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Abstract - One of the common problems faced by single cylinder S.I. engine is incomplete burning of charge. Such a problem leads to weak 

performance and low efficiency of the engine. The carburetor used in S.I. engine is not capable to give the proper homogeneous mixture of the 

charge. The efficiency of the combustion can be improved by enhancing the homogeneity of charge in inlet manifold of S.I. engine. Researchers 

are working on various designs and analyzing the different shapes of engine manifold for getting proper homogeneous mixture. Using CFD the 

charge homogeneity analysis can be done. Swirling motion of the charge inside the inlet manifold improves the homogeneity of charge. In this 

paper the homogeneity enhancement from few research papers and an attempt is made to predict current scenario and scope of the topic.  
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I.  INTRODUCTION 

 Now a day‟s NGT (national green tribunal) norms are very 

strict about emission of hazardous gases from the automobiles. 

For betterment of human kind even Supreme Court imposed 

ban on diesel vehicles in Delhi. In automobile sector there is 

need of replacement of diesel engines by petrol engines. As 

fuel is more costly than diesel there is needs of improvement in 

is efficiency. In automotive engineering an inlet manifold is the 

important part of engine that supplies the fresh charge (air-

fuel) to the cylinder. The primary function of the intake 

manifold is to supply the combustion mixture to each stroke of 

the engine. Even distribution is important to optimize the 

efficiency and performance of the engine there are various 

factors that influence the performance of engine such as 

compression ratio, atomization of air-fuel, and quality of fuel, 

air fuel charge ratio, intake temperature and pressure and also 

based on piston design, inlet manifold, and combustion 

chamber designs etc. Growing demand on reduction of exhaust 

emission and fuel consumption with increase of its 

performance new designs and optimization of existing ones are 

introduced. An inlet manifold or intake manifold is the part of 

an engine that supplies the only fresh air fuel charge to the 

engine cylinder .The primary function of the intake manifold is 

to evenly distribute the combustion mixture to each stroke of 

engine. In this experiment reduce the exhaust emission of 

engine by providing obstacle in flow by using synthetic beads 

that is in between carburettor to engine manifold and also 

provide internal threads thread to inlet manifold. Because of 

this modification in inlet condition of engine their chances of 

creating turbulence and swirling effect in engine. 
 

A. Objective and Scope of work 

 SI engine has inherently high thermal efficiency 

and low CO2 emissions however, reduction of NOx and 

particulate emissions are necessary. Concerns on the 

environmental pollution have led to the imposition of stringent 

emission regulations for petrol engines in articular NOx. From 

the above circumstances it is of interest to study the various 

methods for reduction of NOx. The main objective of the 

present investigation is an attempt to modify the parameters 

that influence NOx emissions without compromising the output 

performance of SI diesel engine. Using CFD, an attempt is 

made to predict flow in inlet manifold valve with swirl fixed in 

flow of fuel to the combustion chamber. 

It is proposed to attempt predictions for different 

configurations in the inlet manifold valve. For this purpose 

three inlet manifold valve configurations viz. (i) Used of beads 

in inlet manifold (ii) Internal Threaded inlet and (iii) 

Combination of both (Swirl and threaded) are considered. 

From predictions it is expected to know the effect of beads and 

internal thread configuration on the in-cylinder fluid dynamics 

and an emission formation in SI engine can maximum swirl 

and improves the homogeneity. 

II.  LITERATURE REVIEW 

Ammar A. Al-Rousan and Mousa Al-Ajlouni, [1] 

Studied on improvement of fuel economy and reduction 

emission for a gasoline engines by homogeneity enhancement 

of the charge. In this paper one of the common problems of the 

SI ICE that depends on a carburetor is that the fuel and air are 

mixed inhomogeneous. Such a problem leads to weak 

performance and low efficiency of the engine. This work is a 

part of researches that tried to increase the efficiency of the 

combustion by improving the mixing process. A Suggested 

design has been given that provides the engine with a 

homogeneous mixture by initiating swirl motion during the 

mixing process in the intake manifold. The proposed device 

can be installed at the entrance of the engine to improve the 

mixture quality by converting the straight flow entering the 

engine into a spiral or swirling form. It also helps in breaking 

the fuel particles into smaller parts as a result of continuous 

collision o with the device loops. This process increases the 

number of particles in the mixture producing a homogenous 

flow which is easy to evaporate on combustion chamber at all 

engine speeds. Such type of a homogeneous mixture is easy to 

burn and to be consumed effectively by the engine. As a result 

of integrated the device to real life engines, the specific fuel 

consumption has been reduced and the air pollution decreases. 

http://www.ijritcc.org/


International Conference on Recent Trends in Engineering Science and Technology (ICRTEST 2017)                                                         ISSN: 2321-8169 

Volume: 5 Issue: 1(Special Issue 21-22 January 2017)                                                                                                                                               457 - 466 

______________________________________________________________________________________________ 

458 

IJRITCC | January 2017, Available @ http://www.ijritcc.org                                                                 

_________________________________________________________________ 

 

The results showed a significant increase in the combustion 

efficiency that reduces the fuel consumption by (10-15 %) and 

also reduces the exhaust temperature that reduces pollutions. 

