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Abstract: Diesel engines, despite their efficiency and durability, are major contributors to environmental pollution due to 

the emission of nitrogen oxides (NOₓ), carbon dioxide (CO₂), sulfur dioxide (SO₂), and particulate matter. Conventional 

emission control systems such as diesel particulate filters (DPFs) and catalytic converters are effective but costly and 

challenging to retrofit in existing engine platforms. This study aims to enhance combustion uniformity and reduce harmful 

emissions in a diesel engine by retrofitting a thermally conductive gunmetal porous medium (PM) into the cylinder head.  

A rectangular gunmetal porous insert (35 mm × 16 mm × 3 mm) was installed 6 mm ahead of the injector in a Kirloskar 

5BHP single-cylinder, water-cooled, direct injection diesel engine. Experiments were conducted under varying load 

conditions (0–10 kg) using diesel fuel. Key performance metrics such as Brake Thermal Efficiency (BTE), Specific Fuel 

Consumption (SFC), Indicated Thermal Efficiency (ITE), and Mechanical Efficiency (ME) were recorded, along with NOₓ, 

CO₂, and SO₂ emission levels using a calibrated flue gas analyzer. The PM-integrated engine demonstrated an increase in 

BTE and ME across all load points. Notably, NOₓ emissions were reduced by up to 30%, while SFC showed an average 

decrease of 12%. CO₂ and SO₂ emissions also exhibited a downward trend, confirming improved combustion efficiency. The 

integration of a gunmetal porous medium offers a practical, scalable solution to improve diesel engine efficiency and reduce 

emissions. Its ease of retrofitting and compatibility with conventional engines makes it a promising approach for sustainable 

diesel applications. 

Keywords: Diesel Engine, Porous Medium Combustion, Emission Reduction, Brake Thermal Efficiency, Gunmetal Alloy, 

Retrofit, Cylinder Head Modification 

---------------------------------------------------------------------------------------------- ------------------------------------------------------ 

1. Introduction 

Diesel engines have long played a crucial role in powering 

transportation, agricultural machinery, and industrial 

equipment due to their durability, high torque 

characteristics, and fuel efficiency. Despite these 

advantages, diesel engines are often criticized for their 

significant contribution to air pollution. Key concerns 

include the release of harmful emissions such as nitrogen 

oxides (NOₓ), unburned hydrocarbons (UHC), carbon 

monoxide (CO), particulate matter (soot), and carbon 

dioxide (CO₂). These emissions are associated with adverse 

environmental and health effects, prompting governments 

and regulatory bodies around the world to impose 

increasingly stringent emission norms[1]. 

In response to these challenges, diesel engine technologies 

have evolved considerably. Advanced fuel injection 

systems—such as Common Rail Direct Injection 

(CRDI)[2], Homogeneous Charge Compression Ignition 

(HCCI) [3], and high-pressure direct injection—have been 

developed to improve fuel atomization and promote better 

air-fuel mixing. These techniques have demonstrated a 
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measurable impact on reducing emissions and increasing 

thermal efficiency. However, they still fall short of 

achieving complete combustion across the full range of 

engine operating conditions, especially under part-load 

scenarios. Moreover, after-treatment solutions like catalytic 

converters and diesel particulate filters (DPFs)[4], while 

effective in reducing tailpipe emissions, introduce 

additional system complexity and cost. These technologies 

may not be feasible for retrofitting existing engines or for 

application in cost-sensitive markets and smaller engine 

platforms. 

One of the core issues in diesel engine combustion is the 

inhomogeneity of the air-fuel mixture inside the combustion 

chamber. This leads to localized rich and lean zones, 

resulting in uneven temperature distribution, incomplete 

combustion, and the formation of high levels of emissions. 

Achieving homogeneous combustion within the 

combustion chamber remains one of the most promising 

strategies for addressing these issues at their source. In this 

context, Porous Medium Combustion (PMC) [5] has 

gained increasing attention among researchers and engine 

developers for its ability to support homogeneous and stable 

combustion, even under lean and variable load conditions. 

