheating produce higher performance than conventional stoves but lower than 
preheating with a combination of rings and spirals. The resulting fuel consumption was 0.247 g/s (Fig. 4a), 
production was 1.859 g/s (Fig. 4b), and efficiency was 50.28% (Fig. 4c). This efficiency value increases by 4.52% 
compared to conventional stoves. 

Meanwhile, for stoves with preheating, a combination of rings and spirals produces the best system performance 
compared to other variations. This preheating model produces fuel consumption of 0.230 g/s (Fig. 4a), steam 
production of 1.921 g/s (Fig. 4b), and an efficiency of 55.52% (Fig. 4c). Efficiency increases by 5.24% compared to 
stoves with ring preheating and 9.76% compared to conventional stoves. 

This happens because, by preheating, the speed of the chemical reaction results in more complete combustion and 
reduces the formation of harmful nitrogen oxides (NOx). Preheating also helps produce cleaner combustion, reduce 
exhaust emissions, and optimize fuel use. This not only increases energy efficiency but also reduces the 
environmental impact of the combustion process [27–30]. 

3.2 Measurement of temperature distribution 

The purpose of this measurement is to determine and strengthen the experimental results related to the preheating 
process in the fuel pipe, namely in the form of isothermal flame temperature distribution. To visualize temperature 
distribution data, we used Matlab R2010a. Temperature distribution measurements were carried out on all variations 
of the stove tested and given a load in the form of a vessel filled with water.  

The visualization results of temperature distribution measurements on conventional and preheating stoves are 
shown in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Stove flame temperature distribution: (a) conventional; (b) ring preheating; (c) ring-spiral combination 
preheating 

Based on Fig. 5a, it is found that the conventional stove produces the lowest temperature of 346 °C and the highest 
of 1028 °C. Based on this figure, it can be seen that conventional stoves produce a relatively low average temperature 
at each distribution point, as well as a relatively small high temperature area above 1000 °C. This is because the air 
and fuel enter the combustion chamber at a relatively low temperature, so the combustion process is not efficient 
enough to reach the optimal combustion temperature [31-32]. 

(a) (b) 

(c) 
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For Fig. 5b, by using ring-shaped preheating, it was found that the lowest temperature was 382 oC, an increase of 
36 oC and the highest was 1053 oC, 25 oC higher than a conventional stove. Based on this picture, it can be seen 
that the high temperature area above 1000 oC is much wider than a conventional stove. 

Meanwhile, based on Fig. 5c, it is found that the lowest temperature of 397 oC is higher at 15 oC and 51 oC, 
respectively, compared to stoves with ring-shaped preheating and conventional stoves. Meanwhile, the highest 
temperature of 1077 oC is 24 oC and 49 oC higher, respectively, compared to stoves with ring-shaped preheating and 
conventional stoves. Based on this figure, it can also be seen that the high temperature area above 1000 oC is much 
wider than conventional stoves and stoves with ring-shaped preheating. The preheating effect on the fuel causes the 
combustion process to be more complete, resulting in a more even flame temperature distribution. This can reduce 
temperature fluctuations and increase combustion efficiency [33-34]. 

4 CONCLUSIONS 

Based on the experimental results, it was found that the preheating of the fuel had an effect on the efficiency and 
temperature distribution of the resulting flame. It was found that the stove with preheating in the form of a spiral 
combination ring produces the highest efficiency value of 55.52%, which is an increase of 9.76% compared to a 
conventional stove. 

Meanwhile, for the flame temperature distribution, it was also found that preheating in the form of a spiral combination 
ring produced the largest heat area and the highest temperature compared to other variations, with the highest 
temperature value of 1077 oC.  

This happens because, with preheating, the speed of the chemical reaction produces more complete combustion, so 
heat efficiency increases. 
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