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The research aims to analyze and reveal combustion characteristics in a Cylindrical Meso Scale 

(CMS) Combustor with a wire mesh flame holder as a reference for designing a compact, 

efficient, and high-density energy source for future vehicles. This experiment analyzes the 

combustion phenomenas’s of a butane gas (C4H10)-air mixture in a cylindrical meso-scale 

(CMS) combustor with the addition of wire mesh flame holder on the stability of the 

combustion flame, as initiation of future vehicle energy source. The diameter of the CMS 

combustor with wire mesh flame holder is varied to give an idea of the effect of heat loss on 

the combustion flame's characteristics. The results show that the wire mesh as a flame holder 

is essential in the combustion stabilization mechanism. A stable flame can be stabilized in a 

CMS combustor with wire mesh. Variations in the diameter of the CMS combustor will result 

in variations in the surface-to-volume ratio, heat loss, and contact area of the wire mesh flame 

holder. At a large diameter, it produces the characteristics of a combustion flame with a more 

stable flame stability limit than a smaller diameter, a dimmer flame visualization than a smaller 

diameter at the same air and fuel discharge, a more distributed flame mode map area than the 

smaller diameter, lower flame temperature and combustor wall temperature than the smaller 

diameter, and relatively higher energy output than the smaller diameter. 

Keywords: CMS combustor; Flame holder; Flame stability; Future vehicle energy source; Wire 

mesh 

1. Introduction 

A compact, efficient, and high-density energy 

source is crucial for converting conventional and 

electric/smart vehicles and driving future energy 

sources [1]–[3]. Batteries have long been expected 

to fulfill this role. However, their development 

faces significant obstacles, including low energy 

density, prolonged recharging times, and 

environmental concerns about battery waste [4]–

[6]. In line with this, the miniaturization of energy 

generation from combustion results on a small 

scale (micro/meso-scale combustion) known as a 

Micro Power Generator (MPG) in the application 

of Micro-Thermophotovoltaic technology has the 

potential to be developed as a compact, efficient, 

and high-density energy source. MPG takes 

energy from a highly efficient combustion process 

at the micro/meso scale as a source of energy 

production to drive MPG, which has many 

advantages over batteries [7], [8]. The results 

obtained by the energy density produced by 

burning hydrocarbon fuel to drive MPG are more 

significant than the results of the battery chemical 

process [9]. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index
http://creativecommons.org/licenses/by-nc/4.0/
mailto:andisanata@unej.ac.id
https://doi.org/10.31603/ae.10715


© Andi Sanata et al. 

Automotive Experiences  98 
 

The MPG system design is composed of a 

micro/meso-scale combustor as a converter of fuel 

chemical energy into heat energy and a module 

for converting heat energy into electrical energy, 

namely Micro-Ther mophotovoltaic Power 

Systems [10]. Micro/meso-scale combustor, as the 

main component of MPG, plays an essential role 

in supporting the system to produce a stable flame 

during combustion. The combustion required for 

MPG to release the energy bound in the fuel 

requires unique criteria, namely that combustion 

is carried out in micro/meso scale volume control. 

Because the size is tiny, using micro/meso scale 

combustors faces many difficulties in obtaining 

flame stability [11].  