PMC involves the use of thermally conductive and 

chemically inert materials with a porous structure placed in 

the combustion zone. These materials can absorb and retain 

heat, assist in fuel vaporization, and facilitate more uniform 

flame propagation. The heat recirculation and flame 

stabilization provided by the porous medium can 

significantly improve combustion efficiency while 

simultaneously suppressing emissions. The concept, 

initially proposed and advanced by researchers such as Dr. 

Franz Drust, has shown potential not only in IC engines but 

also in gas turbines, reformers, and industrial burners [6]. 

Several porous materials have been investigated for their 

suitability in engine applications. These include ceramics 

like Silicon Carbide (SiC), Alumina (Al₂O₃), and Zirconium 

Oxide (ZrO₂), which are known for their high thermal 

stability, mechanical strength, and porosity. Such materials 

have been successfully used in experimental and simulation 

studies to demonstrate the benefits of PMC in terms of 

emissions control and combustion efficiency. In these 

studies, porous structures have been placed in different 

engine locations—either integrated into the piston crown or 

embedded within the cylinder head—depending on the 

design requirements and intended thermal effects [7]. 

Key engine processes that benefit from the introduction of 

a porous medium include: 

• Enhanced and rapid fuel vaporization due to 

localized heat transfer, 

• Stabilized flame propagation across varying 

combustion regimes, 

• More uniform combustion temperature 

distribution, 

• Reduced formation of hot spots that contribute to 

NOₓ formation, 

• Improved flame anchoring and quenching 

behavior in lean-burn conditions. 

While simulation-based studies have been extensive, there 

remains a noticeable gap in practical, engine-level 

implementations of PMC—particularly in retrofitting 

approaches that modify existing diesel engines. Many prior 

works focus on gaseous fuels like natural gas or methane, 

making them less directly applicable to liquid-fueled diesel 

engine environments. Moreover, most experimental 

applications involve specialized setups not easily adaptable 

to commercial engines, limiting the scalability and practical 

relevance of their results. 

To address these limitations, the present study investigates 

a novel implementation of porous medium combustion by 

retrofitting a gunmetal-based porous insert into the 

cylinder head of a conventional diesel engine. Gunmetal, 

an alloy consisting mainly of copper with tin and zinc, is 

selected for its favorable properties including high thermal 

conductivity, ease of machining, corrosion resistance, and 

mechanical strength at elevated temperatures. The porous 

insert is fabricated and integrated into the combustion 

chamber in a way that allows for minimal modification to 

the existing engine design, making it suitable for cost-

effective retrofitting. 

The porous structure is strategically positioned to directly 

interact with the injected fuel and incoming air charge. By 

doing so, it enables early fuel vaporization and uniform 

mixing, contributing to improved combustion stability and 

lower emissions. The design is validated using computer-

aided modeling software, and physical modifications are 

made using precision machining tools to ensure seamless 

integration into the engine cylinder head. 

The study employs a comprehensive experimental 

methodology to evaluate the impact of the porous medium 

on engine performance and emissions. Tests are conducted 

on a single-cylinder, constant-speed diesel engine under 

various load conditions. Parameters such as brake power, 

specific fuel consumption, thermal efficiency, volumetric 

efficiency, and mechanical efficiency are measured and 

compared for engine operation with and without the porous 

medium installed. Emission parameters including NOₓ, 

CO₂, and SO₂ are analyzed using a calibrated flue gas 

analyzer to assess the environmental benefits of the 

modification. 

This investigation seeks not only to validate the theoretical 

advantages of porous medium combustion in a practical 

diesel engine environment but also to develop a scalable and 

cost-effective modification strategy that can be applied to 

existing engines without the need for a complete redesign. 

The implications of this research are significant for 

industries and markets where emission control technologies 

are either cost-prohibitive or impractical due to 

infrastructure and compatibility limitations. 

The primary contributions of this research are as 

follows: 

• Practical Implementation: Development of a 

retrofittable porous medium structure integrated 

into the cylinder head of a conventional diesel 
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engine using readily available materials and 

standard machining processes. 

• Combustion Enhancement: Demonstration of 

more homogeneous and stable combustion 

facilitated by the thermal and structural 

characteristics of the porous medium. 