Dr. PankajN.Shriraoet.al., [2], carried out the 

research work on the effect of swirl induction by internally 

threaded inlet manifolds on exhaust emissions of single 

cylinder (DI) diesel engine. The aim of paper is to design 

different types of inlet manifolds for direct injection (DI) 

single cylinder diesel engine in order to create the turbulence 

by swirl. A good swirl promotes the fast combustion and 

improves the efficiency. The engine should run at low speeds 

in order to have low mechanical losses and fast combustion, 

enabling good combustion efficiency. Therefore to produce 

high turbulence prior to combustion within the cylinder, swirl 

induced by the inlet manifold will be helpful. This paper aims 

at studying the effect of air swirl generated by directing the air 

flow in intake manifold on engine performance as well as on 

its exhaust emissions. The turbulence is achieved in the inlet 

manifold with different types of internal threads of constant 

pitch. In view this, experimental investigation has been carried 

out to find the effect of swirl on the performance 

characteristics of the engine as well as on its exhaust 

emissions , by inducing swirl in inlet manifolds with three 

different types of internal threads viz. acme, buttress and 

knuckle threads of constant pitch. It is inferred that, the inlet 

manifold with buttress threads gives better performance and 

yields less exhaust emissions compared to inlet manifolds with 

acme and knuckle threads. This is because inlet manifold with 

buttress threads achieved a higher swirl coefficient and swirl 

ratio compared with inlet manifolds having acme and knuckle 

threads. 

Dr. Pravin P. Rathod et.al. [3] Experimental 

Investigation on Performance and Emission of IC-Engine by 

Modifying Inlet Manifold. Turbulence means a random motion 

in 3D with varying size superimposed on one another and 

randomly distributed within the flow. An experimental 

investigation is carried out by modifying inlet manifold to 

understand the effects on performance and exhaust emission. 

For this research work, 4-stroke, air cooled, single cylinder, 

direct injection, natural aspirated diesel engine was used. 

Geometrical design of intake manifold is very important for the 

good performance of IC engine. Internal buttress threads were 

made in intake manifold of engine. Three such manifolds of 

same configuration with three different pitches and three 

different types of swirling devices are experimentally checked. 

To modify the intake manifold first a 3-D model of actual 

manifold is made in design software (PTC CREO 3.0) and then 

its 2-D sheet was prepared in AUTOCAD for its production in 

CNC machine. Brake specific fuel consumption (BSFC), brake 

thermal efficiency and emission including CO, unburnt HC and 

NOx is compared amongst the combinations of inlet manifold 

having same type of threads with three different types of pitch 

and three types of swirling device. All experiments are 

conducted at different loading conditions using an electric 

alternator generator and the exhaust analysis is carried out with 

the help of multi gas exhaust emission meter. The reported 

work aims for the selection of combination of optimum 

dimension of buttress threads and the optimum swirling device 

to get best improvement in performance and emission by 

producing maximum swirl in inlet air. 

Pravin D. Solanki. Deshmukh et.al.,[4] effect of air 

induction system design on compression ignition engine 

performance in present scenario, engine performance 

enhancement by reduction in fuel consumption and reduction 

in emissions are objectives of car manufacturers. 

Understanding of aspects involved in the combustion chambers 

of C. I. engines is essential to attend these objectives. 

Compression ratio, atomization of fuel, fuel injection pressure, 

and quality of fuel, combustion rate, air fuel ratio, Air intake 

temperature or pressure in the cylinder and also based on 

piston design, air induction system, and combustion chamber 

designs etc. are different factors affecting the performance of 

engine. Air induction system design is one of the best methods 

to enhance the C.I. engine performance. Air induction system 

design should be done in such a way that considering the 

complete system objectives. Efficient air induction system 

development requires minimum fuel consumption and 

maximum utilization of air pressure for reduction of the 

exhaust emissions from C.I. engine and also for effective 

utilization of fuel energy. In this paper, air induction system, 

especially low air induction pressure problem is a subject of 

specific interest for design and development of air induction 

system with air induction pressure control activities are 

focused. 

