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ABSTRACT: A good swirl promotes the fast combustion and improves the efficiency. The engine should run at low 

speeds [1], 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 channel within 

the cylinder head will be helpful. The need of automobile vehicles, still satisfying demands for high performance, 

necessitates immense efforts to develop innovative engine concepts and produce less emission. In the evaluation of 

Internal Combustion Engine the performance, efficiency and emission formation depends on the formation of air-fuel 

mixture inside the engine cylinder. The fluid flow analysis plays an important role for air-fuel mixture preparation to 

obtain the better engine combustion, performance and efficiency1.Due to the extreme conditions inside a typical IC-

engine (high combustion temperatures and pressures, precipitation of soot and other combustion products, etc.) 

experimental techniques are sometimes limited in approaching the above mentioned problem. Alternatively, numerical 

Techniques (Computational Fluid Dynamics, CFD) offer the opportunity to carry out repetitive parameter studies with 

clearly defined boundary Conditions in order to investigate various configurations. After of clean observation of all the 

Research in swirl motion plays an import role to increases in engine performance as well as decrease the emissions 
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I. INTRODUCTION 

 

Swirl is one of the principal means to ensure rapid mixing between fuel and air in DI diesel engine, and is used in 

gasoline engines to promote rapid combustion. The swirl level at the end of the compression process dependent upon 

the swirl generated during intake process and how much it is amplified during the compression process [8]. In DI diesel 

engine, as fuel is injected, the swirl converts it away from the fuel injector making fresh air available for the fuel about 

to be injected. Swirl is defined as the large scale vortex in the in-cylinder fluid with the axis of rotation parallel to the 

piston axis. Swirl, considered as a two-dimensional solid body rotation, persists through the compression and 

combustion processes [5]. The decay of swirl in an engine cylinder during the compression process is relatively small 

so that the Overall angular momentum of the swirl vortex is almost conserved [3]. For example, Liou and Sopian (2008) 

found that turbulence was nearly homogeneous and isotropic near TDC in their engine experiments. They also showed 

that turbulence intensity near TDC at a given speed was 25-50% greater with swirl than without and then declined 

continuously with crank angle 

                   

                     The induction swirl is generated either by tangentially directing the flow into the cylinder using directed 

ports or by pre swirling the incoming flow by use of a helical or spiral or helical-spiral ports. Helical ports are more 

compacted than normal manifold. They are capable of producing more swirl than directed ports at low lifts, but are 

inferior at higher lifts. Either design creates swirl at the expense of volumetric efficiency. In trying to optimize the port 

design for both good swirl and volumetric efficiency, current high swirl ports are in part of both directed and different 

technique inlet manifolds. A numerical grid of a cylinder with helical intake ports as shown in Fig 1.1 
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Fig.1.1 computational model of helical inlet port 

 
Some parameters to consider in the design of a Ports for swirl are in fig 1.2 these are the radius of the\valve offset Rv 

and orientation angle α Development work, like that for maximizing the Discharge coefficient, is typically done on 

steady-flow bench. 
 

                                                 
 

Fig 1 .2.intake port showing the definition of the swirl parameters 

 
II. LITERATURE SURVEY 

  
         Flow of air through the manifold and mixing of the fuel with air inside the cylinder is more important in the case 

of diesel engine because these factors, directly affect the volumetric efficiency, combustion performance, output and 

emission levels of the engine. Control of flow through the manifold is critical for meeting the emission regulations and 

fuel economy requirements. Parameters like engine speed, manifold and combustion chamber configuration [6] directly 

influence the swirl in DI diesel engines and subsequently it plays a vital role in mixing air and fuel inside the cylinder. 

Optimization of swirl becomes an important aspect in the design of intake systems of diesel engines 

           

         Nowadays, with the availability of powerful Computers, the CFD prediction methods for in-cylinder flow of IC 

engines have become popular. They can give very useful information regarding the flow pattern and has the potential to 

reduce the total development time of the intake system of an IC engine. Engine manufactures require precise engine 

design to bring the end product to the market in a short time period and hence CFD codes play an important role in IC 

engine design.Barbouchi [8] presented a flow model to predict the swirl vortices and turbulence in an open chamber 

cup-in-piston engine. The work was compared with experimental data over a range of engine intake manifold and 

combustion chamber configurations. Lot of work has been done on engine flow and on the parameters that affect the 

turbulence, performance and emissions in a DI diesel engine.  

