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บทคััดย่่อ

ความต้อ้งการพลังังานอย่า่งยั่่�งยืืนที่่�เพิ่่�มขึ้้�นในอุตุสาหกรรมเซรามิกิของประเทศไทยส่ง่ผลให้เ้กิดิความจำเป็น็ในการเพิ่่�ม

ประสิิทธิิภาพการทำงานของหััวเผาโดยใช้้เชื้้�อเพลิิงที่่�สะอาดกว่่า แม้้ว่่าแก๊๊สปิิโตรเลีียมเหลว (LPG) จะเป็็นเชื้้�อเพลิิงที่่�นิิยมใช้้

อย่่างแพร่่หลายเน่ื่�องจากค่่าความร้้อนที่่�สููงแต่่แก๊๊สธรรมชาติิอััด (CNG) ให้้ข้้อดีีในด้้านการปล่่อยมลพิิษที่่�ต่่ำกว่่าและต้้นทุุน 

ที่่�ลดลง งานวิจััยนี้้�ศึึกษาลัักษณะการเผาไหม้และการไหลของหััวเผาเซรามิิกชนิิดฝัักบััวที่่�ใช้้เชื้้�อเพลิิง LPG และ CNG  

โดยใช้ก้ารจำลองพลศาสตร์์ของไหลเชิงิคำนวณ (CFD) ควบคู่่�กับการทดลองจริงเพ่ื่�อเพิ่่�มสมรรถนะของหััวเผาการจำลอง CFD 

ดำเนิินการในสองขั้้�นตอน ได้้แก่่ การทดสอบแบบเย็็นเพื่่�อวิิเคราะห์์การผสมเชื้้�อเพลิิงกัับอากาศ และการทดสอบแบบร้้อน 

เพื่่�อศึึกษาพฤติิกรรมการเผาไหม้ โดยใช้้โปรแกรม FLUENT 2021 R2 ร่่วมกัับโครงข่่าย Tetrahedro และแบบจำลอง

ความปั่่�นป่่วน RNG k–ε การทดลองยืืนยันผลดำเนิินการที่่�ความดัันเชื้้�อเพลิิง 4 ปอนด์ต่่อตารางนิ้้�ว โดยใช้้เทอร์์โมคััปเปิิล 

ชนิิด เค (Thermocouple K-type) สำหรัับวััดอุุณหภููมิิ ผลการทดลองสอดคล้้องกัับการจำลองโดยมีีความคลาดเคลื่่�อนเฉลี่่�ย

ของความเร็ว็ 6.52% และอุุณหภููมิ ิ5.30% การเผาไหม้ของ LPG ให้ค่้่าอุณุหภููมิสิููงสุดุมากกว่่า 1,375.61 เคลวิิน เม่ื่�อเทียีบกับั  

CNG 1,332.83 เคลวิิน ขณะที่่� CNG แสดงความเร็็วการไหลสููงกว่่าจากความหนาแน่่นที่่�ต่่ำกว่่า LPG ยัังให้้ความสม่่ำเสมอ

ของอุุณหภููมิิและความเข้้มของการเผาไหม้้ที่่�ดีีกว่่า ซึ่่�งเป็็นสิ่่�งสำคััญต่่อกระบวนการเผาเซรามิิกอย่่างคงที่่� งานวิิจััยนี้้�เน้้นย้้ำถึึง 

ความสำคััญของการออกแบบหััวเผาอย่่างเหมาะสมและการประยุุกต์์ใช้้ CFD เพ่ื่�อส่่งเสริิมการใช้้เชื้้�อเพลิิงสะอาดเพิ่่�ม

ประสิิทธิิภาพพลัังงานและความยั่่�งยืืนด้้านสิ่่�งแวดล้้อมในอุุตสาหกรรมเซรามิิกขนาดเล็็กของประเทศไทย

คำสำคััญ:	พฤติิกรรมการเผาไหม้้ LPG CNG CFD หััวเผาเซรามิิก
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Abstract