III. METHODOLOGY 

The ANSYS CFD domain is based on the finite 

volume approach where the computational domain is divided 

into control volumes by a computational mesh which can 

dynamically distort to accommodate for moving boundaries 

like piston and valves. The governing equations for the 

conservation of mass, momentum, energy, an species 

concentration for gas and spray droplets, together with an 

equation of stage, are approximated by algebraic forms for 

each mesh cell. The resulting set of equation of state, are 

approximated by algebraic forms for each mesh cell. The 

resulting set of equations is solved numerically to obtain the 

gas and spray motions, the fuel evaporation, mixing and 

combustion. The small-scale turbulence effects are modelled 

indirectly within the Reynolds averaging framework, using 

high Reynolds number k −ε turbulence models with associated 

wall functions. 

 

A. Basic Governing Equations 

Continuity: 

 
Where, αk- volume fraction 

ρk- Density 

μk - mean phase velocity 

 

In addition, the volume fractions must satisfy 
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Momentum: 

 
Where, 

and  - laminar and turbulent stresses, respectively 

p - Pressure, assumed to be equal in both phases 

Mk - inter-phase momentum transfer per unit volume 

(fint)k- internal forces 

g - gravity vector 

The inter-phase momentum transfer represents the sum 

of all the forces the phases exert on one another and satisfies 

Mc=-Md.The internal forces represent forces within a phase. 

In the current release, they are limited to particle-particle 

interaction forces in the dispersed phase. 

Energy: 

Energy is solved for static enthalpy in chemico-thermal 

 
Where, 

hk - Static Enthalpy 

λk- Thermal Conductivity 

Tk - Temperature 

- Turbulent eddy viscosity 

 - Turbulent thermal diffusion Prandtl number 

Qk - Inter-phase heat transfer. 

 

Turbulence: 

Flow turbulence is modelled based on the High Reynolds 

number k-ε model. Modified equations are solved for the first phase 

and the turbulence of the second phase is correlated using semi-

empirical models. The additional terms account for the effect of 

particles on the turbulence field. 

 

 
Where , 

ck - continuous phase turbulent kinetic energy 

cμ- continuous phase molecular viscosity 

σk - turbulent Prandtl number for k equation 

ε - dissipation rate of kc 

σε - turbulent Prandtl number for ε equation 

C1 ,C2 - constants for High Reynolds number k −ε 

model. 

 
And the terms Sk2 and Sε 2 represent two-phase interactions. 

 

B. Lagrangian Model (Dispersed Multi-Phase Flow): 

In case of the flow consists of a continuous phase, 

which may be gaseous or liquid, and one or more dispersed 

phases in the form of liquid droplets or gases bubbles. In 

general, the motion of the dispersed phase will be influenced 

by that of the continuous one and vice versa via displacement 

and inter-phase momentum, mass and heat transfer effects. The 

strength of the interactions will depend on the dispersed 

particle‟s size, density and number density. If the flow is 

laminar, each element released from a point will follow a 

smooth unique trajectory, i.e. the motion is deterministic. On 

the other hand, individual elements introduced into a turbulent 

carrier flow will each have their own, random path due to 

interaction with the fluctuating turbulent velocity field. 

Elements may also interact with each other (i.e. collision). 

In case of dispersed phase is volatile, soluble or 

reactive, mass transfer occurs between the phases. This is 

accompanied by inter phase heat transfer, which may also arise 

due to the inter-phase temperature differences. Inter-phase 

mass transfer causes size changes in the dispersed elements. 

Thus, even if the initial size distribution is uniform, these 

effects will produce a variable-size population. 
 

C. Basic Conservation Equations (Dispersed Phase) 

             The instantaneous fluid velocity and droplet velocity 

are denoted by 'u' and „ud‟, respectively. The subscript d 

denotes the droplet/dispersed phase, non-subscripted quantities 

are taken to refer to the continuous phase and the droplet 

position vector is denoted by dx. The conservation equations 

for droplets in the Lagrangian framework are as follows: 

Momentum: 

The momentum equation for a droplet of mass d m is 

 

 

Mass: 

In the presence of mass transfer at a rate m F per unit surface 

area, the droplet mass rate of change is given by 

                                                      

 

Energy: 

The droplet energy balance takes into account the mechanisms 

of surface heat transfer rates qd‟‟ per unit surface area and 

loss/gain due to phase change, thus: 

 

D. Components Of  Experimentation 

Experiment is carried out on different condition stated below. 