        Arcoumanis C (1994) carried out the Modeling of flow distribution in exhaust manifold. Modifications were made 

on the inlet and exhaust manifolds based on the results obtained. They also conducted experiments and validated the 

performance and emissions of the engine. Celik I (2001) presented an experimental analysis for turbulence inside the 
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combustion chamber of direct injection diesel engine. From This study I understand the effects of piston bowl shape, 

engine speed, manifold shape and compression ratio on the flow fields in a DI diesel engine. Chiavola et al. (2001) 

conducted a study on the flow behavior in intake and exhaust system of an internal combustion engine and observed 

that the flow phenomenon in ducts closely affects the volumetric efficiency of the engine. 

           Many researchers (Brands tatter, 1985; Belardini P, Bertoli C 2008) had conducted experimental / simulation 

work on flow modeling to study the effect of engine configurations, piston bowl, valve profile, manifold configurations, 

inlet manifold duct length, pent roof piston etc. Binachi et al.  And V.Ganesan&Benny had discussed a study related to 

the effect of operating parameters in the turbulence and swirl level in DI diesel engine. Flow parameter measurements 

technique including\ practical and simulation methods are explained in many research papers, viz, [5].From the review 

of literature, I can analyze the design of inlet manifold configuration is very important in an IC engine. Hence, this 

information looks up on the effect of helical, spiral, and helical-spiral combined configuration on the induced mean 

swirl velocity in the piston bowl at TDC, swirl ratio during suction and compression stroke, turbulent kinetic energy 

variation and volumetric efficiency at engine speed 3000 rpm. 

 

III. OBJECTIVE OF THE STUDY 

 

• Modeling the engine with inlet valve, exhaust valve and manifold 

• Effect of inlet manifold configurations on the in cylinder flow 

• Turbulence in a diesel engine under non-firing 

Conditions 

• Effect of different (helical, spiral, helical-spiral) inlet manifold configurations on volumetric efficiency, \turbulence, 

and swirl in the engine 

 

IV. RESULTS OF DIFFERENT CONFIGURATION 

       
The in-cylinder air motion before fuel injection process is very important to certify a proper air-fuel mixture. This is 

due to the fact that in-cylinder air motion plays vital role on the complete combustion in the engine cylinder. 

 

                                                      
 

Fig.4.1 CFD simulation of air flow in the IC Engine 

 

 This strong annular jet flows make a clockwise or counter-clockwise swirl on the intake valve. The piston speed is 

kept constant at 2500 rpm. A clockwise vortex is visible to be formed at the centre of the engine cylinder, under intake 

valves. This is a due to the jet motion of air which does not strike the cylinder walls but directly flows to the centre of 

the cylinder. The jet of air which strikes the walls of the cylinder creates an elongated vortex along the wall. 
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Fig.4.2 Crank angle vs Swirl Ratio 

 Creating a swirling vortex in the cylinder has been recognized as a way of enhancing turbulence levels during the 

compression stroke since the early days of IC Engines [7]. Swirl enhances turbulence during the compression stroke 

through the following methods: 
Turbulence generated by the shear at the wall is transported throughout the bulk of the flow by diffusion and swirl 

generated secondary flows or any protruding objects not on the axis of rotation of the swirl vortex will create 

turbulence through shear and vortex shedding or a swirl vortex in combination with the squish flow will cause an 

acceleration of the rotational speed of the vortex as the piston. 

 

 

 

                                               
 

Fig.4.3 TKE inside the cylinder for helical manifold at the beginning of compression stroke 

  

                                               
Fig 4.4 TKE Inside the cylinder for spiral manifold at the beginning of compression stroke 
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Fig 4.5 TKE inside the cylinder for helical-spiral manifold at the beginning of compression stroke 

 

 

                                                   
 

Fig.4.6 Volumetric efficiency of different manifold configuration 

 

                                                        
Fig. 2.7 Velocity vectors at TDC for five combustion chambers. 

 
 

V. CONCLUSIONS 

  

After the analysis of different manifolds in the previous sections, analysis is extended to compare the effect of different 

manifold Configurations on flow structure. The helical-spiral manifold geometry creates higher velocity component 

(W/Vp) inside the combustion chamber at the end of compression stroke. Swirl ratio inside the cylinder and turbulent 

kinetic energy are higher for spiral manifold. Volumetric efficiency for the spiral helical combined manifold is 10% 

higher than that of spiral manifold. The summary of the comparison is as follows: 

 1. Helical-spiral combined manifold creates higher swirl inside the cylinder than spiral manifold. 
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2. Helical manifold provides higher volumetric Efficiency. 
3. Helical-spiral combined manifold provides higher mean swirl velocity at TDC of compression.. 

4. In-cylinder calculations of the intake and compression strokes of a DI Diesel engine equipped with two intake valves 

were carried out. The resulting flow field was analyzed for different combustion chamber shapes and compared with a 

limited number of measurement 
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