Previous research indicates that reducing the 

combustor's size increases the heat loss ratio due 

to the high surface-to-volume ratio of the 

micro/meso-scale combustor. This condition 

causes an unstable flame due to thermal 

quenching around the combustor walls and 

increased heat loss on the combustor walls, thus 

triggering fire extinguishing [12]. The short 

residence times and inadequate reaction times can 

make the condition worse [13]. Researchers have 

devised different treatments for small-scale 

combustors to improve flame stability. These 

include using external heating [14]–[16], heat-

recirculating [17]–[19] porous media [20], [21], 

catalytic materials [22]–[24], bluff body [25], 

Biogas as fuel [26], flame holder [27], and using  

backward-facing step flame holder [8], [28]. The 

use of a backward-facing step as a flame holder in 

a micro/meso-scale combustor can increase the 

stability of the combustion flame. Increasing the 

diameter of the combustion chamber of a micro- 

or meso-scale combustor with a backward-facing 

step flame holder will increase reactant mixing 

and reduce heat loss, thereby increasing the 

stability of the combustion flame. Increasing the 

size of the backward-facing step on a micro/meso-

scale combustor with a backward-facing step 

flame holder at a constant diameter of the 

micro/meso-scale combustor combustion 

chamber will reduce the stability of the 

combustion flame. Increasing the size of the 

backward-facing step causes an increase in the 

recirculation flow, reactant inlet velocity, velocity 

gradient, and shear stress, which have an essential 

influence on flame stability. The large reactant 

inlet velocity, shear stress, and recirculation flow 

tend to make the flame exit, causing heat transfer 

from the flame to the combustion chamber walls, 

which extinguishes the flame. The flame 

stabilization mechanism through flow 

recirculation is reduced due to the high reactant 

inlet velocity and shear stress effects. The flame 

can be stabilized backward-facing step at a small 

backward-facing step. The small backward-facing 

step stabilizes the flame through a heat recovery 

mechanism and flow recirculation that acts as a 

flame holder in the cylindrical mesoscale 

combustion chamber [29].     

The idea used to stabilize the flame in this 

research is to create a CMS combustor passage 

with a wire mesh flame holder. Wire mesh is one 

type of flame holder that will be researched and 

used in CMS combustion chambers to increase the 

stability of the combustion flame. Wire mesh as a 

flame holder is like a filter in the middle of the 

CMS combustor path. Wire mesh can recirculate 

heat (heat recirculation) from the flame to the 

reactants (preheating) through conduction on the 

combustion chamber walls. The heat generated 

from the combustion process is partly convected 

to the walls of the combustion chamber. Some of 

the heat is convected into the environment as heat 

loss, and the remainder is channeled to the 

upstream walls of the combustion chamber. Some 

of the heat that flows to the walls of the 

combustion chamber is then convected into the 

reactant flow for the initial heating process of the 

reactants, and the other part is flowed to the wire 

mesh. The hot part that flows through the wire 

mesh is also convected to the reactants for further 

preheating, or if the temperature of the wire mesh 

is high enough, it can also function as an igniter. 

The wire mesh on the combustor is expected to be 

able to function as a flame holder and increase 

recirculation of fuel-air flow and heat flow from 

the flame to the reactants so that better flame 

stability is obtained. This research aims to obtain 

the combustion characteristics of a CMS 

combustor with a wire mesh flame holder to 

obtain a compact, efficient, and high-density 

energy source device as the initiation of a future 

vehicle energy source. 

 

2. Methods 

Figure 1 depicts the testing equipment utilized 

in this study. The fuel employed is butane gas 

(C4H10), and air is the oxidizing agent. The fuel 

supply is pressurized, and its flow rate is 
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determined through a flowmeter designed for 

butane gas (Kofloc, RK 1250, maximum flow rate: 

20 mL/min). On the other hand, the air supply is 

sourced from an air compressor, and its flow rate 

is measured via a flowmeter for air (Kofloc, RK 

1250, maximum flow rate: 500 mL/min). 

The geometric details of a CMS combustor 

with a wire mesh flame holder are shown in 

Figure 2 and Figure 3. The combustor is made of 

copper at the inlet and pyrex glass tube at the 

outlet, with wire mesh 60 stainless steel SUS 

304. The diameter of the combustor is varied to 

obtain the value of the surface-to-volume ratio, 

which can affect the flame stability on a CMS 

combustor. Surface-to-volume ratio values can 

be seen in Table 1. 