 Simple inlet manifold. (SIM) 

 Beads and simple inlet manifold. (B&SIM) 

 Threaded inlet manifold. (TIM)  

 Beads and threaded inlet manifold. (B&TIM) 

F. Experimental Set Up 

In the present work the effects of swirl on the 

performance characteristics of the engine, by inducing swirl in 

inlet manifolds with buttress internal threads of constant pitch 

of 2 mm and beads in flow. The experiments are conducted on 

a single cylinder hero Honda four stroke single cylinder 

engine. The general specifications of the engine are given in 

table-1. Water cooled eddy current dynamometer is used for 

the tests. The engine is equipped with electro-magnetic pick 

up, piezo-type cylinder pressure sensor, thermocouples to 

measure the temperature of water, air and gas, Rota meter to 

measure the water flow rate and manometer to measure air 

flow and fuel flow rates. 
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Fig.1.Petrol Engine Test Rig 

 

 

Table.1.Engine Specification 

Sr. 

No. 

Engine 

Parameters 
Specifications 

1.  Engine Type 
4 Stroke, Single Cylinder, Air 

Cooled 

2.  Number of 

cylinders 
One 

3.  Bore Diameter 80mm 

4.  Stroke Length 110mm 

5.  Rated Power 7.4 BHP @ 8000 RRPM 

6.  Rated Speed 8000 RRPM 

7.  Compression Ratio 6.5-10 

 

All the tests with different assembly were conducted 

for a constant engine speed of 1500 rpm and with constant 

loads on engine. Tests were carried out for a 190 bar original 

fuel injection pressure and different injection timing before top 

dead center. The arrangement to adjust injection timing is 

shown in fig. 1.3. The engine is coupled with eddy current 

dynamometer. The engine was first tested with petrol fuel for 

no load for 20 min at a rated speed of 1500 rpm until cooling 

water exit temperature is constant. The same conditions were 

maintained throughout the experiment for different fuels. 

 

Fig.2.Simple inlet manifolds 

 

Fig.3. Threaded Inlet Manifold 

 

Fig.4. Beads in flow with simple inlet manifold. 

 

III. DEFINING A PROBLEM SETUP IN CFD 

 

A. SI Petrol Engine Problem Setup In CFD: 

Spray and combustion modeling pose a challenging 

problem to CFD. The flow, mixing heat transfer and 

combustion processes occurring within the gas and spray are 

strongly coupled and highly unsteady, with time and length 

scales ranging over several orders of magnitude. Each of these 

processes requires detailed understanding and adequate 

modeling. However, considerations of computational time and 

cost are often equally essential. 

 

1. Gas-phase Modeling: 

The ANSYS code is based on the finite volume 

approach where the computational domain is divided into 

control volumes by a computational mesh which can 

dynamically distort to accommodate for moving boundaries 

like piston and valves? The governing equations for the 

conservation of mass, momentum, energy, and species 

concentration for gas and spray droplets, together with an 

equation of stage, are approximated by algebraic forms for 

each mesh cell. The resulting set of equation of state, are 

approximated by algebraic forms for each mesh cell. The 

resulting set of equations is solved numerically to obtain the 

gas and spray motions, the fuel evaporation, mixing and 

combustion. The small-scale turbulenceeffects are modeled 

indirectly within the Reynolds Averagingframework, using 

high Reynolds number k − ε turbulence models withassociated 

wall functions. 

 

2. Spray Modelling / Discrete Phase: 

The governing equations for the spry, the dispersed 

phase, are formulated and solved in ANSYS using the 

stochastic Lagrangian approach. The liquid droplets or 

particles are introduced into the computational domain as 

computational parcels, each of which represents a group of 

identical droplets with the properties (velocity, size, 
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temperature, density, etc.). The carrier fluid equations continue 

to be expressed in their Eulerian Continuum form modified to 

take account of the dispersed phase.TheLagrangian equations 

are integrated along the trajectories of each parcel with a time 

step determined from the minimum of the cell droplet scale, 

the momentum, mass and thermal time scales and 0.3 of the 

droplet break-up time scale, but not smaller than one 

hundredth of the continuous phase time step. Sub-models are 

used to calculate the various physical processes which occur 

after injection, like atomisation, droplet dynamics including 

heat, mass and momentum transfer and wall impingement. 

The injection location and velocity of the discrete phase as it 

exits a nozzle and enters the fluid domain are important 

parameters in spray calculations. Also the atomisation process 

influences the penetration and the inter-phase transfer process. 

