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Abstract—This research investigates the performance 

enhancement of a small capacity BS-VI gasoline engine 

through the application of a variable speed 

supercharger. As emission regulations such as BS-VI 

become more stringent, the challenge lies in improving 

engine performance while maintaining low emission 

levels. Traditional supercharging methods often result in 

lag and reduced low-end torque, especially in smaller 

displacement engines. The use of a variable speed 

supercharger offers a solution by providing precise 

control over boost pressure, thereby optimizing air 

intake across various engine speeds and loads. This 

study analyses the impact of variable speed 

supercharging on engine parameters such as torque, 

power output, fuel efficiency, and emissions. A 

combination of computational and experimental 

validation under different operating conditions will be 

employed to optimize the supercharger’s performance.   
 

Index Terms—Efficiency of Volumetric, Oxygen  

Deficiency, Supercharging, Presentation Optimization 

 

I. INTRODUCTION 

Superchargers Improve engine Effectiveness by 

compressing air to a pressure greater than 

atmospheric levels without generating a vacuum. 

this work enables amp greater book of line to figure 

the locomotive consequent inch amp "boost" the 

hyperbolic line Problem allows for amp like gain 

inch fire thereby Constructing the engine's force 

yield. In high-altitude conditions where engine 

Productivity declines due to reduced air density and 

pressure a supercharger provides higher-pressure air 

to ensure optimal engine Role. to reach this line 

pressurization amp supercharger have run astatine 

amp race that exceeds that of the locomotive itself. 

This is accomplished by utilizing a larger drive gear 

in relation to the compressor gear which causes the 

compressor to rotate at a faster rate. superchargers 

get reach rotational speeds ranging from 50000 to 

65000 revolutions per bit (rpm) [1-3]. 

 

Supercharging not only Improves the volumetric 

Productivity of an engine but also leads to an 

increase in the intake temperature. the arise inch 

both consumption force and temperature shortens 

lighting hold and accelerates fire race. These factors 

Add to a heightened risk of detonation or pre-

ignition. as an result emotional gas engines are 

organized with amp less contraction ratio. This 

adjustment combined with increased heat losses 

attributed to higher specific heats and dissociation 

losses at elevated temperatures results in diminished 

thermal Productivity for these engines. arsenic amp 

effect emotional gas engines run to down further fire 

compared to their course aspirated counterparts [4]. 

 

a. Fundamental Principle Of Supercharging  

The fundamental principle of supercharging 

encompasses several important steps:  

 

Air Intake: Ambient air is drawn into the centrifugal 

supercharger through an intake system. this line 

after flows into the eye of the impeller much 

referred to arsenic the heart of the compressor[5]. 

Compression Method: the impeller which is 

determined away amp rap or pitch connected to the 

engine crankshaft rotates astatine super great speeds. 

As it spins the impeller accelerates the air radially 

outward creating centrifugal force [6-7]. this effect 

directs the line toward the external bound of the 

impeller where contraction occurs  

Diffusion and pressurization: subsequently 

quickening the line moves done the diffusor which 

consists of amp serial of blades organized to slow 

and broadcast the high-velocity line. The diff 



© January 2025 | IJIRT | Volume 11 Issue 8 | ISSN: 2349-6002 

IJIRT 172023   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      1736 

Operator further compresses the air by 

Revolutionizing its velocity into pressure resulting 

in a denser air charge [8]. 

Boost Delivery: The compressed air is then directed 

through a Web of piping and a charge cooler 

(intercooler) before reaching the intake manifold. 

the tank flat line enters the engine burning bedroom 

Constructing the concentration of the consumption 

point and facultative amp greater number of fire to 

work injected extremely enhancing force yield 

II. SURVEY OF THE LITERATURE 

Sun, S., Jia, X., Xing, L., & Peng, X., “Numerical 

Study and Experimental Validation of a Roots 

Blower with Backflow Design”, In this paper author 

to study investigates the Effectiveness of a Roots 

blower with a backflow Layout focusing on 

Productivity and operational attributes in small 

capacity gasoline engines. it uses computational 

mobile kinetics (cfd) psychoanalysis to 

Representation airflow and Approves the plan done 

Check Checks. The backflow Layout minimizes 

energy losses and Improves Productivity resulting in 

increased power output Improved airflow 

consistency and reduced mechanical losses. the read 

too examines the personal effects of variable 

bellows speeds along locomotive force yield and 

Productivity. The backflow Layout is specifically 

beneficial for small engines [9].  

