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ABSTRACT -This describes the development  of sub models 
for combustion analysis in direct injection (DI) diesel engine 
where we  used Pongamia Pinnata biodiesel blend as a fuel 
by using 50% biodiesl by volume of diesel(PME50). In the 
present study the Computational Fluid dynamics (CFD) code 
FLUENT  is used to model complex combustion 
phenomenon in compression ignition (CI) engine. The 
experiments were performed on single cylinder DI engine 
diesel engine, with full load condition at constant speed of 
1500 rpm. Combustion parameters such as cylinder pressure 
and heat release rate were obtained from experimental data. 
The numerical modeling is to be solved by CFD code Fluent, 
taking into account the effect of turbulence. For modeling 
turbulence Renormalization Group Theory (RNG) k-ε model 
is used. The sub models such as droplet collision model and 
Taylor Analogy Breakup (TAB) model are used for spray 
modeling. Modeling in cylinder combustion, species transport 
and finite rate chemistry model is used. The results obtained 
from modeling are to be compared with experimental 
investigation. In all, this study has demonstrated the 
feasibility of integrating a compact multi-component 
surrogate fuel mechanism with CFD to elucidate the in-
cylinder combustion  biodiesel fuels. The knowledge 
acquired here is useful for the development of biodiesel 
usage strategies in single cylinder four stroke CI engine 
inorder to use biodiesel blend as suitable alternative for the 
future use of IC engine. 
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I. INTRODUCTION 

Combustion research is more extensive, diverse 
and interdisciplinary due to powerful modeling tool like 
CFD. In CI engine the incylinder multiphase fluid 
dynamics like fuel spray, chemical reaction kinetics  
influences the combustion.Fluid flow in an internal 
combustion engine presents one of the most 
challenging fluid dynamics problems to model. This is 
because the flow is associated with large density 
variations. So, a detailed understanding of the flow and 
combustion processes is required to improve 
performance of engine . The simulation carried out in 
the present work to model DI diesel engine with bowl 
in piston for better understanding of the in cylinder gas 
motion with details of the combustion process .An 
attempt has been made to study the combustion 
processes in a compression ignition engine and 
simulation was done using computational fluid dynamic 
(CFD) code FLUENT, Turbulent flow modeling and 
combustion modeling was analyzed in formulating and 
developing a model for combustion process by using 

Karanja(Pongamia Pinnata)  oil 50% by volume of 
diesel i.e.PME 50. As Karanja is one of the forest-
based tree-borne non-edible oil with a production 
potential of 135,000 metric tons per year in India. 
which produce seeds containing 30–40% oil.   

 
II. EXPERIMENTAL SET UP 

The schematic diagram of experimental set up is 
shown in figure 1. The engine is of single cylinder four 
stroke direct injection water cooled diesel engine. The 
engine has rated output 5.2 kw at speed 1500 rpm with 
compression ratio 17.5, injection pressure 180 kg/cm3 

and coupled with rope break dynamometer. The 
detailed specification of engine is given in table no. 1.   
Performance test are carried out on compression 
ignition engine using various blends of biodiesel and 
diesel as fuel. 

 
III. GEOMETRY DEVELOPMENT AND  

MESHING OF  COMPUTATIONAL DOMAIN 
In present work Geometry has been modeled 

in preprocessor by using workbench tool Design 
modeler and then meshed In ICEM respectively . 
Figure2 shows the computational domain of two 
dimensional combustion chamber geometry counting 
inlet and exhaust ports. Both intake ports have been 
meshed with same orientation in the flow direction and 
they are joined with a cylindrical structured mesh in the 
zone upstream of the valves.  The combustion 
chamber is bowl in piston type, which having a 
hemispherical groove on piston top.                 The 
geometry has been modeled at its zero crank angle 
position at TDC as shown in figure 2. In ICE it is 
necessary that for obtaining realistic simulations, 
computation must include combustion chamber 
geometry with inlet and exhaust valve. The 
computations performed on bowl in piston type 
combustion chamber reveled that, instead of suction 
stroke at the end of compression stroke the geometry 
plays important role to access the combustion when 
both the valves are closed. 
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IV. MODEL DEVELOPMENT 

 
In this, the problem is to be solved as unsteady 

first order implicit with turbulence effects considered to 
simulate the combustion for CI, DI engine. The 
numerical methodology is segregated pressure based 
solution algorithm. For solving species, the discrete 
phase injection with species transport equation and 
finite rate chemistry reactions are used. The upwind 
scheme is employed for the discretization of the model 
equations. FLUENT uses a Control volume based 
technique to convert the governing equations to 
algebraic equations that can solve numerically. The 
governing equations for mass, momentum and energy 
equations used and appropriate initial boundary 
conditions were chosen for combustion analysis. 