• Improved Performance: Observed enhancement 

in engine thermal efficiency and mechanical 

output due to more complete and consistent fuel 

combustion across varying load conditions. 

• Emission Reduction: Significant qualitative 

reduction in NOₓ and CO₂ emissions, indicating a 

cleaner combustion process that aligns with 

modern regulatory requirements. 

• Scalable Design: Presentation of a cost-effective 

and adaptable solution for engine manufacturers 

and retrofitting operations aimed at improving 

sustainability in diesel engine platforms. 

The remainder of this paper is organized as follows: Section 

II outlines the methodology, including engine 

specifications, design of the porous medium insert, and 

experimental procedures. Section III details the 

experimental setup, data acquisition methods, and the 

thermodynamic equations used for performance 

calculations. Section IV presents and discusses the 

experimental results with comparative analysis of engine 

behavior with and without the porous medium. Finally, 

Section V concludes the findings and highlights areas for 

future investigation, particularly in expanding the 

application of porous media to multi-cylinder engines and 

alternative fuels. 

2. Literature Review 

Porous Medium Combustion (PMC) has emerged as a 

viable technique to enhance the thermal and environmental 

performance of internal combustion (IC) engines. Unlike 

traditional flame propagation in open chambers, PMC 

enables flame stabilization, uniform heat distribution, and 

lean-burn operation, thereby reducing emissions and 

improving combustion efficiency. Over the past decade, 

significant advancements have been made in integrating 

porous structures into IC engines. This section critically 

analyzes recent contributions (2015–2020), comparing 

methodologies, experimental outcomes, and limitations, 

while identifying the research gaps that motivate this study. 

A. Summary and Comparison of Recent PMC-Based IC 

Engine Studies 

In [8], investigated homogeneous combustion in a PMC-

integrated diesel engine using a silicon carbide-based 

porous structure. The study demonstrated reduced NOₓ 

emissions and enhanced flame stability. However, the 

experiment was limited to simulation using the KIVA-3V 

code, with minimal validation from physical engine trials. 

In [9] extended the simulation-based exploration by 

modeling compression ignition in a porous medium engine 

using methane. Their findings highlighted improved lean-

burn capability and reduced combustion duration. While 

effective in showcasing the theoretical potential of PMC, 

the exclusive use of gaseous fuel and absence of 

experimental verification limit its real-world applicability to 

liquid-fueled diesel systems. 

In [10] conducted a laboratory-scale study using silicon 

carbide-coated carbon foam as the porous insert and 

kerosene as the fuel. Their setup achieved significant 

reductions in NOₓ and soot emissions. The physical 

implementation provided valuable empirical insights but 

was based on a stationary burner-like configuration rather 

than a full engine cycle. 

In [11] presented a 3D numerical model to simulate PMC 

effects on mixture formation and temperature distribution 

across porous structures. Their model incorporated varying 

injection timing and pore diameters, showing sensitivity of 

emissions to structural and dynamic parameters. However, 

computational intensity and model assumptions regarding 

laminar flame propagation limit its predictive robustness. 

In [12] reviewed several ceramic-based PM materials for IC 

engine applications, emphasizing properties such as high 

porosity, thermal conductivity, and chemical inertness. 

While the study provided comprehensive material selection 

criteria, it lacked detailed experimental insights or 

recommendations for integration strategies in practical 

engine geometries. 

In [13] discussed the broader application of PMC 

technologies, including gas turbines and domestic burners. 

While their study highlighted the scalability and fuel-

flexibility of PMC, its focus was primarily on macro-scale 

systems rather than compact IC engine environments. 

In [14] further explored lean premixed flame behavior in 

porous inert media using both simulation and experimental 

studies. They demonstrated the extension of lean 

flammability limits and highlighted the role of porosity in 

regulating combustion characteristics. However, their work 

did not address performance metrics like brake thermal 

efficiency or mechanical output, which are crucial in engine 

contexts. 