The increasing demand for sustainable energy in Thailand’s ceramic industry has led to the need for 

improving burner performance using cleaner fuels. Although Liquefied Petroleum Gas (LPG) is commonly 

used due to its high calorific value, Compressed Natural Gas (CNG) is considered more environmentally 

friendly and cost-effective. In this study, the combustion and flow characteristics of a shower-type ceramic 

burner using LPG and CNG were analyzed through Computational Fluid Dynamics (CFD) simulations and 

validated by experiments. The CFD work was divided into two parts: a cold-flow analysis to examine 

fuel–air mixing, and a hot-flow simulation to study combustion behavior. ANSYS Fluent 2021 R2 was used 

with a tetrahedral mesh and the RNG k–ε turbulence model. Experiments were carried out at 4 psi fuel 

pressure, and a K-type thermocouple was used to measure flame temperature. The simulated results 

agreed well with the experimental data, showing average deviations of 6.52% in velocity and 5.30% in 

temperature. LPG produced a slightly higher peak temperature (1,375.61 K) than CNG (1,332.83 K), while 

CNG showed higher flow velocity due to its lower density. Moreover, LPG provided a more uniform  

temperature distribution, which is beneficial for consistent ceramic firing. These results suggest that 

although CNG is cleaner, LPG offers better combustion characteristics under the current burner design. 

The findings highlight the potential for improving burner design through CFD modeling to support fuel 

switching in small-scale ceramic industries in Thailand.
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1. Introduction 

	 In Thailand, Liquefied Petroleum Gas (LPG) 

remains a primary fuel used across households, 

commercial kitchens, and industrial burners due to 

its high calorific value and ease of handling [1]–[3].  

However, with growing concerns about energy  

sustainability and environmental impact, alternative  

fuels such as Compressed Natural Gas (CNG) 

have gained attention for their lower emissions  

and potential cost advantages. Several studies 

have examined the combustion characteristics 

of these fuels using various burners. One study 

investigated LPG combustion in a swirl burner and 

reported improved thermal efficiency with lower CO 

emissions [4]. Another developed a high-efficiency 

natural gas burner, achieving 57% thermal efficiency 

through design modifications [5]. CFD was also used 

to evaluate syngas combustion in ceramic kilns, 

emphasizing how burner geometry affects NOx 

formation. These studies reflect ongoing efforts to 

enhance fuel flexibility, thermal performance, and 

emission control through integrated experimental 

and computational approaches [6]–[9]. Notably,  

studies have demonstrated that the use of natural 

gas in high-temperature air combustion can enhance  

combustion characteristics while reducing pollutant  

formation, suggesting its suitability for industrial 

furnace applications [10]. Moreover, advancements 

in porous radiant burner technologies show promise 

for low-emission and efficient cooking applications 

[11], [12], while numerical investigations on Synthetic  

Natural Gas (SNG) compatibility with LPG burners 

highlight the need for design adaptations to maintain  

optimal combustion performance [13]. These  

developments underscore the ongoing transition  

toward cleaner fuel alternatives and more sustainable  

combustion practices, which are crucial for Thailand’s  

energy-dependent sectors. Beyond addressing 

the rising demand for cleaner fuels, it is essential 

to consider the development of more efficient  

combustion technologies that promote complete 

fuel oxidation and minimize pollutant formation.  

Incomplete combustion not only reduces thermal  

efficiency but also contributes to elevated emissions of 

Carbon Monoxide (CO) and unburned hydrocarbons.  

Advanced burner design strategies particularly 

those informed by Computational Fluid Dynamics 

(CFD) have demonstrated potential in optimizing 

flame stability and fuel–air mixing [14]–[16], thereby  

supporting both energy efficiency and environmental  

sustainability.

	 Despite such progress, several research gaps 

persist in the context of small-to medium-scale  

industries, particularly within Thailand’s ceramic sector.  