 
A. TURBULANCE MODEL 

Turbulence is distinguished by fluctuation of 
velocity field. In this work well known RNG kε model is 
used for modeling turbulence. The RNG kε model was 
derived using a thorough statistical technique. It is 
analogous in form to the standard kε model but having 
an advantage to include effect of swirl, which is 
important for ICE combustion analysis. Transport 
equations for the RNG ke Model is defined as : 

 

(1)  
 

(2)            
  Where, 

 
     

B. COMBUSTION MODELING 

The ignition/combustion model is based on a 
modified eddy dissipation concept (EDC) which has 
been implemented into the CFD code. Multiple 
simultaneous chemical reactions can be modelled, 
with reactions occurring in the bulk phase (volumetric 
reactions) and/or on wall surfaces. The conservation 
equation takes the following general form: 

(3)  
Where Ri is the net rate of production of species i by 
chemical reaction and Si is the rate of creation by 
addition from the dispersed phase. 

C. ENGINE IGNITION MODELING 

For the present study the Auto-ignition model 
(Harden- burg model) is the most suitable one for 
simulating direct injection Diesel engine. The transport 
equation for an ignition species, Yig is given by: 

 

     (4)  

where is a "mass fraction'' of a passive species 
representing radicals which form when the fuel in the 

domain breaks down. is the turbulent Schmidt 

number. The term is the source term for the 
ignition species which has a form : 

(5).  

 
D. SPRAY BREAK UP MODEL 

In the present work TAB model is used. The 
TAB model is based on the analogy between an 
oscillating and distorting droplet and a spring mass 
system. The distorting droplet effect is considered in 
the present study. The equation governing a damped, 
force oscillator is, 

(6)........ (6) 

Where is the displacement of the droplet equator from 
its spherical position and the coefficients of this 
equation are taken from Taylor's analogy: 

(7)                  ,            

,    

where   and   are the discrete phase and 
continuous phase densities,   is the relative velocity 
of the droplet,   is the undisturbed droplet radius,   is 
the droplet surface tension, and   is the droplet 

viscosity. The  ,  , and   are dimensionless 
constants. 
 
 

E. DROPLET COLLISION MODEL 

Droplet collision model includes tracking of 
droplets; for estimating the number of droplet collisions 
and their outcomes in a computationally efficient 
manner. The model is based on O'Rourke's method, 
which assumes stochastic approximation of collisions. 
When two parcels of droplets collide then algorithm 
further establish the type of collision. Only coalescence 
and bouncing outcomes are measured. The probability 
of each outcome is calculated from the collision Weber 
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number (8) and fit to experimental observations. The 
Weber number is given as: 

(8)                     
Where v is the relative velocity between two parcels 
and l is the arithmetic mean diameter of the two 
parcels. The state of the two colliding parcels is 
modified based on the outcome of 
the collision. 
 

F. WALL FILM  MODEL 

Spray wall interaction is an important element 
of the mixture creation process in diesel engines. In a 
DI engine, fuel is injected directly into the combustion 
chamber, where the spray can impinge upon the 
piston. The modeling of the wallfilm inside a DI engine 
is compounded by the occurrence of carbon deposits 
on the surfaces of the combustion chamber. This 
carbon deposit soak up the liquid layer. It is 
understood that the carbon deposits adsorb the fuel 
later in the cycle. The wallfilm model in FLUENT allows 
a single constituent liquid drop to impinge upon a 
boundary surface and form a thin film. Interactions 
during impact with a boundary and the criteria by 
which the regimes are detached are based on the 
impact energy and the boiling temperature of the 
liquid. The impact energy is defined by: 

(9)  
 
where r is the liquid density, Vr is the relative velocity 
of the particle in the frame of the wall, D is the 
diameter of the droplet, and s is the surface tension of 
the liquid. Here, dbl is a boundary layer thickness. 

 
 
 

 
 
 
 

V. FIGURES AND TABLES 

1: ENGINE SPECIFICATIONS 
 

Table1. Engine Specifications. 
 
 

 
 

 

 
 

              

Fig. 1: Schematic diagram of experimental set up. 