 

 
Figure 1. Schematic test equipment 

 
Table 1. Variations in the size of the combustor geometry 

Diameter (D)  

mm 

Length (L)  

mm 

Surface (S)  

mm2 

Volume (V)  

mm3 

S/V 

4 10 125.60 125.60 1.00 

5 10 157.00 196.25 0.80 

6 10 188.40 282.60 0.67 

 

 
Figure 2. Schematic of a CMS combustor with wire mesh 
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Figure 3. Schematic three dimensions of a CMS combustor (units in mm) 

 

The fuel supply to the combustor is facilitated 

through a pressurized tube, while an air 

compressor provides air. A Kofloc RK 1250 

flowmeter regulates the butane gas and air flow 

rates, measuring between 2-20 and 50-500 

mL/min, respectively. The fuel and airflow rates 

can be adjusted within the minimum and 

maximum values to maintain a stable flame in the 

combustor. Before entering the combustion 

chamber, the air and fuel are mixed to create a 

premixed mixture. The lighter on the combustor's 

rim is then utilized to ignite the premixed mixture, 

which propagates and stabilizes within the 

combustion chamber at the allowable air and fuel 

flow rate. If the air and fuel flow rate falls outside 

the specified range, the flame may go out, 

flashback, or blow off. 

The flame was photographed using a digital 

camera, capturing the combustor's front and side 

views. The Flame was analyzed and classified into 

several modes, including Flame at the combustor 

rim, Flame in the combustor, Flame near the mesh, 

Flashback, and No ignition. Flame mode was 

presented in a graph showing the reactants' flow 

rate, helping to obtain flame mode maps. 

Type K thermocouple with a temperature 

range of -50 °C to 1300 °C and a data logger are 

used to obtain flame and combustor wall 

temperature readings. The thermocouple is 

placed in the combustion chamber to measure 

flame temperature and on the combustor wall to 

measure the combustor wall temperature, as 

shown in Figure 4. The reading results are 

processed to calculate energy, which is then used 

to analyze heat loss caused by variations in the 

diameter of the combustion chamber. 

3. Result dan Discussion 

Figure 5 shows a graph of the flame stability 

limit of the combustion of premixed butane and 

air in a CMS combustor with variations in the 

diameter of the combustor. The flame stability 

limit indicates that the flame can burn stably at a 

position close to the wire mesh (or at a distance of 

≤ 1 mm from the wire mesh). 

Figure 5 shows that the lowest equivalence 

ratio (ϕ) for a combustor diameter of 4 mm is 0.67 

with a reactant velocity (v) of 29.08 cm/s, and the 

highest equivalence ratio is 1.43 with a reactant 

velocity of 17.28 cm/s. While the lowest 

equivalence ratio at a 5 mm combustor diameter 

was 0.58 with a reactant velocity of 21.16 cm/s, the 

highest equivalence ratio was 1.44 with a reactant 

velocity of 18.53 cm/s. Furthermore, the lowest 

equivalence ratio at a 6 mm combustor diameter 

is 0.56 with a reactant velocity of 19.01 cm/s, and 

the highest equivalence ratio is 1.62 with a 

reactant velocity of 11.45 cm/s. 

Figure 5 shows that the combustor diameter of 

6 mm produces the most extensive range of 

interval equivalence ratios compared to the 

diameters of 4 mm and 5 mm. The smaller the 

diameter of the combustor with a constant length, 

the greater the surface-to-volume ratio, so the heat 

loss that occurs increases [30]. Increased heat loss 

can reduce the stability of the flame. Wire mesh as 

a flame holder can increase the stability of the 

flame. The larger the cross-section of the 

combustor, the greater the contact area of the wire 

mesh used. The larger the contact area of the wire 

mesh will increase the preheating of the reactants. 

So that the greater the contact area of the wire 

mesh will increase the stability of the flame. This 
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Figure 4. Schematic of temperature-taking 

 

 
Figure 5. Flame stability limit for variations in diameter of CMS combustor 

 

analysis is grounded on earlier investigations on 

burning crude vegetable oil set alight using a coil 

heater powered by electricity [31]. The current 

research aims to provide a fresh viewpoint on the 

subject matter [32], [33]. The combustor diameter 

of 6 mm produces combustion with a minor heat 

loss because the combustor diameter of 6 mm has 

a minor surface-to-volume ratio compared to the 

diameters of 4 mm and 5 mm. The combustor 

diameter of 6 mm has the most prominent wire 

mesh contact area. This results in preheating the 

reactants occurring higher than the combustor 

diameters of 4 mm and 5 mm. Therefore, the 

combustor diameter of 6 mm produces the most 

expansive flame stability limit area with the 

lowest heat loss compared to the 4 mm and 5 mm 

combustor diameters. 