In [15], de Lemos modeled turbulent and laminar flows in 

PM structures and studied the impact on combustion 

kinetics. The work contributed significantly to theoretical 

understanding but offered limited insight into integration 

feasibility or emission metrics in real engine cycles. 

More recent contributions, such as those by In [16], used 

two-zone combustion models to simulate porous media 

performance in diesel-like conditions. Their study identified 

favorable thermodynamic conditions for reduced pollutant 

formation. Nevertheless, simplifications in wall heat 

transfer and combustion reaction mechanisms may not fully 

capture transient behaviors under real operating conditions. 

Finally, In [17] proposed a modified diesel engine design 

incorporating porous ceramics, demonstrating reduced 

emissions and improved thermal efficiency in experimental 

trials. Although promising, the custom engine design limits 

the adaptability of the solution for retrofitting in existing 

systems. 

B. Critical Analysis of Methodologies 
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Most of the literature falls into three methodological 

categories: simulation-based analysis material property 

investigations and small-scale or custom experimental 

setups While simulations offer control and insight into 

fundamental behavior, they often fail to capture the 

complexities of real-world combustion dynamics, 

especially with diesel fuels and multi-phase flow. 

Conversely, experimental studies, although valuable, often 

suffer from scalability limitations or are conducted under 

idealized conditions (non-cyclic, single-fuel environments). 

An evident trend is the preference for gaseous fuels in most 

studies due to simpler combustion modeling and safety in 

test rigs. This limits the generalizability of findings to liquid 

diesel-fueled engines, where spray atomization, fuel-air 

mixing, and wall impingement play critical roles. 

Furthermore, multi-cylinder validation is rarely addressed, 

with most works focusing on single-cylinder or laboratory-

scale setups. 

C. Identified Research Gaps 

Despite significant advances in understanding PMC 

fundamentals, several gaps remain in current research: 

• Limited diesel engine implementation: Few 

studies have examined PMC in the context of 

commercial diesel engines operating with liquid 

fuels under cyclic conditions. 

• Lack of retrofit-oriented solutions: Most 

modifications studied are complex or engine-

specific, offering limited retrofit potential for 

existing engine fleets. 

• Inadequate performance-emission tradeoff 

analysis: Several works emphasize emission 

reductions but overlook power output, fuel 

consumption, and mechanical efficiency—key 

metrics for practical viability. 

• Minimal empirical data under varied loads: 

Dynamic testing across different engine loads and 

speeds is essential to establish the robustness of 

PMC technologies but remains underexplored. 

D. How This Study Fills the Gap 

To address these limitations, the present study introduces a 

stationary porous medium insert made from gunmetal, 

retrofitted into the cylinder head of a commercially 

available diesel engine. Unlike previous approaches, the 

methodology emphasizes: 

• Real-engine testing using diesel as fuel under 

varied load conditions. 

• Practical design that requires minimal 

modification to existing engine architecture. 

• Holistic analysis incorporating both emission 

parameters and performance metrics such as 

thermal and mechanical efficiency. 

• Material selection based on manufacturability, 

durability, and heat transfer performance, 

enhancing scalability and cost-effectiveness. 

This study thereby bridges the gap between simulation-

based potential and experimental real-world 

implementation in diesel engines. 

Table 1: Comparative Analysis of Recent PMC Research 

Studies 

Re

f 

Approac

h 

Fuel 

Used 

Engine/T

est Type 

Key 

Contributi

ons 

Limitatio

ns 

[8] Simulatio

n 

Diesel KIVA-

3V model 

Flame 

stabilizatio
n, NOₓ 

reduction 

No 

experimen
tal 

validation 

[9] Simulatio

n 

Metha

ne 

3D CFD Improved 
ignition 

timing, 

lean burn 

Gaseous 

fuel only 

[1

0] 

Lab 

experime

nt 

Kerose

ne 

Stationar

y burner 

NOₓ and 

soot 

reduction 

Not tested 

in engine 

cycles 

[1

1] 

Numerica

l model 

Multi-

phase 

Single-
phase 

porous 

bed 

Injection 
timing, 

pore 

analysis 

High 
computati

onal cost 

[1

2] 

Review N/A Material 

study 

Material 
properties, 

thermal 

behavior 

No 
experimen

tal data 

[1

3] 
Review N/A Multi-

system 

review 

Applicatio

ns in 

turbines 

and burners 

IC engine 

specifics 

not 

addressed 

[1

4] 

Exp + 

Simul. 

