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Abstract

A computational optimization was performed for a direct-injection diesel engine using three-dimensional 

modeling. Fully transient CFD analyses of different valve profile strategies for the intake and compression 

strokes were performed to evaluate the effects on both engine performance and in-cylinder flow-field evo-

lution. The   turbulence model was used along with the second order linear upwind scheme. Modifications 

were applied to intake valve for five different valve lift profiles. Organized flow structures (i.e., swirl) and 

turbulent flow patterns were investigated in order to address the rules for ad-hoc strategies aiming at find-

ing the best trade-off between the engine performance and pollutant emission. At first, results for the base 

case were validated against experiments at maximum power operation (2000 rpm); subsequently, four valve 

lift profiles, were performed. Relative valve profiles were proved to influence the flow field within the com-

bustion chamber, and, therefore, the subsequent spray evolution and fuel combustion which confirmed the 

importance of an ad-hoc optimization.
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Introduction

Due to restrict legislation of emission level and environ-

mental concerns for engine-out  , soot and UHC, there is 

a need to develop engines which have only not superior 

fuel economy but also lower emissions. In diesel engine, 

in-cylinder flow is known as one of the main parameters 

influencing the engine performance. Because of the con-

servation of angular momentum, the intake flow veloc-

ity produces rotation around the cylinder axis (swirl) or 

normal to cylinder axis (tumble). Both of these structures 

store the kinetic energy during the intake and compression 

strokes and that energy is converted into turbulence near 

the top dead center. Thus, higher levels of turbulence and 

high swirl values are very important for a good mixture 

and fast combustion [1]. By intakes simulations, one can 

describe all events occur in the combustion chamber dur-

ing intake, compression and expansion.

CFD optimization of diesel engine performance and 

emission using variable intake valve has been developed by 

Shrivastava et al [1]. This technique optimizes the engine 

operating variables by KIVA3v-Generic Algorithm opti-

mization, which performs a full engine cycle simulation 

within the framework of a GA code. A 1-D gas dynamics 

code for the simulation of the gas exchange, coupled with 

the KIVA3v models the spray, combustion and emissions 

formation. The effect of swirl and tumble ratios on emis-

sions reduction was found to be the most prominent at high 

speed, and low load. At high speed the swirl is effective in 

enhancing the rate of mixing, and, thus, lower emissions.

Cantore et.al [2] utilized the STAR-CD to optimize the 

in-cylinder flow patterns in high speed DI diesel engine. 

They investigated the effect of the adaption of different 

valve cam profiles to the intake valves, on the in-cylinder 

flow evolution. The modification of the valve profile af-

fects the in-cylinder flow structure and swirl intensity, and 

has a strong influence on both engine performance and 

pollutants.

Hear, analyses are performed using the AVL_FIRE_CFD 

licensed by University of Tabriz. In the present study, the 

effect of different valve lifting profiles on the emissions 

and flow pattern are investigated. It is hoped that engine 

manufactures will have the ability to reach engine per-

formance goals and meet emissions regulations in less 

time and at a lower cost.

Governing equations

A 3-D simulation was carried out using the SIMPLE al-

gorithm [3]. For continuity and turbulence equations, sec-

ond order upwind scheme and for momentum and energy 

equations, the SMART scheme [4] were used. The turbu-

lent flow within the combustion chamber was modeled us-

breakup model of Reitz [6] was used for spray dynamics, 

atomization and breakup of fuel. In this model, fuel drop 

parcels are injected with a characteristic size equal to the 

nozzle hole diameter. For the spray-wall impingement, the 

model of Naber and Reitz was applied [7]. Diesel combus-

tion modeling is splitted into two regimes, namely igni-

tion and combustion. The ignition model used is the Shell 

-

cies. The following expressions describe the species and 

reactions [8]:

Initiation: (1)

Propagation: (2)

(3)

(4)

Branching: (6)

Linear Termination: (7)

Quadratic Termination: (8)

Where F is the hydrocarbon fuel (C
n
H

2m
 ), R is the total 

radical pool, B is the Branching agent, Q is an intermedi-

ate species, P  is the oxidize product and I inactive species. 

The reaction rate of the kinetic scheme of Halstead [8] was 

applied. A significant part of combustion was thought to 

be mixing-controlled. Hence, interactions between the tur-

bulence and chemical reactions had to be considered. The 

model described in this section combines a laminar and a 

turbulent time scale to an overall reaction rate. The time 

rate of change of a species m due to this time scale can be 

written as follows [9]:

  

(9)
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where Y
m
 is the mass fraction of the species m and Y

m
*

is the local instantaneous thermodynamic an equilibrium 

value of the mass fraction. The 
c
 is the characteristic time 

for the achievement of such equilibrium. It is sufficient to 

consider the seven species including Fuel, O
2
 , N

2
 , CO

2
 , 

CO , H
2
, and H

2
O to be able to predict the thermodynamic 

equilibrium temperature accurately enough. The charac-

teristic time 
c
 of a laminar and a turbulent time scale can 

be described by:

(10)

where f is the delay coefficient. The laminar time scale is 

derived from an Arrhenius type reaction rate:

(11)

The turbulent time scale is proportional to the eddy 

break-up time:

(12)

where k and  are the turbulent kinetic energy and dis-

sipation rate, respectively which are obtained from the 

model. The delay coefficient f simulates the increasing in-

fluence of turbulence on combustion after ignition and can 

be calculated from the reaction progress r:

(13)

(14)

This whole approach is conceptually consistent with the 

model of Magnussen[10]. The initiation of combustion 

relies on laminar chemistry. Turbulence starts to have an 

influence after combustion events have already been ob-

served. The combustion will be dominated by turbulent 

mixing effects in regions of 
1 t

 . The laminar time 

scale is not negligible in regions near the injector where 

high velocities cause a very small turbulent time scale. 

Auto ignition is calculated by the Shell Model which is 

integrated in the specific model description. The formation 

of NOx is described by the extended Zeldovich mechanism 

[11]. The overall soot formation rate is modeled as the dif-

ference between soot formation and soot oxidation [12]:

where the soot formation is [13]:

(16)

with A
f
 as the preexponential factor, M

fv
 is the fuel vapor 

mass, P is the pressure and E
f
 is the activation energy. The 

soot oxidation rate is adopted from Nagle and Strickland-

Constable [14]:

(17)

where MW
c
 is the carbon molecular weight, P

s
 is the soot 

density, D
s
 is the average soot diameter, M

s
 is the soot mass 

and R
tot

 is the net reaction rate.

Engine specifications

The engine model used in this study is a product of PER-

KINS Company. The main engine specification and oper-

ating conditions for the base case are presented in Table 1.

Grid features

In operating condition the mesh should move in order 

to simulate the change of valve and piston positions with 

crank angle.

Table 1. Engine Specifications and operating conditions.

Number of Intake Valves 1 per cylinder

Bore × Stroke (mm) 100 × 127

Compression Ratio

Engine Speed (rpm) 2000

Intake Pressure (kPa) 128

Intake Temperature (k) 320

Start of Injection (deg btdc) 4

Duration of Injection (deg) 17

Number of Nozzle Orifice × Diameter (mm)

IVC to EVO (deg atdc)

Displacement (lit) 3.99

Rate of Fuel Injected (kg/h)

Combustion Chamber

At a specified crank angle, mesh rezoning maps the flow 

variable data from the first mesh to the second. The re-

zones are unacceptable distortions of cells caused either by 

the mesh movement or the use of different grid resolutions 

to speed up the simulation. In the present work, to simulate 

the valve and piston position accurately at any crank angle, 

32 groups of meshes were created from IVO to EVO. Near 