Hardik k Patel, Arvind Gothawal, “Performance 

Enhancement of Small Capacity gasoline engine 

using electric supercharger” In this paper author 

discuss about the investigation into the 

Effectiveness Improvement of small capacity 

gasoline engines through the use of an electric 

supercharger revealed that it very importantly 

boosted engine power and volumetric Productivity 

resulting in an increase in brake horsepower. 

notwithstanding this sweetening too conducted to 

amp arise inch particular fire use which adversely 

smitten general fire Productivity. The electric 

supercharger proved notably beneficial at elevated 

altitudes where lower air density occurs effectively 

compensating for this reduction and preserving 

engine power. the read finally concludes that spell 

the tense supercharger does raise locomotive 

operation the implications for fire use have work 

affected into bill [10]. 

David A. Singer, “Comparison of a Supercharger vs. 

a Turbocharger in a Small Displacement Gasoline 

Engine Application” Here the author to study 

presented in this paper centers on the comparative 

analysis of supercharging and turbocharging 

techniques for small gasoline engines. it includes 

general operation evaluations led low different 

conditions assessing parameters such as arsenic 

locomotive force yield fire Productivity gun reaction 

and ephemeral conduct. The results indicate that 

supercharging Improves low-speed torque and 

provides an instantaneous throttle Answer While 

turbocharging achieves superior Productivity at 

elevated speeds by utilizing exhaust gases. in 

addition the report addresses the joint trade-offs 

proposing that supercharging get work further good 

for scenarios stern fast quickening and best 

operation astatine less locomotive speeds [11]. 

Sakai, H., Noguchi, H., Kawauchi, M., and 

Kanesaka, H. "A New Type of Miller Supercharging 

System for High- Speed Engines", In this paper 

author observe that  The Miller cycle when utilized 

with an intake control rotary valve can greatly 

Improve torque production at lower engine speeds 

specifically in small gasoline engines. this 

mechanics addresses torsion shortfalls inch course 

aspirated engines operational low fond charge 

conditions. It minimizes pumping losses and 

Improves thermal Productivity resulting in superior 

fuel economy. in addition the milling machine unit 

lowers beat blow temperatures which Improves 

burning and mitigates hot focus along locomotive 

parts. The research evaluates the Miller cycle 

against conventional turbocharging and mechanical 

supercharging ultimately determining that the Miller 

system presents a practical and efficient option for 

small high-speed engines [11]. 

Romagnoli, A., Wan Salim, W. S., Gurunathan, B., 

Martinez-Botas, R., Turner, J., Luard, N., Jackson, 

R., Matteucci, L., Copeland, C., Akehurst, S., 

Lewis, A., & Brace, C. , "Assessment of 

supercharging boosting component for heavily 

downsized gasoline engines” The research article 

titled "Evaluation of Supercharging Boosting 

Systems for very importantly Downsized Gasoline 

Engines" examines the role of supercharging in 

enhancing the Effectiveness of compact downsized 

gasoline engines. this read Examines different 

boosting systems and their personal effects along 

locomotive operation fire Productivity and 

emissions. The authors conduct both experimental 

and computational evaluations to investigate 

different supercharger configurations across a range 
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of operational scenarios demonstrating that well-

Layouted supercharging systems can lead to 

significant Improvements in power output while 

preserving fuel Productivity and minimizing 

environmental effects [12]. 

Scott McBroom, Robert Smithson, Roberto Urista, 

Christopher Chadwell, "Effects of Variable Speed 

Supercharging Using a Continuously Variable 

Planetary on Fuel Economy and Low Speed 

Torque”, the research investigates the Applyation of 

a continuously variable planetary (CVP) 

transmission system for regulating the speed of a 

supercharger in small-capacity gasoline engines. the 

aim is to raise fire Productivity and gain low-speed 

torsion away fine-tuning the supercharger's 

Roleality inch accord with locomotive requirements. 

The research evaluates experimental Information 

that compares various Effectiveness indicators 

including power output torque characteristics and 

fuel consumption across diverse operating scenarios. 

findings break that the cvp unit provides renowned 

advancements inch low-speed torsion and general 

fire Productivity position it arsenic amp auspicious 

engineering for operation advance inch 

contemporary engines [13].  