While numerous studies have examined burner 

design and performance using natural gas and LPG 

[17], limited research has focused on adapting these 

innovations for small ceramic enterprises that often 

lack access to technological advancements. For 

instance, although the adaptation of LPG cooking  

stoves to biogas has demonstrated improved 

thermal efficiency [18], the conversion process is 

complex and may not be easily scalable. Similarly, 

burner designs for natural gas applications have 

shown high thermal performance achieving up 

to 57% thermal efficiency at optimal operating 

pressures [19] but their implementation remains 

constrained by fuel supply infrastructure and cost. 

Furthermore, studies on premixed LPG burners  

highlight the importance of secondary air in  
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stabilizing flames and extending combustion  

limits [20], while comparative studies indicate that 

although CNG combustion yields higher efficiency 

than LPG, it necessitates richer fuel mixtures [21]. 

Research on burner flow dynamics using CFD has 

also shown that modifications to burner structure 

and airflow can significantly enhance thermal  

efficiency and combustion temperatures [22]–[24]. 

However, these studies rarely address the specific 

needs and operational constraints of small-scale 

ceramic factories in Thailand.

	 Small-scale ceramic factories in Thailand face 

design constraints such as basic control systems, 

fixed gas supply pressures, and limited installation 

space. These factors require simple, low-cost burner 

designs that can perform reliably under static and 

resource-limited conditions. 

	 This study addresses existing research gaps 

by analyzing the flow dynamics and combustion  

performance of shower-type burners using CNG, 

through both Computational Fluid Dynamics 

(CFD) and experimental validation. Focusing on 

burner designs common in Thailand’s small ceramic  

enterprises, the research offers practical insights 

into improving energy efficiency, reducing emissions,  

and enhancing flame stability. This study combines 

CFD simulations with experimental analysis to  

reveal key insights into flow behavior, temperature  

distribution, and fuel–air interaction. Unlike large-

scale burners that operate with high-pressure 

supply and sophisticated control systems, small 

burners face constraints such as limited space 

and simplified setups. The findings highlight how 

fuel characteristics particularly density and flame 

speed directly influence performance under these 

compact operating conditions. informing effective 

burner redesign. The findings support Thailand’s 

transition to cleaner fuels in underserved sectors 

and contribute to broader goals of energy efficiency 

and environmental sustainability.

2. Materials and Methods 

	 CFD simulations were performed using  

ANSYS Fluent 2021 R2 to study fuel–air mixing and  

combustion in a shower-type ceramic burner. The 

process was divided into two stages: 1) cold flow 

for mixing analysis and 2) hot flow for combustion 

behavior, as shown in Figure 1. 

2.1 Cold Flow Simulation (Non-Combustion Case)

	 The objective of the cold flow simulation (Part 1) 

is to analyze the mixing behavior of fuel and air within  

the burner without combustion. This simulation  

validates the velocity field with experimental results 

and generates mass fraction and mass flow rate data 

for key species, including LPG (C3H8, C4H10, N2, O2) and 

CNG (CH4, C2H6, CO2, N2), which serve as boundary 

inputs for the subsequent combustion simulation. 

The burner’s three-dimensional geometry was 

Figure 1	 Computational domain used for cold and  

hot flow analysis of the shower-type burner.

Part 2

Part 1
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modeled using actual dimensions and discretized 

with an unstructured tetrahedral mesh of 1,080,312 

elements to capture complex flow behavior. Cold 

flow simulations were performed using pressure 

inlet boundary conditions corresponding to thermal 

loads of 10.74, 17.40, 27.05, and 30.20 kW for both 

LPG and CNG, consistent with experiments. Primary 

and secondary air were also set as pressure inlets, 

the outlet as a pressure outlet, and all walls as 

no-slip boundaries. Key parameters are summarized 

in Table 1.

	 Turbulent flow is modeled using the RNG k–ε 
turbulence model, with additional species transport  

modeling to simulate fuel–air mixing without  

chemical reactions. The fuel composition for LPG is 

set at 70:30 propane-to-butane by volume, while 

CNG consists of CH4:C2H6:CO2:N2 in a 77:6:14.8:2.2 

ratio, as provided by PTT Public Company Limited  

(2022). The simulation parameters for Part 1 are 

summarized in Table 1, using a steady-state,  

pressure-based solver with standard wall functions 

for near-wall treatment.