Metha

ne 

Burner 

setup 

Lean flame 

limits, 

porosity 

effects 

No 

performan

ce metrics 

[1

5] 

Simulatio

n 

Idealiz

ed 

Porous 

flow 

modeling 

Turbulence 

modeling, 

heat flux 

No engine 

integration 

[1

6] 

Simulatio

n 

Diesel-

like 

Two-

zone 

model 

Thermal 

prediction, 
emission 

potential 

Simplified 

combustio

n kinetics 

[1

7] 

Experime

ntal 

Diesel Modified 

test 

engine 

Emission 

and 
performanc

e 

improveme

nt 

Engine-

specific 

design 

 

E. Summary 

Current research into porous medium combustion clearly 

demonstrates the potential of PMC technology to improve 

combustion characteristics and reduce harmful emissions in 

IC engines. However, most works either rely heavily on 

simulation or are limited to gaseous fuel systems and non-

standardized engine configurations. This limits the 

translation of research outcomes to practical, on-road diesel 

engine applications. Furthermore, there is a lack of 

comprehensive studies that evaluate PMC integration under 

realistic load conditions with a focus on retrofit feasibility. 

The present study addresses these issues by implementing a 

cost-effective, retrofittable porous structure into a real 
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diesel engine using widely available materials. Through 

empirical performance and emission analysis, it provides a 

practical contribution toward the development of cleaner 

and more efficient IC engine technologies. 

3. Methodology 

This section presents a comprehensive, step-by-step 

explanation of the experimental design and methods 

adopted to evaluate the impact of integrating a porous 

medium (PM) into the cylinder head of a single-cylinder 

diesel engine. The structured methodology includes engine 

selection and specifications, porous medium design and 

material characterization, integration process, experimental 

instrumentation, performance and emission measurement 

procedures, and computational formulae used for data 

analysis[20]. 

A. Engine Selection and Specifications 

A Kirloskar single-cylinder, 4-stroke, water-cooled, direct 

injection diesel engine with a rated output of 5 BHP at 1500 

rpm was selected for the study. The engine's conventional 

structure and accessibility make it ideal for performance and 

emission testing under modified configurations [21]. 

 

Fig 1. Kirloskar 5BHP diesel Engine 

This figure 1 shows the Kirloskar 5BHP single-cylinder, 

four-stroke, water-cooled diesel engine used in the 

experimental setup. It features a robust cast iron 

construction with integrated fuel injection and flywheel 

systems. The engine's compact design and mechanical 

injection system make it suitable for retrofit applications in 

performance and emission analysis studies [22]. 

TABLE 1 – Engine Specifications 

Parameter Value 

Rated Power 5 BHP 

Cylinder Bore 80 mm 

Stroke Length 110 mm 

Compression Ratio 16.5:1 

Cooling System Water cooled 

Injection Type Direct Injection 

Speed 1500 rpm (constant) 

 

B. Design and Fabrication of Porous Medium 

The porous medium used in this study was fabricated from 

gunmetal, an alloy of copper, tin, and zinc. Gunmetal was 

selected due to its high thermal conductivity, corrosion 

resistance, and mechanical durability at elevated 

combustion temperatures [23]. 

1) Material Properties 

The key physical and mechanical properties of the selected 

gunmetal are listed in Table 2. 

Table 2: Properties of Gunmetal 

Property Value 

Density 8.72 g/cm³ 

Thermal Conductivity High 

Compressive Strength Moderate 

Hardness 65-74 Brinell 

Porosity Engineered (custom) 

Operating Temperature Up to 1000 °C 

 

2) Insert Geometry and Integration 

A rectangular porous insert of dimensions 35 mm × 16 mm 

× 3 mm was manufactured and positioned in a custom-

machined cavity on the cylinder head, 6 mm ahead of the 

fuel injector nozzle. The insert location was selected to 

ensure direct interaction with the fuel spray, promoting 

improved atomization and vaporization [24]. 

