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Abstract— Objective   of  this  investigation  is to study  the  flow  characteristics inside the  cylinder of  a diesel engine  with  

prolate sphere  combustion chamber. The   study  deal  with  the effect  in   swirl ratio ,   turbulence dissipation rate, 

turbulence kinetic energy of  the  combustion  chamber  have   been analyzed. CFD calculation has been done for suction and 

compression stroke with intake part geometry. The pre-processor ICEM-CFD is used to create the computational domain of 

the engine   for solving   the governing equation. A hexagonal   structural mesh is employed for entire computational   domain 

of the engine with 120000 cells the RNG k-ε turbulence model with standard wall function. In this project transient    analysis 

was performed with implicit scheme computation start from TDC to bottom dead centre. At the TDC constant pressure of 1 

bar was considered and in the analysis turbulence intensity 5%, energy equation and no-slip conditions were applied.  Thus 

the different flow parameter for the prolated combustion chamber was analyzed. 
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I. INTRODUCTION 

Development in the engine simulation technology has made the virtual engine model a realistic proposition. Today the use of 

CFD code has developed and this code can be used to engine simulation. The use of CFD on engine development programs 

has enabled significant time and cost saving to made in the design and development of combustion engine system. Accurate 

modeling of the flow in the cylinder is a key part of successful simulation.  

A mixture formation in an combustion engine is a complex phenomenon that is involved by large number of design 

and operating variables, so that it is necessary to understand the in-cylinder flow characteristics for reliable designing, fuel 

efficient and low emission engine. Also the sensitivity of the flow distribution turns back to the shape of intake port and 

combustion chamber, so is gotten higher efficiency with better design. 

In order to generate swirl or tumble motion, fluid enters the combustion chamber from the intake port. The kinetic 

energy associated with this motion is used to generate turbulence for mixing fresh oxygen with evaporated. The more 

turbulence generated lead to better mixing of air and fuel. However too much of swirl can be displaced the flame used to 

ignite the fuel, as irregular flame propagation,result to less fuel combustion.  

II. LITERATURE SURVEY 

As such, balanced generating swirl or tumble flow must be achieved and not displacing the flame controlled flow motion get 

a stable reproducible at each engine cycle.     

Nureddin Dinler, Nuri Yucel 2007 (1307-6884) “Numerical simulation of flowand combustion in an axisymmetric 

internal combustion engine” improving   the performance of internal combustion engine is one of the major concerns of 

researchers. Experimental studies are more expensive than computational studies are more expensive than computational 

studies also using computational techniques allows 0ne to obtain the all required data for the cylinder, some of which could 

not be measured. In this study an axis symmetric homogeneous charged spark ignition engine was modeled. Fluid motion and 

combustion process were investigated numerically. Turbulent flow conditions were considered. The nature of the flows and 

combustion in internal combustion engines are important for improving engine performance the flows in ic engines can be 

characterized by swirl, tumble, and compression in the cylinder. The in-cylinder fluid motion in internal combustion engine is 

one of the most important factors controlling the combustion process Gosman [2], numerically and experimentally, studied 

laminar and turbulent combustion flow in a motored engine axisymmetric reciprocating engine without combustion through a 

cylinder head port. Calculated and measured results were in a good agreement. 

They observed that the mean velocity field was influenced more strongly by the engine geometry than by the engine 

speed.W.H. Kurniawan, S. Abdullah, A. Shamsudeen>>  2007 (vol1) ”turbulance and heat transfer analysis of intake and 

compression stroke in automotive 4-stroke direct injection engine”  the cfd analysis and simulation to investigate the effect of 

piston grown inside the combustion chamber of a four stroke direct injection automotive engine under the motoring condition 

is presented. The analyses are dedicated to investigate the outcome of the piston shape differences to the fluid flow and heat 

transfer and turbulence characteristics for the air fuel mixture preparation in the terms of swirl and tumble ratio turbulence 

kinetic energy, turbulence dissipation rate, turbulence viscosity and transient heat flux along crank angle degrees occurred 

inside engine model. The investigation and analysis for the characteristics of in cylinder air motion under motoring conditions 

is numerically carried out by solving the intake and compression stroke by CFD code with moving mesh and boundary 
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capability. Based on the literature studied, there are several researchers have conducted the research on the geometry of 

combustion chamber to determine fluid flow using numerical methods. The simulation of the detailed in cylinder air motion 

during intake and compression to examine the interactions of air motion with high pressure fuel spray injected directly into 

the cylinder also has been   accomplished by Kim (1999) Lastly, Payri (2004) who have carried out the CFD modelling in 

cylinder flow in direct injections diesel engines for the intake and compression stroke with different  