Table 1 Boundary Conditions for Part 1

Boundary Condition Model

Inlet boundary 
condition

Air gauge pressure inlet = 0 Pa
LPG gauge pressure inlet = 4 psi

Outlet boundary 
condition

Pressure outlet (air gauge pressure  
outlet = 0 pa)

Solver Pressure base

Time Steady state

Near-wall treatment 
method

Standard wall function

Turbulence model RNG k-ε model

Other Species transport

C3H8 : C4H10 70 : 30 

2.2 Combustion Simulation (Hot Test Case)

	 The hot flow simulation (Part 2) investigated 

combustion behavior within the shower-type burner 

and compared numerical results with experimental 

temperature measurements. This phase accounted 

for key physical processes including fuel–air mixing, 

chemical reactions, thermal radiation, and convective- 

conductive heat transfer. The burner geometry  

remained consistent with Part 1 and was discretized 

into 1,486,135 unstructured tetrahedral elements, 

as illustrated in Figure 2(a). Boundary conditions, 

including mass flow inlets and pressure outlets, 

are detailed in Figure 2(b). Mass fractions and flow 

rates from the validated cold-flow simulation were 

imposed at the burner inlet, while all walls were 

defined as no-slip and thermally solid boundaries.

	 Combustion was modeled using the Eddy 

Dissipation Model (EDM), which is suitable for  

turbulence–chemistry interactions under fast-

reaction conditions. Radiative heat transfer was 

captured using the Discrete Ordinates (DO) model, 

and turbulence effects were treated with the RNG 

k–ε model. All simulations employed a steady-state, 

pressure-based solver. Near-wall treatment used 

the standard wall function approach, with Y+ values 

maintained between 30 and 300 to ensure accurate 

prediction of wall-adjacent flow and heat transfer. 

A mesh independence study was conducted using  

coarse (0.88 million), medium (1.48 million), and 

fine (2.2 million) element grids. The medium 

grid yielded results within 2% of the fine mesh,  

balancing accuracy with computational cost, and 

was therefore selected for all final simulations. 

These configurations ensured numerical stability 

and reliable resolution of combustion dynamics.
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Table 2 Boundary conditions for Part 2

Boundary Condition Model

Inlet boundary 
condition

LPG gauge mass inlet Mass fraction  
of C3H8, C4H10, N2 and O2 (part 1)

Outlet boundary 
condition

Pressure outlet (air gauge pressure  
outlet = 0 pa)

Solver Pressure base

Time Steady state

Near-wall treatment 
method

Standard wall function

Turbulence model RNG k-ε model

Radiation model Discrete Ordinates 

Combustion model Eddy dissipation model

	 The conditions in Part 2 focus on combustion 

simulation. Heat transfer in this phase is primarily 

governed by convection from hot flue gases and 

combustion products, along with radiation emitted 

by the flame. To capture turbulent flow behavior 

at high Reynolds numbers, the RNG k–ε turbulence  

model was employed. The Eddy Dissipation 

Model was used to simulate turbulence–chemistry  

interactions under fast-reaction conditions. Given 

the significant temperature gradients present, the 

Discrete Ordinates radiation model was applied to 

accurately account for radiative heat transfer, in line 

with previous recommendations in the literature 

[12]. The corresponding boundary conditions and 

simulation parameters are summarized in Table 2.  

Pressure–velocity coupling was handled using the 

SIMPLE algorithm to ensure stable convergence. 

Boundary pressures were set to 0 Pa gauge,  

representing atmospheric pressure, allowing realistic 

open-boundary flow behavior. This two-stage CFD 

approach beginning with a non-reactive flow analysis 

followed by reactive flow simulation ensures both 

numerical stability and physical accuracy. It also 

significantly reduces computational time while 

preserving the fidelity of the flow and combustion 

phenomena observed in real-world operations. 

