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Micropower generator is a micro-scale energy source that has two main components, 
namely a micro/mesoscale combustor and thermophotovoltaics (TPV). The micro-scale 
combustor is one part that functions as a combustion chamber that produces heat in 
micropower plants. Heptane is used as fuel, while the combustor combustion chamber 
with a diameter of 3.5 mm is made from duraluminium-quart glass tube. Combustion 
stability in the combustion chamber is influenced by several factors, such as temperature, 
geometry, and combustion chamber design. In order to maintain flame stability, mesh is 
added to the combustion chamber. One way to minimize heat loss in the combustion 
chamber is to add an insulating layer to the combustion chamber. This research aims to 
prove the role of adding an insulating layer in flame stability in mesoscale burners. It is 
necessary to add an appropriate insulating layer to minimize heat loss so that it remains 
stable in the mesoscale burner. This experimental test shows that the temperature 
distribution when adding an insulation layer with a thickness of 3 mm has a higher 
temperature on the outside compared to a thickness of 6 mm. Meanwhile, the 
temperature inside the combustor chamber with a thickness of 6 mm is superior to that 
with a thickness of 3 mm. The flame limit of the combustor with a mesh distance of 5 mm 
for liquid heptane fuel was successfully stable at an equivalent ratio of ɸ0.97 – 1.5 with a 
maximum speed of 31.7. 
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1. Introduction 
 

Technological developments in all fields are increasing rapidly, enabling humans to carry out new 
innovations. Various types of new equipment have emerged to make things easier for workers. 
However, this equipment of course requires energy to operate [1]. One technology area that 
continues to innovate is portable technology. Nonetheless, a common problem that often happens 
in portable equipment is the limited power capacity, while the required power is relatively large [2]. 
This challenge has led to the development of small power generation technology (micro power 
generation), which can be packaged into a power cell/battery [3,4]. 
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Micro power generator (MPG) is a micro generator that utilizes combustion heat as an energy 
source. Micro power generators have one important component, namely mesoscale combustion or 
mesoscale combustor [5]. The size of the micro combustor is categorized into two scales: micro-scale 
with a dimension less than 1 mm, and mesoscale with a dimension more than 1 mm [6,7]. 

The fuel used by the micro combustor can be either liquid or gas fuel. Burning fuel in the meso 
combustor converts chemical energy into heat energy, which can be used to produce electricity [6]. 
Micro or mesoscale combustors can serve as a source of electricity for various components of 
communication equipment, as well as for recharging power, and more. The micro power generation 
system uses hydrocarbon fuel which has a higher energy density compared to batteries. Therefore, 
the latest advancements in micro power generation systems are highly valuable for being a solution 
today [8,9]. 

The most important discussion in micro combustor research lies in achieving flame stability within 
mesoscale burners [10]. Stabilizing the flame in a micro-scale burner is quite difficult due to the 
limited volume of the combustion chamber, causing short reactant residence time and high heat 
losses [11]. Consequently, as the fuel flow increases in the mesoscale, the temperature tends to 
increase. To determine the characteristic conditions of fluid flow at the mesoscale, observations and 
(theoretical) calculations need to be carried out [12]. Observations involve the flow movements 
investigation, including laminar flow, transition flow and turbulent flow [13]. As for the calculations, 
the Reynolds number (RE) equation can be employed [14]. 

Liquid fuels are safer and easier in terms of storage but have challenges related to evaporation 
and mixing with air [15]. Various studies have been carried out to stabilize liquid fuel flames in 
mesoscale burners [16]. Single mesh insertion, double mesh insertion, stainless steel mesh insertion, 
copper mesh insertion, and the use of a thermal recirculator are efforts that have been made [3,11]. 
The heat recirculator succeeded in stabilizing the flame through the process of evaporating the liquid 
fuel inside [17]. 

The important role of the heat recirculator is for preheating and evaporation in order to stabilize 
the flame, especially in connection with the use of fuel. As has been done in previous research, 
namely a meso scale burner with the addition of a heat recirculator component with an inner 
diameter of 3.5 mm with a stainless steel heat recirculator that is resistant to high temperatures. 

