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Multidimensional modeling of the effect of fuel
injection pressure on temperature distribution in
cylinder of a turbocharged DI diesel engine
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Abstract In this study, maintaining a constant fuel rate, injection pressure of 275 bar to
1000 bar (275� 102 kPa to 1000� 102 kPa), has been changed. Effect of injection pressure,
the pressure inside the cylinder on the free energy, power, engine indicators, particularly
indicators of fuel consumption, pollutants and their effects on parameters affecting the output
of the engine combustion chamber have been studied in droplet diameter. Finally, the effects of
fuel mixture equivalence, Cantor temperature, soot and NOx due to the increase of injection
pressure, engine efficiency and emissions have been examined.
& 2013 National Laboratory for Aeronautics and Astronautics. Production and hosting by Elsevier B.V.

All rights reserved.

1. Introduction

Diesel direct injection (DI) is widely used in automotive
and industrial applications. In the past decades, the main

approach is the design of combustion engines and power
generation, but because of today's tougher engine emission
regulations and standards, a new viewpoint has opened in
the motor engineering.

Sugiyama and colleagues had studied numerical high-
pressure fuel spraying only in two cases, 150 MPa and
50 MPa [1]. The results show that when the spray pressure
is increased, the maximum pressure inside the combustion
chamber increases too and the time to reach maximum
pressure is also shorter. Abu Bakar and his colleagues
studied the effects of high pressure diesel fuel spraying in a
direct spray diesel engine in 2008 [2]. In their study,
the range of spraying pressure changes from 100 MPa to
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200 MPa. Based on their results, the best performance of
220 bar (220� 102 kPa) of spray pressure engine was
obtained and the minimum conditions on fuel consumption
and fixed spraying pressure of 200 bar (200� 102 kPa) was
obtained. Patterson and colleagues used the code KIVA-II
for reforms after studying spraying schedule, spraying
pressure and multi-level spraying some stages so that the
carbon black was reduced to about 30% and the maximum
of carbon black was 75% of one level injection [3]. In terms
of emission behavior, NOx is produced to a great extent,
due to the high local temperatures found in diesel engines
which are highly dependent on the initial rise of heat
release. In addition, soot production and oxidation are both
dependent on the mixing rate and local flame temperatures
[4]. The injection velocity is one of the most influencing
parameters on the previous factors, because it controls both
the mixing process and the rate of heat release. This is why
injection system parameters and nozzle geometry have been
extensively studied due to their direct relationship with the
fuel injection rate and fuel velocity. To support this, it has
been recognized that the characteristics of the injection
system are some of the most important factors in influen-
cing emissions and performance of diesel engines [5–7].

In recent years, computer codes for simulating three-
dimensional (3D) combustion in internal combustion
engines have been used. This paper studies the theoretical
effects of fuel injection pressure and the temperature
contours of the emission function equivalence on four-
cylinder direct injection diesel engine equipped with a
turbocharger in the form of a numerical simulation by
CFD code.

2. Governing equations

Governing equations including continuity, momentum
and energy are modified based on Reynolds average and
according to Reynolds-averaged Navier-Stokes (RANS) equa-
tions based on semi-implicit method for pressure-linked
equations (SIMPLE) algorithm, and k-ε standard turbulence
model for numerical simulation of flow inside the combustion
chamber is used.
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and the coefficients have the following standard values:

Cμ Cε1 Cε2 Cε3 Cε4 sk sε sρ

0.09 1.44 1.92 0.80 0.33 1.00 1.30 0.90

2.1. The fuel spray

The discrete droplet method is used to spray the fuel
through separate droplets. The schematic view of the
injection of the jet fuel from the nozzle is shown in
Figure 1.

2.2. Model of heat transfer and evaporation of fuel
droplets

Heat transfer and mass transfer processes by the model
obtained by Dukowicz are modeled [9,10]. Assuming a
uniform temperature drop, track changes in energy balance
equation to determine the temperature drops that heat
energy transferred to the drop caused by the drop heating
and evaporation will result in the model are as follows:

mdcpd
dTd
dt

¼ L
dmd

dt
þ Q

: ð7Þ

Heat flux transferred from the gas surrounding the droplet
surface is obtained from the following relationship:

Q
: ¼ αASðT∞−TSÞ ð8Þ

Figure 1 Injection of the jet fuel from the nozzle [8].
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