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ABSTRACT The objective of the present investigation is to assess the influence of the combustion chambers ge-
ometry on temperature distribution and engine emissions. A computational fluid dynamics (CFD) Code 

ANSYS FLUENT has been used for modelling the combustion chamber geometry and for its analysis. In particular two 
different combustion chamber geometries were investigated. To perform this work, a 30o sector of Diesel Engine Com-
bustion chamber is modelled for two different geometries. In first case a 30o sector of Toroidal Combustion Chamber 
is modelled using ANSYS 14.0. This geometry under observation was analysed, by giving various operating parametric 
inputs and results were obtained for emission of NO, N2O, CO, CO2 along with the temperature profile. In second 
case the 30o sector of a Re-Entrant combustion chamber is modelled and same process has been adopted for this ge-
ometry. In the end the results for the two geometries are compared.

INTROdUCTION
Engine manufacturers, facing more and more Complex 
emission standards concerning environmental regulations, 
are producing their efforts to reduce Engine emissions. 
One of the feasible emission control strategies consists in 
reducing the engine pollutant concentration by modify-
ing the combustion chamber geometry. The development 
of a procedure able to control the Engine emissions re-
quires the knowledge of where NOxand other pollutants 
are formed as well as their mechanisms of formation. Many 
studies have been carried out to clarify the effect of com-
bustion chamber geometry on engine emission formation. 
The combustion chamber geometry is basically carried by 
the piston top.

One of the biggest advancements in Engine technol-
ogy is the use of different piston “tops” or “crowns,” the 
part that enters the combustion chamber and is subjected 
to combustion. While older piston tops were mostly flat, 
many of the new features bowls on top that have differ-
ent effects on the combustion process. Diesels don’t have 
an ignition phase, so the piston crown itself may form the 
combustion chamber. These engines often use pistons with 
differently shaped crowns, although with direct injection 
becoming increasingly popular, gasoline engines are start-
ing to use them as well. The combustion chamber geom-
etry of the Diesel engine also effects the engine emissions. 
This study looks up on the effect of Toroidal and Re-en-
trant combustion chamber geometry on the exhaust emis-
sion at an engine speed 2000 rpm.

METHOdOLOGY
The methodology adopted for the present work is as fol-
lows:

•	 Solid	 modelling	 of	 the	 Toroidal	 combustion	 chamber	
geometry with fuel injector. 

•	 Mesh	 generation.	 Solution	 of	 the	 governing	 equations	
with appropriate boundary conditions. 

•	 Solid	modelling	of	 the	Re-entrant	combustion	chamber	
geometry with fuel injector.

•	 Mesh	 generation.	 Solution	 of	 the	 governing	 equations	

with appropriate boundary conditions.
•	 Comparison	 of	 the	 simulated	 results	 for	 the	 two	 com-

bustion chamber geometries. 

The study is expected to explore the potential of using 
CFD tool for design and optimisation of combustion cham-
ber geometry. The commercial CFD code ANSYS FLUENT 
14.0 is used for the analysis of flow. The CFD package in-
cludes user interfaces to input problem parameters and to 
examine the results. The code contains three elements 

1. Pre-Processor 
2.  Solver 
3.  Post Processor 
 
Pre-processor mainly involves the creation of basic 3D 
model, grid generation and fixing of the boundary condi-
tions. Layering approach is adopted in FLUENT. For the 
approach mentioned above, in-cylinder problems solved in 
Fluent consist of three stages. The first stage is to decom-
pose the geometry into different zones and mesh them 
properly. By breaking up the model into different zones, it 
is possible to apply different mesh motion strategies to dif-
ferent regions in a single simulation. The second stage is 
to setup the Geometry inside the Fluent with the help of a 
setup journal. The third stage is to perform a transient in-
cylinder simulation.

Cfd ANALYSIS
There are mainly three equations we solve in compu-
tational fluid dynamics problem. They are Continu-
ity equation,Momentum equation (Navier Stokes equa-
tion) and Energy equation. The flow of most fluids may be 
analysed mathematically by the use of two equations. The 
first, often referred to as the  Continuity Equation, requires 
that the mass of fluid entering a fixed control volume ei-
ther leaves that volume or accumulates within it. It is thus 
a “mass balance” requirement imposed in mathematical 
form, and is a scalar equation. The other governing equa-
tion is the Momentum Equation, or Navier-Stokes Equa-
tion, and may be thought of as a “momentum balance”. 
The Navier-Stokes equations are vector equations, mean-
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ing that there is a separate equation for each of the coor-
dinate directions (usually three).

MATHEMATICAL MOdEL
In this thesis RNG k- ε model were employed because, in 
this model ‘k’ is the turbulence kinetic energy and is de-
fined as the variance of the fluctuations in velocity. It has 
dimensions of (L2 T-2), e.g. m2/s2. ‘ε’ is the turbulence eddy 
dissipation (the rate at which the velocity fluctuations dis-
sipate) and has dimensions of k per unit time (L2 T-3), e.g. 
m2/s3.

 
The turbulent kinetic energy equation as modelled has a 
number of simplifications from the rigorous equation.

The first term on the RHS is the production of ‘k’, the sec-
ond term ‘ε’is the specific dissipation per unit mass. The 
last term describe the transport of ‘k’ by molecular and 
turbulent diffusion.

This model was derived and tuned for Flows with high 
Reynolds numbers. This implies that it is suited for flows 
where the turbulence is nearly iso-tropic and is suited to 
flows where the energy cascade proceeds in local equilibri-
um with respect to generation.