The methodology provides a robust framework 

for optimizing burner design to enhance thermal  

efficiency in small-scale ceramic industries using 

alternative fuels such as CNG

2.3 Temperature Measurement

	 To validate the accuracy of the CFD simulation 

results, experimental measurements of the flame 

temperature were conducted and compared with the 

numerical data. The experimental setup is illustrated 

in Figure 3(a). Prior to data acquisition, the burner 

was ignited and operated at its maximum flame 

setting for a duration of 15 minutes. This preheating  

phase was intended to eliminate any residual coating  

materials or dust within the burner that could  

otherwise interfere with temperature measurements.

	 Flame temperature measurements were  

performed at multiple axial and radial positions, as 

depicted in Figure 3(b), using a K-type thermocouple 

D

5D

Pressure outlet

Wall

Pressure inlet

          (a) Mesh             (b) Boundary conditions

Figure 2	 (a) Mesh and (b) Boundary conditions for 

the computational domain.
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with an accuracy of ±1.1°C or 0.4% of the measured 

value. A data logger was employed to continuously  

record the temperature data throughout the  

experiment. The tests were conducted using LPG as 

the fuel at a supply pressure of 4 psi, corresponding  

to a thermal power output of 10.74 kW. All  

measurements were carried out under ambient room 

temperature conditions with sufficient ventilation  

and without the influence of strong external airflows 

to minimize experimental uncertainties.

3. Results and Discussions 

3.1 Comparison of Flow Velocity at Burner Exit

	 The comparison between CFD simulation and 

experimental results regarding flow velocity at the 

burner exit is presented in Figures 4. The velocity 

profiles obtained from both CFD and experimental  

analysis showed similar trends, confirming the  

accuracy of the model. In particular, lower velocities  

were observed near the burner wall, increasing 

progressively toward the center due to jet-like  

behavior, a pattern consistent with findings reported 

in [12]. The maximum axial velocity at the burner 

exit reached 4.4 m/s in the CFD results, compared 

to 4.0 m/s in the experimental data. The average  

deviation between CFD and experimental results 

was less than 6.52% for velocity and 5.30% for 

temperature. This level of agreement validates 

the effectiveness of the numerical method. Linear 

regression showed strong correlation, with R² = 0.982  

for velocity and 0.976 for temperature, as also 

supported by [24], who demonstrated that flow 

field predictions in LPG burners can be accurately 

modeled using the RNG k–ε approach. Furthermore, 

the higher velocity consistently observed with 

CNG is attributable to its lower gas density, which 

enhances exit velocity under equivalent pressure  

conditions a trend that aligns with theoretical and 

(b) Temperature measurement position

Figure 3	 Experimental setup for measurements 

validation.

(a) Experimental setup

Figure 4 A comparison of the flow velocity.
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empirical studies on gaseous jet flow dynamics [17]. 

	 As shown in the combined graph (Figure 4), 

LPG and CNG exhibit distinct velocity profiles due 

to their physical properties. CNG, mainly methane, 

has a lower molecular weight and density than 

LPG, leading to higher flow velocities under equal 

inlet pressure. Its simpler molecular structure also 

reduces viscosity, affecting momentum transfer and 

jet behavior. These factors explain the consistently 

higher velocities observed for CNG.

3.2 Comparison of Temperature

	 The comparison of temperature distributions 

obtained from CFD simulations and experimental 

measurements is illustrated in Figures 5(a)–(b),  

focusing on various radial positions from the center 

of the burner. The results indicate that the simulated 

temperature profiles are in good agreement with the  

experimental data. It was observed that the temperature  

around the burner is relatively uniform in the near-

field region and gradually decreases with increasing 

radial distance from the burner center. The average 

deviation between the CFD-predicted temperatures 

and the measured values did not exceed 5.30%, 

confirming the reliability of the numerical model 

in capturing the thermal behavior of the burner 

under combustion conditions. Such consistency 

with experimental data is in line with previous CFD 

validation studies on burner systems [22], [24].

	 The stable temperature zone corresponds to  

regions with optimal fuel–air mixing. Peak temperatures  

occur near the center, where fuel concentration is 

highest, while temperatures decline radially as gas 

disperses. LPG’s broader high-temperature area 

indicates more uniform mixing, whereas CNG’s  

narrower zone reflects steeper concentration  

gradients affecting thermal distribution.