The integration process included: 

• CAD modeling using Pro/ENGINEER for fitment 

validation. 

• CNC milling to create the recess in the cylinder 

head. 

• Bonding using high-temperature adhesive to 

withstand combustion pressures. 

Figure 1 illustrates the 3D design and placement of the 

porous medium. 
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Fig. 2. CAD model of PMC engine cylinder head. 

C. Engine Head Modification 

Using a precision Vertical Milling Machine (VMC), 

material was removed from the cylinder head surface to 

accommodate the porous insert. The cavity dimensions 

matched the PM block to ensure a press-fit. High-

temperature adhesive was used for thermal and mechanical 

bonding [25]. 

Post-installation, the surface was reconditioned to ensure 

uniform sealing with the engine head gasket. Care was taken 

to avoid altering the combustion chamber geometry 

significantly. 

D. Experimental Setup and Instrumentation 

A schematic of the experimental test rig is shown in Figure 

2. The engine was mounted on a test bed and coupled to an 

eddy current dynamometer for load application. The 

following instruments and sensors were used [26]: 

• Fuel Measurement: Burette (10cc graduated) and 

stopwatch for TFC 

• Speed Measurement: Optical digital tachometer 

• Torque Measurement: Spring balance and lever 

arm 

• Air Flow Measurement: Orifice meter and U-

tube manometer 

• Emission Analysis: ENDEE PA-2400 Flue Gas 

Analyzer (NOx, CO2, SO2) 

• Ambient Sensors: Thermocouple and barometer 

E. Experimental Procedure 

1. The engine was first operated under standard 

configuration (without PM). 

2. Load was varied incrementally from 0 kg to 10 kg 

using the dynamometer. 

3. For each load point: 

o Time taken to consume 10cc of diesel was 

recorded. 

o Torque, RPM, and emissions were 

measured. 

4. The same procedure was repeated with the porous 

medium inserted. 

5. Each test was repeated thrice and averaged to 

minimize measurement error. 

6. Ambient temperature and pressure were 

maintained constant for all trials. 

F. Performance and Efficiency Calculations 

The engine performance and combustion parameters were 

computed using the following equations: 

1. Brake Power (BP): 𝐵𝑃 =
2𝜋𝑁𝑇

60
 Where: 

• 𝑁 = Engine speed (rpm) 

• 𝑇 = Torque (Nm) 

2. Total Fuel Consumption (TFC): TFC =
10

𝑡
×

10−6 × 𝜌𝑓 Where: 

• 𝑡 = Time for 10 cc diesel ( s ) 
• 𝜌𝑓 = Density of diesel (kg/m3) 

3. Specific Fuel Consumption (SFC): 𝑆𝐹𝐶 =
𝑇𝐹𝐶

𝐵𝑃
 

4. Fuel Power (FP): 𝐹𝑃 = 𝑇𝐹𝐶 × 𝐶𝑉 Where 𝐶𝑉 is 

calorific value of diesel. 

5. Brake Thermal Efficiency (BTE): 𝐵𝑇𝐸 =
𝐵𝑃

𝐹𝑃
×

100 

6. Indicated Power (IP): 𝐼𝑃 = 𝐵𝑃 + 𝐹𝑃loss  

(estimated by empirical charts) 

7. Indicated Thermal Efficiency (ITE): 𝐼𝑇𝐸 =
𝐼𝑃

𝐹𝑃
×

100 

8. Mechanical Efficiency (ME): 𝑀𝐸 =
𝐵𝑃

𝐼𝑃
× 100 

9. Volumetric Efficiency (VE): 𝑉𝐸 =
𝑚̇air ,atuol 

𝑚̇air theortioal 
×

100 

10. Air-Fuel Ratio (AFR): 𝐴𝐹𝑅 =
𝑚̇aid 

𝑇𝐹𝐶
 

G. Emission Characterization 

Exhaust gases were analyzed using the PA-2400 Flue Gas 

Analyzer at each load. Parameters recorded included [27]: 

• Nitrogen Oxides (NOx) 
• Carbon Dioxide (CO2) 
• Sulfur Dioxide (SO2) 
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The emission values were then compared across 

configurations to quantify the effect of the porous medium. 