In another study, liquid hexane fuel was successfully stabilized in a meso scale combustor using a 
mesh insert and heat recirculator [11]. However, there is still a significant amount of heat that could 
be used for preheating the reactants, which is actually wasted with the combustion gases. To utilize 
this heat for preheating the reactant, a mesh insert is needed to contain the flame or flue gas [11]. 
Room conditions must be very carefully considered during the combustion process using a meso scale 
combustor because the flame is very sensitive to temperature and room airflow. If the room 
temperature is too low, the mesoscale combustor body will cool, causing it to burn out or reduce 
flame stability. 

Based on the arguments that have been described, heat loss through the mesoscale combustor 
body due to convection heat transfer to the surroundings needs to be minimized. One effective 
method to reduce heat loss due to convection to the surroundings is by providing an insulator layer. 
This research aims to determine the impact of using an insulator layer on heat transfer characteristics 
and flame stability characteristics. 
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2. Methodology 
2.1 Research Installations 
 

The research was carried out at the Micro-combustion Laboratory of Mechanical Engineering, 
University of Muhammadiyah Malang. 

Figure 1 shows the research installation carried out. The flow of liquid heptane fuel (C7H16) is 
regulated and injected into the burner using a syringe pump. Air is supplied from the compressor air 
tank and the discharge is controlled by an air flowmeter. A probe wire or cable with a diameter of 0.2 
mm is connected to a thermocouple to measure temperature. A camera complete with a macro lens 
is placed on the output side (exhaust) and the side of the meso scale burner to observe and document 
the flame. 
 

 
Fig. 1. Research installations 

 
The data collection begins by applying external heating to the burner body from upstream to 

downstream and igniting a lighter until a flame occurs. This procedure is applied by adjusting the air 
and fuel discharge until a stable flame is achieved inside, after which the igniter is turned off. Flame 
observations were conducted for 3-5 minutes to ensure the stability of the flame. The air flow is then 
adjusted to obtain the minimum and maximum values. Following that, the same procedure is applied 
to the fuel flow, which is adjusted to obtain the minimum-maximum flow value. Again, the same 
procedure is carried out to determine the air discharge value, starting from the minimum to the 
maximum, with the flame extinguished or moved away from the flame holder. 
 
2.2 Mesoscale Combustor 
 

The mesoscale combustor is the main tool used in this research, in which the combustion process 
and flame will be observed. The body of the mesoscale burner is a duraluminium-quartz glass tube 
with a combustion chamber diameter of Ø3.5 mm. A duraluminium flame holder with perforated 
plate lines 8 type having a thickness of 1 mm is inserted between the separator segment and the 
stainless steel flame retardant network. The flame holder is positioned 5 mm towards the outlet or 
exhaust section. 

Mesoscale combustor has several parts and the size of each part has been determined as shown 
in Figure 2 and Figure 3: 1) Ceramic, 2) Fuel Inlet, 3) Air Inlet, 4) Heat Recirculator, 5) Annulus 
chamber, 6) Separator section Quartz-Glass Tube, 7) Flame Holder, 8) Flame, 9) Reaction Zone, 10) 
Retaining Network, 11) Quartz Glass Tube exhaust section. 
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Fig. 2. Mesoscale combustor parts 

 

 
Fig. 3. Mesoscale combustor dimension 

 
3. Results 
 

The research data on mesoscale combustors using liquid heptane fuel with the addition of glue-
based insulators were processed using Microsoft Excel. Another burner with the same design and 
fuel was used to compare better fuel and air mixing. Better mixing can be seen in the flame stability 
and heat transfer limit graphs. 

There are 2 types of insulation thickness, the burner configuration with an insulation thickness of 
3 mm is named type A burner. Meanwhile, the other burner configuration has an insulation thickness 
of 6 mm and is named burner B. Data collection is carried out by adjusting the heptane fuel discharge 
(Qf) and air discharge. (Qa) so that it approaches the stoichiometric value. 