	 The flow field characteristics under non- 

reacting conditions are visualized in Figure 6, showing 

velocity vectors at the burner’s mid-plane.

3.3 Flow Behavior of Fluid and Combustion

	 The simulation results presented in Figure 6  

illustrate the velocity vector fields at the mid-plane 

of the burner, corresponding to the cold-flow  

simulation (Part 1). The velocity distribution indicates 

(b) CNG

Figure 5	 Shows the comparison of temperature  

(a) LPG and (b) CNG.
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that the highest velocities occur in the vicinity of the 

fuel injector. This is attributable to the release of 

fuel gas either LPG or CNG under high pressure from 

the gas supply system, resulting in a pronounced jet 

effect at the injector outlet for all tested pressure 

levels. As the high-pressure fuel exits the injector, 

it entrains primary air into the mixing tube, thereby 

promoting efficient mixing before combustion. 

The simulation results further show that velocity  

magnitudes near the burner exit holes are higher 

than those in upstream regions. This is the critical  

region where fuel–air mixing is most intensive, 

enhancing the conditions necessary for stable  

combustion [19]. As the input gas pressure increases,  

a corresponding increase in exit velocity is observed.  

For LPG, the exit velocities at increasing power levels 

are approximately 4.3 m/s, 6.7 m/s, 12.2 m/s, and  

14.9 m/s, while for CNG, the velocities are higher at  

6.3 m/s, 12.7 m/s, 16.8 m/s, and 19.9 m/s, respectively.  

The consistently greater velocities observed with 

CNG at all power levels are primarily due to its 

lower gas density compared to LPG, which results 

in higher flow velocities under identical pressure 

conditions [14]. The consistently greater velocities 

observed with CNG at all power levels are primarily  

due to its lower gas density compared to LPG, which 

results in higher flow velocities under identical  

pressure conditions.

	 The influence of turbulent mixing on combustion  

assumes that the chemical kinetics are rapid with 

respect to the mixing rate. The exothermic reaction 

releases heat into the flow field, which affects the 

temperature distribution and flame stabilization.

	 Figure 7(a)–(b) presents the velocity vector 

fields at the mid-plane of the burner under varying 

Figure 6	 Comparison of simulated velocity  

distributions for Shower burners at mid-plane.
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(b) CNG

Figure 7	 Comparison of the velocity distributions 

of Shower burner at mid-plane.
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LPG and CNG gas supply pressures, corresponding 

to increasing power outputs. The results indicate 

that the maximum velocity of the hot combustion 

gases exiting the burner nozzle reaches 16.83 m/s 

for LPG at a thermal power of 30.20 kW, whereas 

for CNG at the same power level, the maximum 

velocity is slightly lower at 12.66 m/s.

	 The combustion process generates thermal 

buoyancy and induces the entrainment of secondary  

air, which plays a crucial role in supporting and  

sustaining the combustion reaction within the burner 

chamber. Regions proximal to the burner where 

secondary air induction is more effective exhibit 

enhanced combustion intensity, contributing to 

more complete oxidation of the fuel. This behavior 

is consistent with the characteristic flow and flame  

structures typically observed in shower-type burners,  

where the interplay between induced air and high-

velocity fuel jets promotes stable and efficient 

combustion. The simulation results presented in 

Figure 6 illustrate the velocity vector fields at the 

mid-plane of the burner, corresponding to the cold-

flow simulation (Part 1). The velocity distribution  

indicates that the highest velocities occur in the  

vicinity of the fuel injector. This behavior is consistent  

with the characteristic flow and flame structures 

typically observed in shower-type burners, where 

the interplay between induced air and high-velocity 

fuel jets promotes stable and efficient combustion.

	 To analyze the thermal field under reacting 

conditions, the temperature contours derived from 

CFD are presented in Figure 8(a)–(b) shows that, 

despite similar input conditions, LPG produces a 

broader, more uniform high-temperature flame, 

indicating stronger combustion and heat release. 