CMS combustor of varied diameters was used 

to burn the butane-air mixture, and the resulting 

flame is visualized in Table 2. The flame exhibited 

stable modes in different locations, such as at the 

edge, near the mesh, and inside the combustor. 

Table 2 shows several flame mode conditions that 

are formed at the same equivalence ratio for each 

flame mode as a comparison of the visualization 

of the flame that occurs with variations in the 

diameter of the combustor. Table 2 shows that the 

different diameters of the combustor produce 

different flame modes with the same equivalence 

ratio for each of the conditions in which the flame 

mode is formed. Variations in the diameter of the 

combustor cause the difference in flame mode 

[34], [35]. Variations in combustor diameter can 

result in differences in reactant flow rates, heat 

loss, and differences in the intensity of preheating 

of the fuel by the wire mesh in each diameter 

variation. The larger diameter of the combustor 

will decrease the speed of the reactants and 

increase the fuel residence time [36], [37]. When 

the speed of the reactants decreases, the reactants 

to supply the combustion reaction decrease and 

cause the flame to become thinner. Flame mode 

stable flame at the combustor rim for a combustor 

diameter of 4 mm produces a thicker and brighter 

flame shape. Then the more significant the 

diameter of the combustor, which is 5 mm and 6 

mm, the shape of the flame is getting thinner and 

dimmer. This phenomenon occurs due to the 
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reactants' decreasing velocity and inadequate fuel 

preheating; the present analysis builds upon prior 

research from diverse perspectives, incorporating 

technical intricacies [38]. If the contact area of the 

wire mesh increases, but the speed of the reactants 

decreases, then the preheating temperature of the 

reactants will decrease due to the spreading heat, 

resulting in inadequate preheating of the reactants 

[39]. 

Furthermore, flame mode stable flame near the 

mesh is formed with the position of the flame 

attached to the mesh with a distance of ≤ 1 mm. As 

seen in Table 2, the flame tends to be thicker for a 

flame near the mesh diameter of 4 mm. At 5 mm 

and 6 mm in diameter, the shape of the flame gets 

thinner and dimmer. This phenomenon occurs 

due to the reactants' decreasing velocity and 

inadequate fuel preheating. 

 
Table 2. Flame visualization for various diameters of CMS combustors 

No 
Flame 

Mode 
Diameter 4 mm Diameter 5 mm Diameter 6 mm 

1. Stable 

flame at the 

combustor 

rim 

ϕ = 1.41 

v = 10.61 cm/s 

ϕ = 1.41 

v = 6.79 cm/s 

ϕ = 1.41 

v = 4.71 cm/s 

   
Side view RGB (%): 17.12; 

31.46; 51.42 

Side view RGB (%): 20.85; 

30.38; 48.77 

Side view RGB (%): 21.75; 

29.60; 48.64 

   
Front view RGB (%): 23.47; 

33.41; 43.11 

Front view RGB (%): 27.88; 

32.59; 39.52 

Front view RGB (%): 28.71; 

32.32; 38.96 

2. Stable 

flame in the 

combustor 

ϕ = 0.73 

v = 36.48 cm/s 

ϕ = 0.73 

v = 35.87 cm/s 

 

  

 

Side view RGB (%): 

42.47; 28.43; 29.09 

Side view RGB (%): 

45.52; 28.35; 26.12 

 

  

 

Front view RGB (%): 

31.39; 25.92; 42.75 

Front view RGB (%): 

38.15; 25.85; 35.92 

 

3. Stable 

flame near 

the mesh 

ϕ = 1 

v = 40.91 cm/s 

ϕ = 1 

v = 26.18 cm/s 

ϕ = 1 

v = 18.18 cm/s 

   
Side view RGB (%): 