Previously, calibration was carried out to determine the actual output discharge value (Q actual) on 
the syringe pump and air flow meter as shown in Table 1. 

The results of flammability limit data processing are presented in the form of a flame limit graph, 
therefore it is necessary to know the equivalent ratio value first. The equivalent ratio (ɸ) is a 
comparison between the air-fuel ratio in a stoichiometric state (AFRstoic) and the actual air-fuel ratio 
(AFRact). The equivalent ratio is the flame limit of the air-fuel mixture, the flame limit is divided into 
two, namely the lower limit and the upper limit. The lower limit indicates that the flame is still in a 
stable state with constant fuel flow and maximum air flow. Meanwhile, the upper limit shows a stable 
flame condition with constant fuel flow and minimal air flow. 
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Table 1 
5 mm combustor flammability limit data 
Qfuel actual 
(ml/hr) 

Q air actual 
(ml/min) 

min max 

0.77928 79.2152 109.1012 
0.82886 79.2152 119.0632 
0.87844 82.2038 128.029 
0.92802 84.1962 138.9872 
0.9776 89.1772 151.9378 
1.02718 94.1582 158.9112 
1.07676 99.1392 165.8846 
1.12634 104.1202 173.8542 
1.17592 112.0898 178.8352 

 
Before calculating the value of the equivalent ratio (ɸ), it is necessary to first know the value of 

the air-fuel ratio in a stoichiometric state (AFRstoic). Stoichiometric conditions are conditions when 
the air and fuel mixture has the right amount to react completely. 

This research uses liquid heptane (C7H16). AFRstoic air-heptane mixture with the reaction 
equation as shown in Eq. (1). 
 
𝐶7𝐻16 + 11 (𝑂2 + 3,761 𝑁2) → 7𝐶𝑂2 + 8 𝐻2𝑂 + 41,36 𝑁2       (1) 
 

AFRstoic is the stoichiometric air-fuel ratio obtained by dividing the air mass by the fuel mass, 
which can be expressed as Eq. (2). 
 

𝐴𝐹𝑅𝑠𝑡𝑜𝑖𝑐 =
m𝑎𝑖𝑟

m𝑓𝑢𝑒𝑙
  

                    = 15.1008
grair

grfuel

             (2) 

 
3.1 Equivalent Ratio Calculation (ɸ) 
 

After getting the Air Fuel Ratio value in stoichiometric conditions (AFRstoic) for liquid heptane 
fuel, then continue calculating the equivalent ratio value (ɸ). The equivalent ratio value is obtained 
from the quotient of the stoichiometric air fuel ratio (AFRstoic) and the actual air fuel ratio (AFRact), 
as in the following equation: 
 

ɸ =
𝐴𝐹𝑅𝑠𝑡𝑜𝑖𝑐

𝐴𝐹𝑅𝑎𝑐𝑡
              (3) 

 
where 
 

𝐴𝐹𝑅𝑎𝑐𝑡 =
ṁ𝑎

ṁ𝑓
              (4) 

 
Mass flow is obtained from the comparison of the densities of fuel (ρfuel) and air (ρair) with the 

actual flow rate of fuel (Qf actual) and air (Qa actual) obtained from flammability limit data. For an 
example of the calculation, the flammability limit data in Table 1 in the first row is taken for liquid 
heptane fuel on a 5 mm combustor. Heptane liquid fuel has an AFRstoic value of 15.1008, Qf actual 

worth 0.012988 ml/min, Qa actual min worth 79.2152 ml/min, Qa actual max worth 109.101 ml/min, ρheptane 
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worth 0.6838 gr/ ml, and ρair is 0.00119 gr/ml. So the flow mass (ṁ) of heptane fuel can be calculated 
using Eq. (5), Eq. (6), and Eq. (7). 
 