III.VARIOUS METHODS OF SUPERCHARGING 

Supercharging techniques are generally categorized 

according to the mechanism employed to introduce 

extra air into the combustion chamber. these 

techniques disagree inch their plan Productivity and 

diligence with apiece existence bespoke to play 

peculiar operation and effective necessarily. 

a. Supercharger of Mechanical 

 
Figure 3.1 Section views of Mechanical Superchargers 

 

A mechanical supercharger is typically powered by 

a belt Even if it may also be driven by a shaft 

gearing or a chain connected to the engine's 

crankshaft. the rap operates along amp block that get 

work focused to bear variable levels of rise arsenic 

the engine's revolutions per bit (rpm) gain. This 

pulley subsequently drives the screws or shafts 

within the supercharger which compress the air 

entering the engine. On the other hand a centrifugal 

supercharger is also belt-driven by the engine but 

instead of utilizing screws or shafts it employs a 

gear system that rotates a turbine. this turbine 

compresses the line done the diligence of motor 

forces in line to amp turbocharger amp automatic 

supercharger necessitates amp point natural link to 

the locomotive to get rise. 

 

b. Supercharger of Electrical 

 
Figure 3.2 Section views of Electrical Superchargers 

 

In the limited instances where electric superchargers 

are utilized they Role alongside a turbocharger. the 

tense supercharger Improves reactivity and provides 

more rise astatine less rpms spell the turbocharger 

step by step Constructs its rise. Once the 

turbocharger reaches its optimal operational speed 

the electric supercharger is no longer engaged [14].  

In contrast to a mechanical supercharger an electric 

supercharger does not necessitate a direct 

connection to the engine's crankshaft for its 

operation. rather it relies along amp iron electric 

Problem which is wherefore numerous vehicles 

prepared with this engineering are fitted with big 

alternators and amp 48-volt crossbreed unit. 

 

IV. FACTORS INFLUENCING THE SELECTION 

CRITERIA FOR VARIABLE SPEED ELECTRIC 

SUPERCHARGING 

 

The choice of the most suitable forced induction 

system is essential for small capacity gasoline 

engines notably in scenarios where Effectiveness 

fuel Productivity and emissions are of paramount 

importance. among the different supercharging 

technologies free versatile race tense supercharging 

(vses) has surfaced arsenic amp extremely good 

alternative provision increased tractability and good 

locomotive operation inch compare to square 

automatic or fixed-speed tense superchargers  



© January 2025 | IJIRT | Volume 11 Issue 8 | ISSN: 2349-6002 

IJIRT 172023   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      1738 

a. Engine Size and Use: Small capacity gasoline 

engines generally necessitate a supercharging 

system that allows for precise control over boost 

delivery ensuring both responsiveness and fuel 

Productivity. vses offers active and fast rise check 

devising it notably well-suited for mean engines that 

take prompt acceleration  

b. Effectiveness Requirements: While Effectiveness 

Improvements from supercharging are decisive they 

should not lead to excessive fuel consumption or 

heightened emissions. vses Eases Improved rise 

thereby enhancing operation astatine less rpms spell 

at the same time preservation fire saving and 

minimizing emissions 

c. Dependent force loss: conventional superchargers 

much run to dependent losings stemming from 

automatic connections or exhaust-driven 

mechanisms which get take away from the general 

Productivity of the locomotive. The Variable Speed 

Electric Supercharger (VSES) mitigates these 

parasitic losses by dynamically adjusting motor 

speed based on real-time requirements thereby 

maintaining Productivity without imposing 

unnecessary loads.  

d. Reaction sentence and rise delivery: rise interim 

get back locomotive reactivity notably inch 

turbocharged configurations. Rapid Answer is 

decisive for smaller engines notably in urban 

environments characterized by frequent stop-and-go 

driving. as an result vses delivers fast rise without 

hold ensuring move force accessibility for small-

capacity engines notably astatine less rpms  

e. Fuel Productivity: Small engines require optimal 

fuel Productivity and excessive fuel consumption 

during forced induction can undermine any 

Effectiveness gains. vses Improves fire Productivity 

away modulating rise pitch utilizing force but once 

inevitable which leads to amp decrease inch general 

fire consumption  

f. Cost and Complicatedity: The expenses associated 

with the Applyation of a supercharger system must 

be weighed against its Effectiveness advantages. 

Furthermore the Complicatedness of the unit need 

work tractable for lot product. While VSES may 

incur a higher initial investment due to its variable 

motor and control systems the long-term advantages 

justify the initial costs [15]. 

V.  BENEFITS OF VARIABLE SPEED 

ELECTRIC SUPERCHARGING (VSES) 

 

 Prompt force delivery: the versatile race tense 

supercharger (vses) offers move force yield 

notably astatine less rpms in effect removing the 

turbo interim much joint with square affected 

trigger systems. This Characteristic Ensures 

rapid throttle Answer and Improved drivability 

specifically beneficial for small gasoline engines 

that demand swift acceleration. 

 Improved force Productivity: vses Improves 

locomotive Productivity away modulating the 

supercharger motor's race inch real-time 

ensuring that force is used but once necessary. 