23.56; 31.16; 46.81 

Side view RGB (%): 

24.39; 31.06; 45.36 

Side view RGB (%): 

25.07; 28.12; 44.44 

   
Front view RGB (%): 

22.07; 29.65; 48.27 

Front view RGB (%): 

26.65; 25.18; 48.16 

Front view RGB (%): 

34.47; 22.04; 43.48 
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The stable flame mode in the combustor 

occurs when the flame is situated within the 

reaction zone at a distance greater than 1 mm 

from either end of the combustor. When the 

combustor diameter is 4 mm, the flame 

position tends to be further from the mesh. As 

the diameter increases to 5 mm, the flame 

moves closer to the mesh. However, at a 

diameter of 6 mm, the reactants' velocity 

decreases, and there is insufficient fuel 

preheating, resulting in no flame in the 

combustor. 

Figure 6 to Figure 8 depict flame mode maps for 

the combustion of a premixed butane-air mixture 

in a CMS combustor. These maps show variations 

in combustor diameter and detail the reactant 

flow velocity to equivalence ratio (v-ϕ) of the 

different flame modes of combustion. The maps 

cover different fuel-air mixture equivalence ratio 

ranges and possible reactant flow rates. Figure 6 to 

Figure 8 illustrates the areas where stable flame 

modes occur at the combustor rim, steady flame 

in the combustor, stable flame near the mesh, and 

flashback. 

 

 
Figure 6. Flame mode map for 4 mm diameter combustor 

 

 
Figure 7. Flame mode map for 5 mm diameter combustor 
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Figure 8. Flame mode map for 6 mm diameter combustor 

 

Flame mode maps formed on the v-ϕ graph 

vary according to the flow velocity of reactants 

and equivalence ratio for each variation in the 

diameter of the CMS combustor, as shown in 

Figure 6 to Figure 8. These maps indicate five 

characteristic flame mode areas: stable flame at 

the combustor rim, steady flame near the mesh, 

stable flame in the combustor, flashback, and no 

ignition at the reactant flow velocity to the 

equivalence ratio (v-ϕ). The combustor's diameter 

and the wire mesh's contact area affect the 

occurrence of these flame modes. Variations in 

flow velocity of the reactants, heat loss due to 

combustor diameter changes, and reactant 

preheating due to wire mesh contact area changes 

form different flame mode maps at the same 

equivalence ratio for each combustor diameter . 

Flame mode distribution on the map increases 

with larger combustor diameters. Flame modes 

with no ignition and flashback are not desirable 

during heat generation from a CMS combustor. 

Figure 6 to Figure 8  explain the process during 

operation, and combustor diameter selection can 

be made based on these flame mode maps. The 4 

mm and 5 mm diameters are the most exciting 

conditions because they exhibit various flame 

behaviors (more variation than the 6 mm 

diameter). 

The data in Figure 6 to Figure 8  shows that a 

stable flame can be formed at the rim of the 

combustor. This happens in all variations of the 

combustor's diameter under different conditions 

like low and high reactant velocities and 

equivalence ratios. However, the ambient air 

condition affects the equivalence ratio, making the 

flame poorer and less effective when expelled 

through the combustor channel. When the 

combustor diameter is smaller, the flame becomes 

more elongated and pushed towards the 

combustor rim [40]. For high reactant velocities, 

the flame drifts along the combustor rim. A stable 

flame at the combustor rim is also formed under 

different conditions, such as low and high 

equivalence ratios for low and high reactant 

velocities. Notably, flames with low and high 

equivalence ratios can burn stably at high reactant 

velocities and continue to burn on the combustor 

rim. This happens due to the effect of 

environmental air diffusion [41]. 

Additionally, alterations in the flow rate of the 

reactants and equivalence ratio can result in a 

transition of the flame to a stable flame mode close 

to the mesh. The stable flame mode is situated 

firmly and adheres to the wire mesh area. 