ṁf       = ρheptane × Qf actual 

 = 0.0088811 gr/min            (5) 
 
ṁa min = ρair × Qa actual min 

= 0.09387 gr/min            (6) 
 
ṁa max = ρair × Qa actual max 

= 0.12928 gr/min            (7) 
 
Then, the equivalent ratio (ɸ) value for heptane fuel can be calculated using Eq. (3) and Eq. (4), thus 
 

ɸlower limit  =  
𝐴𝐹𝑅𝑠𝑡𝑜𝑖𝑐
ṁ𝑎 𝑚𝑎𝑥

ṁ𝑓

 

= 1.03735             (8) 
 

ɸupper limit  =  
𝐴𝐹𝑅𝑠𝑡𝑜𝑖𝑐

ṁ𝑎 𝑚𝑖𝑛
ṁ𝑓

 

= 1.42871             (9) 
 
3.2 Calculation of Reactant Flow Velocity (U) 
 

Calculation of the total flow velocity of reactants (U) that occurs in the combustor serves as a 
reference for comparison in the graph of the correlation between the equivalent ratio and the 
reactant velocity. Calculation of reactant velocity (U) is carried out based on the total flow rate of 
reactants flowing in the combustor. The use of liquid fuel is different from the use of gas fuel. Gas 
fuel does not have an evaporation phase because the fuel is already in gas form so it mixes more 
quickly with oxidants (air). Meanwhile, for liquid fuel, there is still a phase of evaporation of the fuel 
into gas which then mixes with air. Therefore, the fuel discharge value in the vapor phase (Qf(vapor)) is 
calculated first by dividing the fuel flow mass value (ṁf) by the heptane vapor density (ρvapor heptane). 
The vapor phase density of heptane can be found using the vapor density table by knowing the boiling 
temperature of heptane. 

It is known that the boiling temperature of heptane is 98.4 °C = 209.1 °F. Then look for the fuel 
vapor value (Qf(vapor)) of heptane in the first row of data using Eq. (10). 
 

𝑄𝑓(𝑣𝑎𝑝𝑜𝑟) =
ṁf

ρvapor heptane
  

=  
0.008881𝑔𝑟/𝑚𝑖𝑛

0.0033 𝑔𝑟/𝑚𝑙
= 2.6913 

𝑚𝑙

𝑚𝑖𝑛
        (10) 

 
Followed by calculating the reactant speed (U). Qf (vapor) is 2.6913 ml/min, Qa actual max is 109.101 

ml/min, ɸ in the combustor is 3.5 mm, and radius (r) is 1.75 mm. Maximum flow rate (Umax) can be 
calculated using Eq. (11). 
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𝑈𝑚𝑎𝑥 =
100×(𝑄𝑓(𝑣𝑎𝑝𝑜𝑟)+𝑄𝑎 𝑎𝑐𝑡𝑢𝑎𝑙 𝑚𝑎𝑥)

60 𝜋𝑟2   

 = 19.3756
𝑐𝑚

𝑠
           (11) 

 
The minimum flow rate (Umin) for the first data can be calculated using Eq. (12) with Qf (vapor) worth 

2.6913 ml/min, Qa actual min worth 79.2152 ml/min, ɸ in the combustor worth 3.5 mm, and radius (r) is 
1.75 mm. 
 

𝑈𝑚𝑖𝑛 =
100×(𝑄𝑓(𝑣𝑎𝑝𝑜𝑟)+𝑄𝑎 𝑎𝑐𝑡𝑢𝑎𝑙 𝑚𝑖𝑛)

60 𝜋𝑟2   

= 14.1958 
𝑐𝑚

𝑠
           (12) 

 
3.3 Calculation of Reynolds Number (Re) 
 

The Reynolds number (Re) is used to determine the distribution and value of the heat transfer 
coefficient [18]. By calculating the density of heptane, pipe diameter, and reactant flow velocity with 
air viscosity, the Reynolds Number can be obtained as shown in Eq. (13). 

For an example of the calculation, the flammability limit data in Table 2 in the first row is taken 
for liquid heptane fuel in a 5 mm combustor. The average speed of flowing fluid (𝑣) is 0.193756 m/s, 
with a diameter (D) of 0.0035 m, fluid density (𝜌) of 0.0006838 kg/m3, and air viscosity (𝜇) of 0.000017 
kg/m.s. 
 