Combustion chambers and validates the numeric results with the experimental work. Gisoo Hyun, Mitsuharu Oguma 

“3-d cfd    Analysis of the mixture formation process in an lpg di si engine for heavy duty vehicles” (2001) In this work a 

numeric simulation was performed using a CFD code (KIVA-3), where the shape of combustion chamber, swirl intensity, 

injection timing and duration and so on were varied and their effects on the mixture formation were investigated. This work 

aimed to develop an LPG fueled direct injection SI engine. The present work used CFD is to examine the changes that occur 

in the in cylinder flow field, mixture preparation and combustion due to injection conditions , swirl intensity and geometry of 

combustion chamber a numeric simulation was performed using a CFD code (KIVA-3), where combustion chamber shape 

bathtub and dogdish type is used loading. (KIVA-3), where combustion chamber shape bathtub and dogdish type is used 

loading. 

III. EXPERIMENTAL PROCEDURE 

A. Chamber Volume  

Calculation  

 
Fig.1: Prolate Spheroid 

Volume of Sphere  

= (2/3)× 3.14r3 

= 2/3x3.14x2.53 

= 32.72cc 

Clearance Volume 

Vc =Total volume –swept volume 

= 40-32.72 

= 7.28cc 

AREA    = (3.14/4) × d2 

= (0.785)×0.8452  

= 56.07m2   

VOLUME   = (3.14/4)× d2h 

h   = volume/area  

= 7.28/56.07      =0.129cm  

 = 1.3mm  

Prolate Sphere = {semiaxes:a,b,b(a<b)}  

V1 = V2  

 V2  = (2/3) 3.14×a*b*c  

By keeping         b  = c   since  sphere   chosen is Prolate  sphere  

a= 2.75 cm                       

 32.72 = (2/3)×3.14×2.75×b2 By simplifying:   

b= 2.38 

c= 2.38 

B. Texvel Engine Specifications  

Type: single cylinder, four stroke cycle, vertical engine  

Bore in mm       - 85  

Stroke in mm    - 110  

Rated RPM       - 1500  
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Rated power output in kW - 6.5  

Loading         - Rope braking  

Connecting rod length   - 235mm  

Compression ratio    - 18:1  

Rated speed       - 1500 rpm  

Orifice diameter     - 0.016  

IV. RESULT AND DISCUSSION 

 
Fig. 2: Piston Mesh 

 

 
Fig. 3: Computational Mesh 

 
Fig. 4: Velocity magnitudes at different crank angles 

 
Fig. 5: Velocity vectors at different piston position 



 
Flow Simulation of Diesel Engine for Prolate Combustion Chamber 

 (IJIRST/Conf/RAME/2017/008) 

 

 
51 

 
Fig. 6: Turbulent kinetic energy 

 
Fig. 7: Turbulent energy dissipation 

 
Fig. 8: Turbulent Kinetic Energy Vs Crank Angle 
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V. DISCUSSION 

The piston and the combustion chamber of computational mesh are as shown on the figure 4.1 and figure 4.2 respectively. 

From the graph 4.1 and graph 4.2 the turbulent kinetic energy and the swirl ratio was maximum, this is because of the 

compression and normally the swirl ratio is maximum at crank angle of 120 to 210 compression stroke. The turbulent 

dissipation rate is maximum at the bowl as shown in the figure 4.5. From the velocity magnitude as shown in the figure 4.3 

and figure 4.4 recirculation zones are found.  

VI. CONCLUSION 

Computational Fluid Dynamics has showed to be a valuable tool for predicting the effect of combustion chamber shapes. 

Performance of designed prolate shape piston crown and the fluid flow parameter was determined during the both suction and 

combustion.   

The parameters such as   swirl ratio, turbulent kinetic energy and dissipation were measured at different crank angle 

positions. Swirl ratio was found maximum between 100 to 150 degree. Turbulent kinetic energy was reaching 30-35 m2/s2   

in the crank angle of 120 to 140 degrees. In this way, it is now possible to pre evaluate the fluid flow condition of the air and 

fuel accurately at lower costs, which will considerably reduce turnaround time of a physical model test and provide more 

information about inner behaviour of fluids.   
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