Combustors with diameters of 4 mm, 5 mm, and 6 

mm are capable of producing a stable flame near 

the mesh due to the formation of a flat area 

between the velocity of the reactants and the 

stability of the flame. For the stable flame area 

close to the mesh, the lowest equivalence ratio at 
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a 4 mm combustor diameter was 0.67 with a 

reactant speed of 29.08 cm/s, while the highest 

equivalence ratio was 1.43 with a reactant speed 

of 17.28 cm/s. Similarly, at a 5 mm combustor 

diameter, the lowest equivalence ratio was 0.58 

with a reactant speed of 21.16 cm/s, while the 

highest equivalence ratio was 1.44 with a reactant 

speed of 18.53 cm/s. 

Furthermore, at a 6 mm combustor diameter, 

the lowest equivalence ratio was 0.56 with a 

reactant speed of 19.01 cm/s, while the highest 

equivalence ratio was 1.62 with a reactant speed 

of 11.45 cm/s. These outcomes indicate that a 

stable flame near the mesh can occur at an 

equivalence ratio of 1 and in the surrounding area 

that is not too fuel-rich or too fuel-poor. However, 

flashback will occur at an equivalence ratio of 

around one and at a reactant velocity that is too 

low [42]. If the reactant velocity is too high, it can 

cause the flame to enter the stable flame in the 

combustor or the steady flame at the combustor 

rim mode.Combustor diameters of 4 mm, 5 mm, 

and 6 mm, respectively, resulting in a high flame 

area of the stable flame near the mesh. The larger 

the diameter of the combustor causes a stable 

flame near the mesh to form in areas where the 

reactant velocity tends to be low [43]. The results 

of this study indicate that the flame area of a stable 

flame near the mesh of combustor diameters of 4 

mm, 5 mm, and 6 mm can be formed at the lowest 

speed, respectively, namely: 16.41 cm/s, 13.20 

cm/s, and 9.20 cm/s. However, the results of this 

study also show that the fluctuation of the highest 

reactant velocity ratio is in the area of the stable 

flame near the mesh. The highest reactant velocity 

in the stable flame near the mesh combustor 

diameter of 4 mm was 45.69 cm/s, the 5 mm 

combustor diameter was 52.35 cm/s, and the 6 mm 

combustor diameter was 36.56 cm/s. These 

fluctuations are caused by a decrease in heat loss 

and an increase in the preheating intensity of the 

fuel at a combustor diameter of 5 mm. Even 

though it is affected by the decreasing speed of the 

reactants, the speed is not proportional to the 

decreased heat loss and the increased preheating 

intensity of the fuel. 

Futthermore, a steady flame is formed in the 

combustor channel during combustor mode, 

which is stable in the fuel-poor equivalence ratio 

region and the medium to high reactant velocity 

region for diameters of 4mm and 5mm. The 

flame's stability depends on the combustor's 

diameter, as larger diameters lead to slower 

reactant velocities and more stable flames. 

However, if the speed of the reactants is too low, 

the steady flame in combustor mode may not be 

formed; instead, the flame remains stable near the 

mesh mode [44].  

Meanwhile, Figure 9 and Figure 10 depicts a 

graph that illustrates the variations in 

temperature between the flame and the 

combustor walls during the combustion of a 

premixed butane and air mixture in a CMS 

combustor for different combustor diameters. The 

graph shows the flame's temperature and the 

combustor wall's temperature for three variations 

of the combustor diameter at an equivalence ratio 

of 1 and with possible reactant flow rates. The 

graph provides details of the temperature 

variation concerning the diameter of the 

combustor in the flame mode stable flame near the 

mesh condition. 

Figure 11 shows a graph of the energy output of 

butane and air combustion in a CMS combustor 

with variations in the size of the combustor 

diameter. The energy output is detailed in the 

energy-to-diameter graph for the flame mode 

stable flame near the mesh conditions for three 

different combustor diameters at an equivalence 

ratio of 1 and the possible reactant flow rates. 