ENGINE SPEED 1500 RPM 

NUMBER OF STROKES 4 

POWER 5.2 KW / 7 BHP 

BORE 87.5 MM 

STROKE LENGTH 110 MM 

NO. OF CYLINDER 1 

DYNAMOMETER MECHANICAL LOADING 

DRUM DIAMETER 35 CM 

ORIFICE DIAMETER 20 MM 

CD (COEFFICIENT OF 
DISCHARGE) 

0.6 

INJECTION PRESSURE 180-200 BAR 
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Fig. 2: Geometry of combustion chamber with valves 

 

 
 

Fig.3: Mesh structure of computational domain for model geometry. 
 

 

 
 

Fig. 4: comparisons between modeling and experimental pressure diagram 

of Biodiesel blend. 
 

 
 

Fig. 5: Pressure distribution in (Bar) CA = 360 (maximum load) for 

biodiesel blend 

 

 
Fig. 6 : Comparison between modeling and experimental heat 

release rate diagram for biodiesel blend. 
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Fig. 7 :Temperature distribution in (K) CA = 360 (maximum load) for 

biodiesel blend 

 

 

 
Fig.7: Gas velocity magnitude (m/s)  CA = 360 (maximum load) for 

biodiesel blend. 

 

VI. RESULT AND DISCUSSION 

Figure shows modeling and experimental max. in 
cylinder pressure traces operating at full load 
condition. The modeled cylinder pressure data shows 
good agreement with experimental results. The 
maximum pressure rise depends upon the quantity of 
fuel vaporized during the delay time and occurs in the 
state of combustion, some degrees after the beginning 
of combustion. Note that modeling peak pressure is 47 
bar at 360 degree CA, and experimental peak 
pressure is 45 bar at 360 degree CA for biodiesel. 

Therefore both scale and timing of occurrence of peak 
pressure are precisely predicted by the model. 

The observed cylinder pressure profiles reflect 
the effect of in cylinder heat release rate. The heat 
release rate is determined from pressure data. Figure 
compares heat release rates computed from modeling 
and experimental pressure traces. The heat release 
rate decreases from the start of injection to the start of 
combustion which is ignition delay period because of 
the fuel evaporation occurring during this period. The 
first peak due to premixed combustion strongly 
depends on the amount of fuel that the prepared for 
combustion during the ignition delay period. The 
second peak due to diffusion combustion is controlled 
by the fuel air mixing rate. Diffusion combustion 
continues until combustion is completed. Note that, the 
peak modeling heat release rate is 30 J/s where as 
experimental peak heat release rate is 25  J/s at 364 
degree CA for biodiesel . Figures  shows the 
comparison of the measured and CFD modeled 
cylinder pressures.. The peak pressure and the 
pressure gradient over the combustion period 
produced by CFD simulation match closely with 
experimental. The peak cylinder pressure is over 
predicated by about 4%. Also from heat release rate 
graph it is shown the experimental validation of 
combustion. Figure shows the temperature contour 
diagram at maximum loads. This shows that in- 
creasing the load which corresponding to increasing 
the fuel mass flow rate results in increasing the 
combustion temperature. Figure  shows that the 
temperature of the air at the end of compression is 
sufficiently high for the droplets of fuel to vaporize and 
ignite as they enter the cylinder. Max. temperature 
occurs in case of biodiesel is 1990 k .  

 Fig. shows velocity magnitude contour for 
biodiesel and diesel fuel respectively. Velocity 
magnitude of diesel is 18 m/s while biodiesel has 26 
m/s.This difference is due to the variation in viscosity 
according to change in temperature and pressure of 
diesel and biodiesel. Also there are changes in velocity 
contour of diesel and biodiesel because of theire 
chemical characteristics. 

 
VII. CONCLUSION 

The CFD code FLUENT has been used to 
simulate the combustion characteristics of direct 
injection diesel engine fueled with biodiesel blend. The 
fluid flow in DI diesel having bowel in piston with 
turbulence and combustion processes modeled with 
sufficient generality to include spray formation, delay 
period, chemical kinetics and onset of ignition.  A good 
agreement between the modeling and experimental 
data ensures the accuracy of the numerical predictions 
collected with this work. The model is validated 
through the comparison of the predicted p-θ curve with 
the experimental p-θ curve. It shows that CFD can be 
a reliable tool for the combustion modelling of CI 
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engine fueled with biodiesel blend. Also Pongamia 
Pinnata blend can be a suitable replacement to diesel, 
hence it can be used as a alternative fuel for a future 
work. 
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