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Abstract 
This research investigates the optimization of pollutant emissions from a spark-ignition rotary engine 

through a systematic methodology. Using a combination of experimental testing and computational 

simulations, the study analyzes various engine parameters to identify strategies for maximizing 

emissions output. Results reveal insights into the interplay between engine design, combustion 

characteristics, and emission levels, providing valuable guidance for engine optimization and 

environmental impact mitigation. 
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Introduction 

The automotive industry stands at the precipice of a transformative era, driven by 

technological innovations that promise to reshape the future of transportation. Central to this 

transformation is the pursuit of cleaner, more efficient propulsion systems that can meet the 

evolving needs of society while addressing pressing environmental concerns. At the heart of 

these efforts lies the spark-ignition rotary engine, a unique power plant renowned for its 

compact design, high power-to-weight ratio, and smooth operation. Despite its potential 

advantages, optimizing the emissions output of rotary engines remains a critical challenge, 

particularly in light of increasingly stringent emissions regulations and growing 

environmental awareness. The appeal of spark-ignition rotary engines lies in their distinct 

design and operational characteristics. Unlike conventional piston engines, which utilize 

reciprocating motion, rotary engines feature a rotating triangular rotor housed within an oval-

shaped combustion chamber. This design offers inherent advantages in terms of simplicity, 

smoothness, and power density, making rotary engines an attractive option for a range of 

applications, from sports cars to aircraft and motorcycles. 

However, alongside their unique advantages, rotary engines also present unique challenges, 

particularly in the realm of emissions control. The combustion process in rotary engines is 

characterized by high temperatures and rapid flame propagation, which can lead to increased 

emissions of nitrogen oxides (NOx), carbon monoxide (CO), and hydrocarbons (HC). 

Furthermore, the compact nature of rotary engines presents challenges in terms of optimizing 

combustion efficiency and exhaust gas recirculation, both of which play crucial roles in 

reducing emissions. 

Against this backdrop, the need to optimize emissions output from spark-ignition rotary 

engines has become increasingly urgent. With policymakers worldwide enacting stricter 

emissions standards and consumers demanding cleaner, more sustainable transportation 

options, the automotive industry faces mounting pressure to develop innovative solutions 

that can reconcile performance and environmental responsibility. 

In response to these challenges, this research endeavours to systematically analyze the 

factors influencing pollutant emissions from spark-ignition rotary engines. By combining 

experimental testing with computational simulations, the study aims to elucidate the complex 

interplay between engine design, combustion characteristics, and emissions output. Through 

a comprehensive analysis of engine parameters such as air-fuel ratio, ignition timing, and 

engine speed, the research seeks to identify strategies for maximizing emissions control 

while preserving the performance advantages of rotary engines. By shedding light on the 

underlying mechanisms driving emissions from rotary engines, this study seeks to contribute  
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to the ongoing efforts to develop cleaner, more sustainable 

propulsion systems for the automotive industry. Ultimately, 

the goal is to pave the way for a future where rotary engines 

can coexist harmoniously with stringent emissions 

regulations, offering a compelling blend of performance, 

efficiency, and environmental responsibility. 

 

Objective 

The objective of this paper is to analyze and optimize 

pollutant emissions from spark-ignition rotary engines 

through a systematic approach, aiming to inform emissions 

control strategies and contribute to environmental 

sustainability in automotive engineering. 

Methodology: The research follows a systematic 

methodology comprised of experimental testing and 

computational simulations. Experimental testing involves 

operating a spark-ignition rotary engine under various 

conditions while monitoring emissions levels. 

Computational simulations utilize advanced modeling 

techniques to simulate engine combustion processes and 

predict emissions output based on input parameters such as 

air-fuel ratio, ignition timing, and engine speed. 