As seen in the graph in Figure 9, a combustor 

diameter of 4 mm produces a flame temperature 

of 1066.30 °C, a combustor diameter of 5 mm 

produces a flame temperature of 1094.90 °C, and 

a combustor diameter of 6 mm produces a flame 

temperature of 972.05 °C. Meanwhile, in the 

graph in Figure 10, a combustor diameter of 4 

mm produces a wall temperature of 324.33 °C, a 

combustor diameter of 5 mm produces a wall 

temperature of 335.34 °C, and a combustor 

diameter of 6 mm produces a wall temperature 

of 301.14 °C. Then in Figure 11, a combustor 

diameter of 4 mm produces an energy output of 

12175.12 J/s, a combustor diameter of 5 mm 

produces an energy output of 14697.88 J/s, and 

a combustor diameter of 6 mm produces an 

energy output of 14938.39 J/s. The flame's 

temperature and the combustor wall 

temperature were taken for variations in 

combustor diameter of 4 mm, 5 mm, and 6 mm 

at the same flow rate, namely: air discharge 9.69 

ml/min and fuel 298.63 ml/min. 
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Figure 9. Flame temperature for variations in diameter of CMS combustor 

 

 
Figure 10. Combustor wall temperature for various CMS combustor diameters 

 

 
Figure 11. Energy output for varying the diameter of a CMS combustor 
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Figure 9 to Figure 11 shows that different 

combustor diameters produce different flame 

temperatures, combustor wall temperatures, and 

energy output with the same equivalence ratio for 

each variation of combustor diameter. Differences 

in temperature and energy output are caused by 

combustor and wire mesh diameters, resulting in 

differences in reactant flow rates, heat loss, and 

fuel preheating intensity in each variation of 

combustor diameter. 

As seen in Figure 9 and Figure 10, there is an 

increase in flame temperature and combustor wall 

temperature from 4 mm to 5 mm diameter of the 

combustor. The temperature increase is due to 

decreased heat loss and increased fuel preheating 

intensity. Even though it is influenced by the 

decreasing velocity of the reactants so that it can 

reduce the temperature of the flame and the 

temperature of the combustor wall, the speed of 

the reactants is not proportional to the decreased 

heat loss and the increased preheating intensity of 

the fuel [36], [45]. While the temperature of the 

flame and the temperature of the combustor wall 

from 5 mm to 6 mm diameter of the combustor 

decreased. The decrease in temperature is caused 

by the speed of the reactants, which is lower than 

the diameter of 4 mm to 5 mm. Even though the 

heat loss decreased and the preheating intensity of 

the fuel increased from a combustor diameter of 5 

mm to 6 mm, this was not proportional to the 

decreased reactant velocity. 

Seen in Figure 11 shows a graph of energy 

output. Similar to the increase in flame 

temperature and combustor wall temperature 

from 4 mm to 5 mm diameter of the combustor, 

the energy output in the combustor diameter has 

also increased due to decreased heat loss and 

increased preheating intensity of the fuel. 

However, in contrast to the temperature of the 

flame and combustor wall temperature, which 

decreased from 5 mm to 6 mm in diameter, the 

energy output in the combustor diameter 

experienced a less significant increase than the 

increase in energy output in the 4 mm to 5 mm 

combustor diameter. This happens because 

calculations prove that the smaller the diameter of 

the combustor with a constant length, the greater 

the surface-to-volume ratio so that the heat loss 

that occurs increases and vice versa. This also 

indicates that there is a possibility of a decrease in 

energy output at combustor diameters > 6 mm due 

to the effect of reactant velocity, which dominates 

rather than the effect of heat loss and the intensity 

of preheating of the fuel. 

 

4. Conclusion 

Wire mesh, as a flame holder, is essential in the 

combustion stabilization mechanism. A stable 

flame can be stabilized in a CMS combustor with 

a wire mesh flame holder. Increasing the diameter 

of the CMS combustor reduces heat loss and 

produces more stable flames with higher energy 

output. However, the flame visualization is 

dimmer than with smaller diameters. 
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