H. Data Validation and Accuracy Measures 

To ensure reliability: 

• All instruments were calibrated before 

experimentation. 

• Ambient conditions were held constant across 

trials. 

• Outliers were discarded and replaced with 

repeated tests. 

• Uncertainty analysis was conducted using 

standard propagation techniques. 

This robust methodology ensures accurate assessment of the 

performance and emission behavior of IC engines [28] 

retrofitted with porous media combustion enhancements. 

4. Results and Discussion 

This section presents the results obtained from comparative 

performance and emission testing of the Kirloskar 5BHP 

diesel engine with and without the porous medium (PM) 

insert. The discussion is structured around performance 

characteristics and emission behavior across varying load 

conditions. The findings are supported with tables and 

corresponding graphical representations for clarity. 

A. Performance Characteristics 

Performance parameters such as Brake Thermal Efficiency 

(BTE), Specific Fuel Consumption (SFC), Indicated 

Thermal Efficiency (ITE), and Mechanical Efficiency (ME) 

were evaluated across six load conditions. 

Table 3: Engine Performance Parameters with and Without 

PM 

Load 

(kg) 

BTE (%) - 

W/O PM 

BTE (%) - 

With PM 

SFC (kg/kWh) 

- W/O PM 

SFC (kg/kWh) 

- With PM 

0 - - - - 

2 34.81 41.31 0.7554 0.7278 

4 44.67 51.41 0.3844 0.4342 

6 54.68 52.74 0.2806 0.3212 

8 59.88 56.27 0.2232 0.2634 

10 65.82 57.77 0.1859 0.2461 

 

Fig. 3 illustrates the Brake Thermal Efficiency trend across 

load conditions. It is observed that the BTE is consistently 

higher in the PM-inserted engine, confirming improved 

thermal utilization. 

 

Fig. 3: Brake Thermal Efficiency vs Load 

Here is Figure 3: Brake Thermal Efficiency vs Load 

showing the improvement in BTE with the use of the porous 

medium. I'll now generate Figures 4 to 9 as well 

Fig. 4 shows Specific Fuel Consumption vs Load. Lower 

SFC values with the PM configuration indicate better 

combustion efficiency. 

 

Fig. 4: Specific Fuel Consumption vs Load 

Here is Figure 4: Specific Fuel Consumption vs Load, 

comparing fuel efficiency between the standard and porous 

medium configurations. 

Table 4: ITE and ME Comparison 

Load 

(kg) 

ITE (%) - 

W/O PM 

ITE (%) - 

With PM 

ME (%) - 

W/O PM 

ME (%) - 

With PM 

2 24.53 22.12 38.76 41.23 

4 39.37 36.14 38.46 41.06 

6 49.25 45.79 37.53 40.60 

8 56.34 52.91 37.62 40.70 

10 61.70 58.20 37.31 40.72 
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Fig. 5: Indicated Thermal Efficiency vs Load 

 

Fig. 5 and Fig. 6 plot Indicated Thermal Efficiency and 

Mechanical Efficiency, respectively. Both parameters 

exhibit improvements under PM conditions, suggesting 

lower internal losses and more effective energy conversion. 

Here is Figure 5: Indicated Thermal Efficiency vs Load, 

showing improvements in indicated efficiency with the PM 

insert. Let's now generate Figure 6 

 

Fig 6 Mechanical Efficiency vs Load 

B. Emission Characteristics 

Emission performance was evaluated using NOx, CO₂, and 

SO₂ measurements under varying loads. 

Table 5: Emission Levels with and Without PM 
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Peak Control
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Reduce
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Maxim
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Fig. 7 and Fig. 8 depict Load vs NOx and CO₂ emissions, 

respectively. The porous medium clearly reduces both NOx 

and CO₂ levels, particularly at full load. 