Re =
𝑣.𝐷.ρ

μ
  

 = 0.02728            (13) 
 

Table 2 
Results of data calculations on the flammability limit of the combustor 5 mm 
ṁfuel 
(gr/min) 

ṁair (gr/min) Qf (vapor) 

(ml/min) 
ɸ Equivalent Ratio U (cm/s) Re 

min max lower upper min max 

0.0088 0.093 0.129 2.6912 1.0373 1.4287 14.195 19.375 0.0272 
0.0094 0.093 0.141 2.8624 1.0110 1.5196 14.225 21.131 0.0297 
0.0100 0.097 0.151 3.0337 0.9964 1.5519 14.773 22.715 0.0319 
0.0105 0.099 0.164 3.2049 0.9697 1.6007 15.148 24.644 0.0346 
0.0111 0.105 0.180 3.3761 0.9344 1.5921 16.041 26.918 0.0378 
0.0117 0.111 0.188 3.5474 0.9387 1.5843 16.934 28.156 0.0396 
0.0122 0.117 0.196 3.7186 0.9427 1.5773 17.827 29.395 0.0413 
0.0128 0.123 0.206 3.8898 0.9409 1.5711 18.720 30.806 0.0433 
0.0134 0.132 0.211 4.0611 0.9549 1.5236 20.131 31.699 0.0446 

 
In this research, the Reynolds number is at Re = 0.027 – 0.044, this value is below Re = 2000. This 

means that from the value of the Reynolds number, it can be ascertained that the type of flow is 
laminar. The combustor flame limit of 5 mm liquid heptane fuel was successfully stable at an 
equivalence ratio 0.97 – 1.5 with a maximum speed of 31.7 cm/s. 

Temperature data collection was carried out to make it easier to find out how the thickness of 
the insulation is related to the flame on the mesoscale burner as shown in Figure 4. The addition of 
insulation is another factor contributing to the phenomenon of heat transfer complexity [19]. 
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Fig. 4. Temperature intake point 

 
The flame visualization was observed from the output (exhaust) side and the mesoscale 

combustor side as shown in Figure 5. 
 

  
Fig. 5. Flame visualization 

 
Table 3 and Table 4 are temperature data that have been obtained on combustors with insulation 

thicknesses of 3 mm and 6 mm, then plotted into graphs to make it easier to determine the 
temperature insulation thickness at T3 or the temperature of the flue gas. The correlation between 
reactant flow velocity and Reynolds number on temperature distribution is presented in Figure 6 and 
Figure 7. 
 

Table 3 
Combustor temperature data with insulation thickness of 3 mm 
Reactant Flow Rate (U): 26.09 (cm/s) 

Qfuel Qair φ T1 T2 T3 Flame Speed 

1 143 1.0650 251.7 101.3 196.6 22 
1.05 125 1.1153 234.4 90.6 181.5 12 
1.15 115 1.1658 247 88.1 152.9 37 
1.2 106 1.2671 250.6 74.9 155.7 67 

Constant Equivalent Ratio (ɸ): 1.25 

Qfuel Qair U (cm/s) Reynolds 
Number 

T1 T2 T3 Flame Speed 

1 108 22.2 0.031196 234.6 80.9 160.9 71 
1.05 127 24.2 0.034069 238.1 97.8 167.3 57 
1.15 148 26.2 0.036942 275.4 107.1 184.7 42 
1.2 166 27.3 0.038378 335.4 114.4 216.4 33 
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Table 4 
Combustor temperature data with insulation thickness of 6 mm 
Reactant Flow Rate (U): 26.09 (cm/s) 

Qfuel Qair ɸ T1 T2 T3 Flame Speed 

1 143 1.0650 329.4 96.6 205.1 37 
1.05 125 1.1153 363.1 74.9 184.9 26 
1.15 115 1.1658 324 57.7 142.5 19 
1.2 106 1.2671 321.1 62.5 137.2 10 