CNG's narrower flame reflects its lower heating value 

and reactivity. This suggests LPG provides better 

flame spread and thermal consistency for uniform 

heating applications.

	 The simulation results comparing temperature 

distributions at thermal power levels of 10.74, 17.40, 

24.05, and 30.20 kW are presented in Figures 9(a)–(d).  

These results illustrate the radial temperature  

profiles within the combustion chamber (domain 

condition) for both LPG and CNG fuels. At all power 

levels, the maximum temperature, approximately 

1330 K, is observed at the center of the burner,  

indicating this location as the peak combustion zone 

[24]. As the radial distance increases from the burner 

center, the temperature progressively decreases, 

reflecting the dissipation of thermal energy outward 

from the combustion core. The LPG combustion 

model reveals a broader high-temperature zone, 

with a distinct thermal region extending up to a radius  

1310.33 K  1345.59 K  1375.61 K 1361.75 K

(a) LPG 
10.74 kW 17.40 kW 27.05 kW 30.20 kW 

1332.83 K  1322.46 K  1314.82 K 1293.07 K

(a) CNG 
10.74 kW 17.40 kW 27.05 kW 30.20 kW 

Velocity vector, T (K)
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(a) LPG 
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(a) CNG 
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Figure 8	 Comparison of temperature contour for 

Shower burners at mid-plane.
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of approximately 40 mm from the burner center. 

In contrast, the temperature distribution in the CNG 

combustion model demonstrates a narrower flame 

radius, with a notable drop in flame temperature 

beyond 20 mm. This discrepancy is attributed to 

the higher combustion intensity of LPG, which 

promotes more effective heat release and broader 

flame spread [17]. This discrepancy is attributed 

to the higher combustion intensity of LPG, which 

promotes more effective heat release and broader 

flame spread, resulting in superior temperature  

distribution compared to CNG. Across all tested 

power levels, the LPG model consistently yields 

higher flame temperatures than the CNG model. The 

average temperature deviations between LPG and 

CNG were calculated to be 14.49%, 12.78%, 12.87%, 

and 14.63% for 10.74, 17.40, 24.05, and 30.20 kW, 

respectively. These findings underscore the superior  

thermal performance of LPG in this burner configuration  

and highlight its effectiveness in achieving more 

uniform and intense combustion across the radial 

domain [19], [22]. Figures 9(a)–(d) show that LPG 

produces a broader, more uniform flame than CNG. 

On average, LPG’s peak temperature is 14–15% 

higher, indicating greater combustion intensity and 

heat distribution. Its wider thermal spread supports 

more consistent heating, while CNG’s narrower 

flame reflects its lower energy content.

(a) 10.74 kW

(b) 17.40 kW

(c) 27.05 kW

(d) 30.20 kW

Figure 9 Temperature distribution from the model at different power input pressures.
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4. Conclusion 

	 This study addresses the need for cleaner, 

more efficient combustion in Thailand’s ceramic 

industry, where LPG remains prevalent but CNG 

offers lower emissions and cost advantages. CFD 

simulations using ANSYS FLUENT 2021 R2 were 

conducted in two stages: cold-flow analysis for 

fuel–air mixing and hot-flow analysis for combustion  

behavior. A tetrahedral mesh with the RNG k–ε 
model was applied, and validation was performed 

at 4 psi using a K-type thermocouple.

	 Simulation and experimental results showed 

strong agreement, with deviations of 6.52% for  

velocity and 5.30% for temperature. LPG combustion  

achieved a higher peak temperature (1,375.61 K) 

and more uniform temperature distribution, while 

CNG exhibited higher flow velocities due to its 

lower density. These results confirm LPG’s superior  

combustion characteristics and demonstrate 

the viability of CNG with appropriate burner  

modifications. Unlike high-pressure industrial systems,  

this study focuses on simple, cost-effective designs 

tailored for small ceramic kilns highlighting the 

novelty and practical value for resource-limited 

applications. Future work should explore hydrogen-

enriched fuel blends, which offer potential for 

significant CO2 emission reductions.
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