The discrete phase can be initialized in built-in nozzle and 

atomisation model based on automotive injectors for transient 

problems. The dispersed multi-phase flow implemented in 

ANSYS includes the following models: 

a) Momentum 

 Drag forces 

 Pressure forces 

 Virtual mass forces 

 Body force, i.e. gravity 

b) Droplet Dispersion Model 

 Stochastic model for the representation of gas 

turbulence effects on droplet trajectories. 

c) Mass Transfer 

 Single and multi-component evaporation: Droplets 

may contain up to 50 different   components, which 

mass transfer depends on the components properties. 

d) Heat Transfer 

 Latent and sensitive heat transfer. 

e) Nozzle Model 

 Effective injection velocity based on given flow rate 

and cross-section area of the hole. 

f) Atomisation Models 

 The huh model assumes the turbulence generated in 

the nozzle hole produces initial perturbations on the 

jet surface when it exits the hole. Subsequent unstable 

wave growth due to aerodynamic interaction leads to 

the detachment of perturbations from the jet surface 

as droplets. This model calculates the initial droplet 

distribution consisting of largeprimary droplets and 

smaller secondary droplets, the initial velocity 

components and the spray angle. It also needs the 

discharge coefficient as an additional input. 

g) Droplet Break-up 

 Reitz-Diwakar model is used for break-up of liquid 

droplets in a gaseous stream. The droplets become 

unstable under the action of aerodynamic forces 

induced by their motion relative to the continuous 

phase, whereby the break-up criteria is based on the 

droplet Weber and the droplet Reynolds number. 

h) Inter-Droplet Collision 

There are three types of possible interactions: 

i. Coalescence 

ii. Separation 

iii. Bouncing 

During these processes, droplet from the participating 

parcels can exchange mass, momentum and energy. Once the 

type of collision has been resolved, which is mainly based of 

the droplet Weber number, all droplets in the larger parcel 

undergo collision with the droplets from the smaller parcel. 

The number of parcels remains constant unless the smaller 

droplets are all absorbed by coalescence. 

i) Wall Impingement Prescribed behavior: 

• Perfect rebound 

• Stick (droplet adhere in nearly spherical form at the wall until 

they completely evaporate) 

• Instantaneous evaporation 

Bai model: 

There are a number of various impingement regimes which are 

governed by parameters like: 

• Droplet velocity relative to the wall 

• Incident angle 

• Droplet size and property 

• Wall temperature 

• Wall surface roughness  

• Near wall gas conditions 

The Bai model distinguishes the following regimes by the 

droplet Weber number and the Laplace number which combine 

some of the above parameters. 

i. Spread (droplet loses its velocity component normal to the 

wall 

ii.Rebound (impinging droplets bounce off the wall) 

iii.Splash (break up into secondary droplets, some of which are 

reflected form the wall. 

The model implementation assumes a wetted wall 

impingement and is applicable to wall temperatures less than 

the liquid boiling or critical temperature. If the wall 

temperature is higher than these, an elastic rebounding is 

assumed. To reflect the stochastic nature of the impingement 

process, a random procedure is adopted to allow secondary 

droplets resulting from splash to have a size and velocity 

distribution. 

 

j) Droplet Boiling 

For a droplet to boil, one of the following conditions must be 

satisfied: 

i. The droplet is higher than the critical temperature 

above which the fuel can only exist in the gaseous 

state. 

ii. The pressure of saturation given as a monotonic 

function of the droplet temperature is equal or bigger 

than the gas pressure. 

 

k) Linear Interpolation of  Cell Values 

For droplet tracking, three treatments can be applied 

to interpolate the fluid variables: cell based, gradient based and 

vertex based. 

 

B. Combustion Modelling: 

For non-premixed / diffusion combustion ANSYS 

enables up to 50 algebraic or differential scalar equations. 

These scalars can be active or passive. It provides a basic 

framework for reacting-flow calculations for systems involving 
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up to six simultaneous reactions whose rates can obey an 

Arrhenious-type relation. 

 

 

 

 

C. Post Processing: 

Post-processing is an essential part of any work involving CFD 

modelling. Given the complexity and variety of flow 

conditions catered for by ANSYS, it is important to be familiar 

with the overall post processing facilities available. 

 

 

1. Post-processing in ANSYS: 

Post-processing facilities generally fall into the following 

categories: 

1. Database functions for collecting together groups of cells 

and vertices 

2. Display operations for plotting cell, vertex or wall data 

3. Plot definitions that determine the plot type, viewing angle 

display mode, etc. 