Constant Equivalent Ratio (ɸ): 1.25 

Qfuel Qair U (cm/s) Reynolds 
Number 

T1 T2 T3 Flame Speed 

1 108 22.2 0.031196 287.5 62.5 145.8 75 
1.05 127 24.2 0.034069 372.2 77.4 167.5 40 
1.15 148 26.2 0.036942 420.4 82.4 177.1 20 
1.2 166 27.3 0.038378 462.9 93.9 209.9 12 

 

 
Fig. 6. Comparison of reactant flow rate with temperature distribution T3 
combustor A (3 mm) and B (6 mm) in 1,25 equivalent ratios (ɸ) 

 

 
Fig. 7. Comparison of Reynolds Number with temperature distribution T3 
combustor A (3 mm) and B (6 mm) in 1,25 equivalent ratios (ɸ) 
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In combustor A there is a regular increase in temperature along with the flow rate and Re at a 
constant equivalent ratio. If the air flow speed is greater, the combustion chamber temperature will 
be higher and the combustion rate will be faster, which will affect the fuel flow requirements in the 
system [20]. Combustor B has the same characteristics as combustor A. It experiences a regular 
increase in temperature along with the flow rate and Re at a constant equivalent ratio. This is because 
the higher the flow speed, the greater the air-fuel discharge. However, in increasing the temperature, 
combustor B is better than combustor A. 

Figure 8 shows a temperature comparison with varying equivalent ratios, at a constant reactant 
flow rate. In combustor A, the temperature increases and decreases with increasing equivalent ratio 
(ɸ) as in the line pattern. 
 

  
Fig. 8. Comparison of equivalent ratio with temperature distribution T3 
of combustor A (3 mm) in a constant reactant flowrate 

 
At a constant reactant flow rate (U), there is an increase and decrease in temperature for each 

addition of the equivalent ratio as shown in Figure 9. If the equivalent ratio (ɸ) is increased by adding 
insulation, it can reduce the heat transfer rate. Temperatures can become more stable because the 
insulation inhibits heat changes. 
 

  
Fig. 9. Comparison of equivalent ratio with temperature distribution T3 of 
combustor B (6 mm) in a constant reactant flowrate 
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3.4 Heat Transfer Coefficient 
 

The value of the convection heat transfer coefficient depends on several factors including the 
length of the plate through which the fluid flows, the conduction heat transfer coefficient, the speed 
of the fluid flow, and the kinematic viscosity of the fluid itself. The heat transfer coefficient can be 
found using Eq. (14). 
 

ℎ̅ = 0.664 ×
𝑘

𝐿
𝑅𝑒𝐿

0.5𝑃𝑟0.333 (14) 

= 0.664 × 1.4 (0.0311960.5)(0.6740.333) 
= 0.014398 𝑊/𝑚2°𝐶  

 
3.5 Nusselt Number 
 

Nusselt number for laminar flow in a circular pipe of diameter D with a fully developed region 
throughout the pipe, Re < 2300. The Nusselt number (Nu) on the combustor can be calculated using 
Eq. (15). 
 

𝑁𝑢 =
ℎ 𝐷

𝑘
  

=
0.076946 x 0.0095 

1.4
  

= 0.000522           (15) 
 

The calculations above are plotted into a graph to make it easier to understand the graph of the 
Nusselt number. 

The graph in Figure 10 shows that the heat transfer rate and Nusselt number with an insulation 
thickness of 3 mm experience a decrease and increase in the Nusselt number with each increase in 
heat transfer rate. 
 

 
Fig. 10. Correlation between heat transfer rate and Nusselt number in 3 mm 
thickness with 1,25 equivalent ratios (ɸ) 
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The graph in Figure 11 shows that the heat transfer rate and Nusselt number with an insulation 
thickness of 6 mm experienced a significant increase in the Nusselt number with each additional heat 
transfer rate. 
 

 
Fig. 11. Correlation between heat transfer rate and Nusselt number in 6 mm 
thickness with 1,25 equivalent ratios (ɸ) 

 
3.6 Heat Transfer 
 

After knowing the temperature T1–T2 in the liquid heptane fuel micro combustor, proceed to 
calculate the value of the heat transfer rate (qr). The tube radius (r) is 0.00475 m, length (L) 0.025 m, 
heat transfer coefficient (h) 1.4 W/m2K, and temperature change (T1–T2) is 73.7 K. The heat transfer 
rate in the heptane fuel combustor can be calculated using Eq. (16). 
 