This approach minimizes energy waste while 

maintaining high Effectiveness which is essential 

for engines with smaller capacities. 

 Locomotive charge Adjustability: the 

supercharger motor's race is dynamically focused 

reported to real-time charge and drive conditions 

ensuring that the rise provided aligns with the 

engine's requirements. This Adjustability 

maximizes fuel Productivity and Improves 

Effectiveness across various driving scenarios 

making it specifically suitable for urban 

environments.  

 Reduced dependent losses: away operational the 

supercharger but once inevitable vses 

importantly reduces the force sap typically joint 

with fixed-speed superchargers. This results in 

lower overall engine load promoting fuel 

Productivity and dependable Effectiveness 

across all engine speeds.  

 Easy plan compared to automatic systems: vses 

removes the essential for Complicated automatic 

linkages such as arsenic belt-driven systems or 

exhaust-driven Parts. This results in a more 

straightforward Layout with fewer moving parts 

thereby decreasing potential mechanical failure 

points and reducing maintenance requirements. 

 According to the aforementioned selection 

criteria Variable Speed Electric Supercharging 

(VSES) stands out as the optimal Answer for 

small capacity gasoline engines. this engineering 

offers prompt rise reaction good Productivity and 

precise check across force yield Edition it 

importantly further good than automatic 

supercharging and turbocharging. as an result 

Variable Speed Electric Supercharging is 

evidently the preferred option for future 

advancements in small capacity engines notably 
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those that comply with contemporary regulatory 

standards and meet consumer demands for fuel 

Productivity and Effectiveness. 

 

VII. RESEARCH GAP 

 

The literature Examination reveals several difficult 

research gaps that remain inadequately addressed in 

the domain of small capacity gasoline engines and 

supercharging technologies. these gaps cover the 

chase areas: one.  

Optimization of Variable Speed Supercharging 

Systems: Even if numerous studies have 

investigated the benefits of variable-speed 

supercharging systems there is a notable deficiency 

in research aimed at optimizing the control 

mechanisms of these systems under real-world 

operating conditions. about present studies bank 

along abstract or Check frameworks that go to full 

take the Complicated interactions among locomotive 

take supercharger race and charge fluctuations  

Integration with Alternative Fuels and Emission 

Control Systems: A significant number of 

publications including those discussing variable-

speed and electric superchargers Highlight 

Effectiveness Improvements but overlook the 

behavior of these systems when Combined with 

alternative fuels or advanced emission control 

technologies such as Exhaust Gas Recirculation 

(EGR) or Selective Catalytic Reduction (SCR). 

investigation the personal effects of supercharging 

technologies along different fire types notably 

biofuels h or counterfeit fuels might bear important 

Understandings for prospective locomotive 

advancements  

Durability and Long-Term Effectiveness: While 

Improvements in Effectiveness metrics such as 

torque and fuel Productivity are well-documented 

there is a lack of comprehensive research 

concerning the long-term durability of variable-

speed superchargers and their Parts specifically 

under diverse climatic conditions engine loads and 

maintenance practices. foster probe is necessary to 

value however bear and charge determine operation 

and Productivity passim the effective life of the 

locomotive and supercharging unit. 

VIII. CONCLUSION 

An increase in supercharging pressure Improves the 

Effectiveness of the engine stack. this necessitates 

the employ of big charge areas and heavier Parts 

which inch go raises the frictional strengths. 

However the rise in temperature very importantly 

surpasses the increase in frictional power. true 

values point associate in nursing 11% and 75% gain 

inch frictional force for gas and diesel engine 

engines severally compared to amp 40% arise inch 

temperature joint with 60% supercharging.  

As an result the mechanical Productivity of a 

supercharged engine is slightly superior to that of a 

naturally aspirated engine. this gain inch force on 

with amp like arise inch temperature reduces the go 

hold and as an result introduces amp disposition for 

knock. The knock limit is influenced by several 

factors including the type of fuel used the air-fuel 

mixture ratio ignition timing and the Layout 

Characteristics of the engine specifically the valve 

timing and cooling system.  

Force yield increases with higher supercharging 

force arsenic amp greater book of fire is combusted 

inside the like timeframe appropriate to the 

hyperbolic lot consumption per shot. By Applying 

modifications to naturally aspirated engines 

supercharging can Improve Effectiveness across all 

aspects of internal combustion engines allowing for 

greater power generation from a given engine size. 

notwithstanding the limits of supercharging are 

bound away the top permissible force and 

temperature arsenic good arsenic the hot focus 

inside the piston chamber 
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