Computed results from ANSYS can be analysed in two ways: 

1. By looking at the data printed during the course of the 

calculations and stored in the run-time output (.run) 

file. The data are presented in tabular form. 

2. By employing ANSYS post-processing facilities to 

display the results graphically. This is usually done by 

selecting various options in one of the ANSYS 

panels. Additional facilities are available in the Post 

menu, the Graph menu and the Animation Module, all 

accessible from the main ANSYS window. 

Using the second method, results can be displayed and 

analysed by producing the following basic types of plot: 

• Vector plots of velocity fields 

• Contour plots of scalar quantities 

• Section plots of vector or scalar quantities 

• Clipped hidden plots of vector or scalar quantities 

• Isometric surfaces of scalar quantities 

• Contour and vector plots of wall data 

• Particle tracks 

• Animated displays 

• X-Y graphs 

Oftentimes engine designers are interested to plot average 

value of pressure, temperature, air fuel ratio, heat release, etc 

as a function of crank angle. 

 

 

2. Displaying Particle Tracks: 

Particle tracks offer a very quick and easy way of 

showing the effect of a flow field. Additionally, they give the 

engineer a good feel for residency time, as well as emphasis 

effects such as swirl and recirculation. In short, they are one of 

the quickest ways of conveying a lot of useful information 

without making the results looks overly complicated. In 

ANSYS, they can be generated for virtually all types of flow 

analysis, including transient and moving mesh cases. 

 

3. Static Displays: 

These show the location of one or more droplets at a given 

point in time. Alternatively, they may also be used to show 

successive positions of a given droplet as it progresses through 

the solution domain. The droplets are represented by small 

circles. The circle size and colour can be made to depend on a 

variety of local droplet properties. 

 

IV.  RESULT AND DISCUSSION 

“Over the last twenty to thirty years considerable progress has 

been achieved and the field of computational fluid dynamics is 

reaching a mature stage, where most of the basic methodology 

is, and will remain, well established” by Charles Hirsh. 

“In spite of the detailed nature of even the most comprehensive 

computational fluid dynamic codes, they cannot entirely 

predict the complete details due to complex in-cylinder 

mechanics in an IC engines”. 

The potential of the three-dimensional models for 

defining flow process in their full detail is highly promising. 

However, these models have to be validated against 

experiments. In this context it is important to compare the 

predicted results with experimental results. 

A. PRESENTATION OF RESULTS: 

 
Graph.1. CO & CO2 emission (%) 

The performance of this engine has been extracted 

before and after fixing the device in order study its effect.  The 

test is performed on hero Honda four stroke engines that 

classified as a carburettor gasoline engine. The engine is set-up 

with the required measurement rig. The experiments were 

carried out on the four different conditions that mention above. 

All tests were conducted at steady state conditions after the 

engine had reached its operating temperature .The engine has 

been set at the constant speeds .The results then recorded, CO, 

CO2 and O2 was plotted on percentage volume basis whereas 

HC emission was plotted on part per million basis HC 

emission was plotted in parts per million and CO, CO2, and 

oxygen were plotted on volume percentage basis. 

1. Carbon Monoxides (CO): 

Results were taken on the basis of above four 

condition with constant speed engine and constant load 

condition. CO was plotted on percentage basis. Following 

graph shows that CO emission at different condition. CO 

emission at simple inlet shows near about 1.3 %.when beads 

attached in flow the result shows decrease in emission because 

the homogeneous mixture is created .when air fuel mixture 

strike the beads. After those results were taken by using 

threaded in let manifold.co emission again decreases because 
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swirling effect created in manifold. Threaded inlet manifold 

twisted the flow so that air fuel mixture bitterly mix together 

and reduce the co emission. When using the threaded inlet 

manifold with beads in a flow show so much decrease of co 

emission. Beads in flow spitted the fluid particles so they 

easily mix with air after that mix passing through the threaded 

in let manifold where swirling effect is created. From the result 

it is conclude that co emission is decreased when using beads 

in flow with threaded inlet manifold.  

2. Carbon Dioxide (CO2): 

The largest human source of carbon dioxide 

emissions is from the combustion of fossil fuels. This produces 

87% of human carbon dioxide emissions. Burning these fuels 

releases energy; which is most commonly turned into heat. The 

combustion of fossil fuels such as gasoline and diesel to 

transport people and goods is the second largest source of 

CO2 emissions, accounting for about 31% of total U.S. 