PROBLEM fORMULATION
Both the Combustion Chamber geometries are obtained 
by trimming the piston head. Piston Head is the upper 
part of the Piston which is exposed to combustion. Here, 
due to the limitations in computing resources, 30 degree 
of the3-D sector geometry is only selected for study. Table 
1 Shows the engine in-cylinder data and fuel injection de-
tails. The computations are carried out by FLUENT solver. 
The time accurate computations are performed on a Intel 
Core i7 processor  (3.50 GHz, 16 GB RAM).

Table 1: Engine data and fuel injection details [1]

Engine 4 – S Diesel Engine

Bore 130 mm

Stroke 150 mm

R.P.M. 2000

Length Of Connecting Rod 275 mm

Compression Ratio 15.5

Fuel Diesel

Fuel Injection Quantity 207 mg/Cycle

Injection Hole Diameter 148 X 10-6 m

Injected Mass 0.0144 g

Equivalence Ratio 0.67

Swirl Ratio 2

figure 1(a) : Mesh view of Toroidal Geometry

 
figure 1(b) : Mesh view of Re-entrant Geometry

Total no. of nodes in Toroidal Geometry is 131379 and no. 
of elements are 116756. In Re-Entrant Geometry no. of 
nodes are 96303 and no. of elements are 86928.

Cfd RESULTS (TEMPERATURE PROfILES)
The following contours show the Temperature Profile for 
wo different Combustion Chamber geometry. The range is 
given on the coloured scale. The Temperature at any point 
of contour can be obtained by matching the colour of con-
tour at desired point with the colour on the scale and its 
corresponding numeric value will be obtained.

figure 2(a) : Temperature Profile of Toroidal Geometry
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figure 2(a) : Temperature Profile of Toroidal Geometry
 
RESULTS ANd dISCUSSION
MASS fRACTION Of NO vs TEMPERATURE

 
figure 3(a) :Mass fraction of NO vs Temperature plot 
for Toroidal Geometry

The Graph is plotted between mass fraction of NO (0 to 6 
X 10 -7) vs Temperature (200K to 2000K) and maximum val-
ue of mass fraction of NO is obtained around 2000K which 
is  around 5.2 X 10 -7 .

figure 3(b) : Mass fraction of NO vs Temperature plot 
for Re-entrant Geometry

The Graph is plotted between mass fraction of NO (0 
to3.5 X 10 -5) vs Temperature (200K to 2200K) and maxi-
mumvalue of mass fraction of NO is obtained around 
2100K which is  around 3.5 X 10 -5 .

MASS fRACTION Of N2O vs TEMPERATURE

figure 4(a) : Mass fraction of N2O vs Temperature plot 
for Toroidal Geometry

The Graph is plotted between mass fraction of N2O ( 0 to 
3 X 10 -7) vs Temperature ( 200K to 2000K) and maximum 
value of mass fraction of N2O is obtained around 1900K 
which is  around 3 X 10 -7 .

figure 4(b) : Mass fraction of N2O vs Temperature plot 
for Re-entrant Geometry

The Graph is plotted between mass fraction of N2O( 0 to7 
X 10 -7) vs Temperature ( 200K to 2200K) and maximum 
value of mass fraction of N2O is obtained around 2000K 
which is  around 6.5 X 10 -7 .

MASS fRACTION Of CO vs TEMPERATURE

 
figure 5(a) : Mass fraction of CO vs Temperature plot 
for Toroidal Geometry

The Graph is plotted between mass fraction of CO (0 to 
0.14) vs Temperature (200K to 2000K) and maximum value 
of mass fraction of CO is obtained around 1600K which is  
around 0.14.

figure 5(b) : Mass fraction of CO vs Temperature plot 
for Re-entrant Geometry

The Graph is plotted between mass fraction  of CO (0 to 
0.16) vs Temperature (200K to 2000K) and maximum value 
of mass fraction of CO is obtained around 1800K which is 
around 0.15.

MASS fRACTION Of CO2 vs TEMPERATURE
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figure 6(a) : Mass fraction of CO2 vs Temperature plot 
for Toroidal  geometry

The Graph is plotted between mass fraction of CO2 (0 to 
0.16) vs Temperature (200K to 2000K) and maximum value 
of mass fraction of CO2 is obtained around 1800K which is 
around 0.15.

figure 6(b) : Mass fraction of CO2 vs Temperature plot 
for Re-entrant  Geometry

The Graph is plotted between mass fraction ( 0 to 0.18) of 
CO2 vs Temperature (200K to 2000K) and maximum value 
of mass fraction of CO2 is obtained around 2100K which is 
around 0.18.

CONCLUSION
The CFD results for engine emissions from both cases of 
combustion chambers were obtained at engine speeds of 
2000 rpm. On comparing these results we have observed 
that, the maximum value of mass fraction of NO is higher 
in Re-entrant geometry. We have also observed that the 

maximum value of mass fraction of N2O is higher in Re-
entrant geometry but there is a very small difference be-
tween the two values. The maximum temperature achieved 
is also higher in case of Re-entrant geometry.similarly the 
maximum values in case of oxides of carbon are also on 
the higher side for the Re-entrant geometry.

The main cause of the variation of emission results be-
tween the two combustion chambers is difference in ge-
ometry for them. Because the geometry of the combustion 
chamber affects the flow pattern, fuel injection, swirl gen-
erated inside the chamber, squish behavior. 

Thus on the basis of above observations, it can be con-
cluded that for same input conditions for engine opera-
tions and fuel injection values, Toroidal geometry  will pro-
duce less pollutants as well as the temperature achieved 
within the Toroidal combustion chamber will be compara-
tively lesser.
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