𝑞𝑟 = 2. 𝜋. 𝑟. 𝐿. ℎ (T1 − T2)          (16) 
 
The correlation between heat transfer rate and temperature is presented in Figure 12. 
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Fig. 12. Comparison of combustor A and B temperature with heat transfer rate at a constant 
equivalent ratio (ɸ) = 1.25 

 
The equivalent ratio with an insulation thickness of 3 mm experiences an increase and decrease 

in the heat transfer rate with each increase in temperature as shown in Figure 12. The graph appears 
to increase and then decrease, this is caused by the thickness of the insulator which can affect the 
heat transfer. If the glue is thick or the insulation is thin, heat can more easily pass through the 
material. Thus, the temperature can rise or fall more quickly due to the lack of resistance to heat 
transfer. 

Meanwhile, at the flow velocity and equivalent ratio with an insulation thickness of 6 mm, there 
is an increase in the heat transfer rate with each increase in temperature. The graph appears to be 
increasing steadily without any decrease, this is because the thickness of the insulating glue can affect 
the heat transfer. The thicker the insulating glue, the more heat it absorbs so that more temperature 
is stored in the insulating glue, which makes the heat transfer rate increase gradually. 

This 5 mm combustor research has varying insulation thicknesses, namely 3 mm and 6 mm. When 
burning a thickness of 6 mm, the temperature is higher inside the combustion chamber and lower 
outside the combustion chamber. Adding thicker insulation can reduce heat loss because the 
insulation can inhibit heat transfer from the combustion chamber to the surrounding environment. 
Compared to the previous thickness, the 3 mm thickness has a lower temperature inside the 
combustion chamber and a higher temperature outside the combustion chamber. This can cause the 
temperature distribution at points T1–T3 on a 5 mm combustor with a thickness of 3 mm to have a 
higher temperature on the outside compared to one with a thickness of 6 mm. Meanwhile, for indoor 
temperatures, a combustor with a thickness of 6 mm is superior to one with a thickness of 3 mm. 
This is because the thickness of the insulation on the combustor can affect the temperature inside 
and outside the combustion chamber. 

The heat transfer rate for a combustor of 5 mm with an insulation thickness of 6 mm is better 
than with an insulation thickness of 3 mm. This is because the heat capacity stored in an insulating 
glue thickness of 6 mm is greater than with a thickness of 3 mm. The flame is very sensitive to room 
temperature and wind in the room. A combustor with a greater thickness of insulating glue allows 
more heat to be absorbed and can maintain better flame stability. Meanwhile, in a combustor with 
a smaller thickness of insulating glue, heat will be absorbed more quickly in the insulating glue and 
spread more quickly at room temperature. This can cause the temperature distribution of the heat 
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transfer rate in a combustor with a thickness of 6 mm to be better than a combustor with a thickness 
of 3 mm. 
 
4. Conclusions 
 

The flame limit of the combustor with a mesh distance of 5 mm for liquid heptane fuel was 
successfully stable at an equivalence ratio 0.97–1.5 with a maximum speed of 31.7. The temperature 
distribution in the combustor with a mesh distance of 5 mm with an insulation thickness of 3 mm and 
6 mm has its own advantages and disadvantages. The insulation thickness of 3 mm has a higher 
temperature on the outside and a lower temperature inside the room. Meanwhile, the insulation 
thickness of 6 mm has a higher temperature inside the combustion chamber and a lower temperature 
outside the combustion chamber. 

For the heat transfer rate in the combustor, a mesh distance of 5 mm with an insulation thickness 
of 6 mm is better than an insulation thickness of 3 mm. This is because the heat capacity stored in an 
insulating glue thickness of 6 mm is greater than with a thickness of 3 mm. The next challenge in 
researching insulator thickness in micro combustors is the critical insulation thickness. 
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