CO2 emissions and 25% of total U.S. greenhouse gas 

emissions in 2014. This category includes transportation 

sources such as highway vehicles, air travel, marine 

transportation, and rail. 

When using simple inlet manifold in SI engine result 

show carbon dioxide reduce near to 3% .when using beads 

with simple inlet manifold in engine carbon dioxide increases 

up to 5% that means carbon dioxide increases by 2% when 

using beads in a flow from above result. 

Now using threaded inlet manifold result shows that 

carbon dioxide reduces to 4%.But when using beads in a flow 

and threaded inlet manifold homogeneous mixture deliver to 

engine and carbon dioxide reduced compare to other three 

result. Carbon dioxide is a product of complete and incomplete 

combustion of fossil fuel. Carbon dioxide is not so much 

harmful.  

3.Hydrocarbon Emission: 

Hydrocarbon emissions result when fuel molecules in 

the engine do not burn or burn only partially. Hydrocarbons 

react in the presence of nitrogen oxides and sunlight to form 

ground-level ozone, a major component of smog. There is 

much requirement to reduce hydrocarbon emission. 

Results were taken on the basis of above four 

condition with constant speed engine and constant load 

condition.  

 
Graph. 2. HC emission (ppm) 

Hydro carbon emission was plotted on part per 

million bases. Experiments were carried out on different 

condition. From the above graph shows that hydro carbon 

emission shows maximum result when using simple inlet 

manifold .when applying beads in flow with simple inlet 

manifold hydrocarbon emission is reduces. When using 

threaded inlet manifold in experiment hydro carbon emission 

reduces. Beads in flow and threaded inlet manifold shows 

better result compare to other three conditions. Beads in flow 

and threaded inlet manifold show good result because the 

homogeneous mixtures deliver to the engine. Complete 

combustion takes place in engine and reduces the hydrocarbon 

emission. 

4. Nitrogen oxides (NOx): 

Oxides of nitrogen occur mainly in the form of NO 

and NO and are generally formed at high temperature. The 

maximum NO levels are observed with A/F ratios of about 

10present above stoichiometric. It has also been observed that 

NO increases with increasing manifold pressure, engine load 

and compression ratio. This characteristic is different from HC 

and CO emission which is nearly independent of engine load 

except for idling and deceleration in this study the result oxide 

of nitrogen are consider on the basis of other emissions. From 

the literature review it considers that when the carbon 

monoxide and hydrocarbon decreases oxides of nitrogen also 

deceases. When there is increase in pressure oxide of nitrogen 

increases but in this study pressure decreases because of thread 

at inner side of inlet manifold so NOx emission decreases. 

From above result shows that `when beads in flow and 

threaded inlet manifold hydro carbon and carbon mono oxide 

decreases at maximum percentage .that means oxide of 

nitrogen also decreases at some level.as per the literature 

review. 

A. Effect Of Swirl And Thread In Inlet Manifold: 

The performance of a petrol engine depends to a large extent 

on the shape of the combustion chamber. It is generally 

accepted that the most efficient combustion chamber design 

would give even burning in all directions. Combustion 

chamber geometry significantly influences the in-cylinder fluid 

dynamics, fuel-air mixing and subsequent combustion 

processes and exhaust emission formations. Hence, it is 

important to study the effect of swirl in inlet manifold 

configuration on these characteristics. 

Computational fluid dynamic analysis is carried out, 

initially, to arrive at the best-suited bowl configuration among 

the selected three popular inlet manifolds. Three inlet manifold 

configurations considered are (i) Simple Manifold Inlet(ii) 

Threaded Simple Manifold Inlet (iii) Threaded and beads 

Manifold Inlet. 

The dimensional details and its 3-D computational mesh of the 

three inlet manifold configurations considered for the analysis 

are given in figure below: 

Table.2.Initial and Boundary Conditions 

Initial swirl ratio  2 

Initial charge temperature 363K 

Average Cylinder wall region 

temperature 

450K 

region temperature 400 K 
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1. Simple Manifold Inlet 

 
Fig.5.Density Contours of SIM 

The density contours for simple manifold is shown in figure 

above. The flow of fuel in the manifold is linear showing the 

constant and linear flow. The maximum density found to be 

1.23kg/m
3
. 

 
Fig.6. Pressure Contours of SIM 

 
Fig.7.Temperature Contours of SIM 

 

 
Fig.8.Velocity Contours of SIM 

 

The different computational result such as pressure, 

temperature and velocity counters shows equal low of fluid 

within the inlet manifold. The velocity found to be maximum 

simple manifold valve and flow is linear. The maximum 

velocity found to 8 m/sec. 