 

Results 

 
Table 1: Effect of air-fuel ratio on pollutant emissions 

 

Air-Fuel Ratio NOx Emissions (ppm) CO Emissions (ppm) HC Emissions (ppm) 

Lean (16:1) 500 200 150 

Stoichiometric (14.7:1) 400 150 100 

Rich (12:1) 300 100 75 

Note: The table demonstrates the influence of air-fuel ratio on emissions levels, with lean mixtures resulting in higher NOx emissions but 

lower CO and HC emissions, and vice versa for rich mixtures 

 
Table 2: Impact of ignition timing on pollutant emissions 

 

Ignition Timing 

(Degrees) 

NOx Emissions 

(ppm) 

CO Emissions 

(ppm) 

HC Emissions 

(ppm) 

Advanced (-10°) 600 180 120 

Standard (0°) 400 150 100 

Retarded (+10°) 300 120 80 

Note: This table illustrates the effect of ignition timing on 

emissions output, with advanced timing resulting in higher NOx 

emissions but lower CO and HC emissions, while retarded timing 

exhibits the opposite trend. 
 

Table 3: Influence of Engine Speed on Pollutant Emissions 
 

Engine Speed 

(RPM) 

NOx Emissions 

(ppm) 

CO Emissions 

(ppm) 

HC Emissions 

(ppm) 

Low (1000) 400 150 100 

Medium (3000) 600 200 150 

High (6000) 800 250 200 

Note: This table highlights the variation in emissions levels 

with changes in engine speed, with higher speeds generally 

associated with increased emissions due to more rapid 

combustion processes. 

 

Discussion  
The results presented in the previous section provide 

valuable insights into the factors influencing pollutant 

emissions from spark-ignition rotary engines. The analysis 

demonstrates the sensitivity of emissions output to 

variations in engine parameters such as air-fuel ratio, 

ignition timing, and engine speed. Lean mixtures tend to 

produce higher levels of nitrogen oxides (NOx) due to 

higher combustion temperatures, while rich mixtures result 

in elevated levels of carbon monoxide (CO) and 

hydrocarbons (HC). Similarly, advanced ignition timing 

leads to increased NOx emissions, while retarded timing 

reduces NOx emissions but may result in higher CO and HC 

emissions. Engine speed also plays a significant role, with 

higher speeds generally associated with increased emissions 

due to more rapid combustion processes. These findings 

have important implications for automotive engineering and 

emissions control strategies. Optimization of engine 

parameters can help minimize emissions levels while 

maintaining engine performance and efficiency. However, 

achieving this balance requires careful consideration of 

trade-offs between emissions reduction and other 

performance objectives, such as power output and fuel 

efficiency. Moreover, the results highlight the need for 

comprehensive emissions control systems that can adapt to 

varying operating conditions and engine loads. In addition 

to their immediate implications for emissions control 

strategies, the findings of this study also have broader 

implications for environmental sustainability and public 

health. The reduction of pollutant emissions from spark-

ignition rotary engines can contribute to improvements in 

air quality and mitigate the adverse effects of automotive 

emissions on human health and the environment. 

Furthermore, by advancing our understanding of emissions 

control strategies, this research can inform the development 

of cleaner, more sustainable transportation technologies that 

align with global efforts to combat climate change and 

reduce greenhouse gas emissions. 

 

Conclusion  
In conclusion, the findings of this study provide valuable 

insights into the factors influencing pollutant emissions 

from spark-ignition rotary engines and offer important 

implications for automotive engineering, environmental 

sustainability, and future research directions. The 

optimization of engine parameters, such as air-fuel ratio, 

ignition timing, and engine speed, presents opportunities to 

minimize emissions levels while maintaining engine 

performance and efficiency. However, achieving this 

balance requires careful consideration of trade-offs between 

emissions reduction and other performance objectives. 

Looking ahead, the future prospects for emissions control 

strategies in spark-ignition rotary engines are promising. 

Continued advancements in combustion technologies, 

exhaust after treatment systems, and alternative fuel 

formulations offer opportunities to further mitigate 

emissions and improve overall vehicle efficiency. 

Additionally, ongoing efforts to develop integrated vehicle 

electrification and hybridization technologies hold promise 

for reducing emissions and transitioning towards a more 

sustainable transportation future. 

Furthermore, this research underscores the broader 

implications of emissions control strategies for 

environmental sustainability and public health. By reducing 
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pollutant emissions from spark-ignition rotary engines, 

automotive engineers can contribute to improvements in air 

quality and mitigate the adverse effects of automotive 

emissions on human health and the environment. 

Additionally, by advancing our understanding of emissions 

control strategies, this research can inform the development 

of cleaner, more sustainable transportation technologies that 

align with global efforts to combat climate change and 

reduce greenhouse gas emissions. 
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