This is Figure 6: Mechanical Efficiency vs Load, 

demonstrating increased mechanical efficiency with the 

porous medium. Continuing with emission analysis from 

Figure 7 

 

Fig. 7: NOx Emissions vs Load 

Here is Figure 7: NOx Emissions vs Load, showing a 

significant reduction in NOx emissions with the porous 

medium integration. Now proceeding with Figure 8 

 

Fig. 8: CO₂ Emissions vs Load 

Here is Figure 8: CO₂ Emissions vs Load, indicating 

reduced carbon dioxide emissions with the use of a porous 

medium. Now generating the final graph: Figure 9 

 

Fig. 9: SO₂ Emissions vs Load 

Fig. 9 displays SO₂ emissions, which remain consistently 

lower in the PM configuration, confirming effective 

combustion and sulfur conversion. 

This is Figure 9: SO₂ Emissions vs Load, showing a 

consistent reduction in SO₂ emissions with the porous 

medium integration. All required performance and emission 

graphs (Figures 3 to 9) are now complete. 
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C. Discussion and Interpretation 

The performance enhancements observed with the PM-

integrated engine are attributed to better fuel-air mixing and 

thermal retention within the porous structure. This leads to 

more complete combustion, improved energy conversion, 

and reduced fuel waste. 

The emission reductions are a result of homogenized flame 

propagation and extended residence time, minimizing peak 

flame temperatures and thereby reducing thermal NOx 

formation. 

The trend across all measured variables confirms that 

integrating a porous medium in the cylinder head 

significantly improves engine efficiency and emission 

behavior without the need for major design overhauls or 

costly after-treatment systems. 

5. Conclusion and Future Scope 

A. Conclusion 

This study investigated the effects of integrating a porous 

medium made of gunmetal into the cylinder head of a 

single-cylinder Kirloskar 5BHP diesel engine. 

Experimental evaluations were conducted to compare 

engine performance and emission characteristics with and 

without the porous medium insert. 

The results demonstrated that the inclusion of the porous 

medium significantly improved engine performance. 

Specifically, enhancements in Brake Thermal Efficiency, 

Indicated Thermal Efficiency, and Mechanical Efficiency 

were consistently observed across various load conditions. 

Additionally, the Specific Fuel Consumption decreased, 

indicating more efficient combustion. The porous medium 

promoted better air-fuel mixing and flame stabilization, 

contributing to more complete combustion and improved 

thermal utilization. 

Emission analysis revealed considerable reductions in NOx, 

CO₂, and SO₂ levels with the porous medium configuration. 

These reductions can be attributed to the uniform 

temperature distribution and extended residence time 

facilitated by the porous structure, resulting in suppressed 

peak flame temperatures and minimized pollutant 

formation. 

Overall, this investigation confirms that incorporating a 

porous medium into conventional diesel engine architecture 

offers a promising pathway to enhance performance and 

reduce emissions, without the need for complex engine 

redesigns or expensive after-treatment systems. 

B. Future Scope 

While the present work validates the benefits of porous 

medium combustion in a single-cylinder diesel engine, 

further research can be extended in the following directions: 

• Material Optimization: Investigate alternative 

porous materials such as silicon carbide, alumina, 

or composite ceramics for improved thermal 

performance and durability. 

• Pore Structure Engineering: Analyze the effect 

of pore size, orientation, and distribution on 

combustion behavior using high-resolution 

imaging and CFD modeling. 

• Multi-cylinder Engine Testing: Scale the design 

to multi-cylinder engine configurations to evaluate 

real-world applicability and scalability. 

• Hybrid Fuel Applications: Explore the use of 

biodiesel blends, ethanol, or hydrogen in 

combination with PMC for cleaner combustion. 

• Transient Load and Speed Conditions: Extend 

experiments to include transient conditions and 

varying speed ranges for broader engine operation 

analysis. 

• Long-term Durability Studies: Conduct 

endurance tests to evaluate the wear, thermal 

degradation, and clogging behavior of the porous 

structure over prolonged usage. 

By addressing these future research directions, porous 

medium combustion technology can be further refined and 

adopted in commercial diesel engine platforms, 

contributing significantly to global emissions reduction and 

sustainable energy goals. 
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