 

2. Threaded Inlet Manifold 

The inlet manifold is provided with the butt thread. 

Due to that flow of fuel inside manifold shows the maximum 

homogeneity of the fuel particles. The maximum density with 

the thread configuration found to be 1.23 Kg/m
3 

.The fig. 

shows the contours with threaded configuration. The flow with 

threaded configuration shows turbulence at inlet section. The 

pressure inside inlet manifold vary constant throughout and 

homogeneity is good comparatively than the simple type of 

manifold. 

 
 Fig.9.Density Contours of Threaded Manifold Valve 

 

 
Fig.10.Turbulent Contours of Threaded Manifold Valve 

 
Fig.11.Velocity Contours of Threaded Manifold Valve 

 

3. Threaded and beads Manifold Inlet 

 

Fig..12.Density Contours of Threaded and beads Manifold 

Valve 

 

The CFD simulation for beads with thread 

configuration shown in fig.The different contours was obtained 

with configuration. The homogeneity in the inlet manifold is 

obtained with this configuration. The maximum pressure 

obtained 1.71 Mpa while the velocity initially decreases and 

then increases. The maximum velocity is obtained 8 m/sec and 

shows good turbulent comparatively than simple type of 

configuration. 
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Fig.13.Temperature Contours of Threaded and beads Manifold 

Valve 

 
Fig.14.Velocity Contours of Threaded and beads Manifold 

Valve 

IV.  CONCLUSIONS 

In the present study, CFD analysis on SI petrol engine 

is performed with the aim of making the fuel homogeneity by 

reducing NO emissions. As a first step the effect of different 

configurations of inlet manifold were studied and 

experimentally NO emission is experimentally analysed.  

The important conclusions drawn from the present study are 

presented in this chapter. 

1. INLET MANIFOLD CONFIGURATION: 

Inlet Manifold plays an important role in SI engine. Presence 

of beads in the inlet manifold has significant influence on the 

in-cylinder fluid dynamics. Three inlet manifolds 

configurations viz. Simple, Threaded Inlet Manifold and beads 

inlet manifold are considered for the analysis. The salient 

points of the study are presented here. 

 Swirls 

The inlet manifold is provided with the threaded on the 

internal side for improving the swirl, also beads is provided in 

the flow of inlet for creating the maximum swirl. 

 X-centroid swirls are quite intense in simple inlet 

manifolds (SIM). 

 Y-centroid swirls are found to be highest in beads 

inlet manifold. 

 Z-centroid swirls are noticed to be very high in 

threaded type of manifolds, due to presence of thread 

in the inlet, indicates strong combustion induced 

swirls in TIM. 

 

 Local Turbulence 

 Additional vortex formation due to beads is noticed in 

manifold. 

  Even distribution of velocity vectors and strong flow 

fields are observed in inlet manifold with the beads 

 

 

 Fuel Spray and Distribution 

 Number of droplet parcels in inlet manifold with 

beads is noticed to be 50% lesser than that of 

threaded configuration and 40% lesser than that of 

simple inlet manifold. This is a clear indication of 

faster swirl is maximum with beads configuration. 

 The spread of fuel is observed to be more uniform in 

beads configuration of inlet manifold, than that of 

threaded and simple manifold. 

 Heat Release Rate 

 In the case of threaded, peak heat release rates are 

11% lower than beads configuration and 25% lower 

than simple manifold valve. 

 It is observed that rapid-combustion phase is suppressed 

and mixing-controlled combustion phase is enhanced in 

threaded type of configuration. 

 Temperature Distribution 

 It is noticed that in beads configuration the peak mass 

averaged temperature is 2% higher than the other two 

cases. 

 Local temperature distributions are noticed to be more 

uniform in beads type configuration as compared to 

the other two bowl configurations. 

 Exhaust Emissions 

 It is observed that in beads type of configuration the 

NO formation is 21% lesser than threaded type of 

configuration and 32% lesser than simple type of 

manifold. 

 However, CO and soot emissions in beads type 

configuration are higher than threaded and simple 

manifold. 

Finally, it is concluded that, with the Central beads in the 

manifold along with the concentration of the NO 

emissions are 60% lower than threaded with Normal type 

and 66% lower than others. 

 

V.  FUTURE SCOPE 

From above there is scope for improvement in inlet manifold 

design by implementing swirling flap inside the inlet manifold 

we can get more swirling ratio  and more homogeneous 

mixture this can definitely improve the efficiency in S.I. 

engine. 
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