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Improvements in the diesel fuel injection systems can provide efficient combustion in 
internal combustion engine. However, the detail relationship between the diesel 
injector nozzle cavitation parameters are still remain unclear. The main goal of this 
research is to verify the flow characteristics inside the fuel injector nozzle by using 
CFD. A computational fluid dynamics cavitation models of diesel injector nozzles is 
presented and tested. Then, the experimental data are used to validate the models. 
The researcher used the same shape configeration and boundary condition. The 
injection event is inherently transient, as the injection pressure varies with the needle 
lift position. In order to capture this transient aspect within a steady-state 
formulation, this study performed simulations for different lift positions for the base 
nozzle. The results is done for the flow distribution for needle lift positions at 0.275 
mm, 0.2 mm, 0.15 mm, and 0.1 mm. The corresponding velocity vector is plotted in 
order to explain the transient cavitation behavior. The velocity vectors for needle 
lift=0.275 mm indicate that the flow entering the orifice encounters a sharp bend 
(i.e., large velocity and pressure gradients) at the top of the orifice inlet causing 
cavitation in this region, However, with needle lift position at 0.15 mm, the flow 
entrance into the orifice is relatively smooth. 
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1. Introduction 
 

A diesel engine has been wildly used in the fields that require their high torque output and 
reliability for a long time such as heavy equipment and truck. The use of this type of engines face 
two major challenges; the first challenge is increased energy efficiency and the other one is lower 
emissions. Internal combustion engines are significant contributors to the environment pollution 
that involve a harmful effect on human health and the air [1-3]. Therefore, in designing field, the 
engine performance takes priority.  
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The nozzle of the engine represents one of the most important part in the present system. It 
controls the combustion and ignition process of the engine system. The ignition process inside the 
combustion chamber occurs when the fuel is inserted at high pressure through the hot compressed 
air inside the cylinder in a position near the end of the compression stroke. This process observe 
the fuel injection features and considered an essential stage process [4-6]. 

The diesel injection system involves an injection system that inserts the fuel into the engine 
combustion chamber at the right time, high pressure and with the right quantity. The nozzle 
represents the most important part in this system [7-9]. The nozzle involves specific holes to spread 
the fuel into the chamber, therefore the size and number of holes represent an essential part of the 
nozzle. The designed based on the chamber size, air swirl behavior inside the chamber and the 
engine torque. For direct injection diesel engine, there are two main nozzle types, the sac hole 
nozzle and the valve covered orifice nozzle (VCO) [10]. 

The increase of distance between the needle seat and the hole position of the injector, the 
radial motion of the needle tip does not change the fuel flow characteristics through the injector 
hole's motion and fuel spread inside the chamber. That means the fuel flow will be symmetric 
overall the injector spray. The uncontrollable charges variation produces due to the differences in 
the nozzle holes and produces a strong change in the overall spray [11]. 

The high performance of the fuel/air mixture produces a lean  of the diesel engine. This mixture 
produces a significant effect on fuel atomization and burning results [12-17]. The lean mixture can 
be produced based on the fuel characteristics through the injection process. The affected factors in 
this process are the nozzle shape design, injected pressure, fuel temperature the combustion 
environment characteristics such as the ambient temperature and pressure in addition to the 
burning specification. Many researchers considered the nozzle geometry is the core of these factors 
[18-24]. It affects and controls the fuel flow characteristics based on the cavity specifications and 
dimensions. The previous studies and experiment concluded with different shape design can 
present different spray and can improve engine performance. The major challenge is to find the 
optimal nozzle geometrical shape design of a diesel engine. The computer-aided design will provide 
the predicted results and present the flow behavior of fuel. 

From this point of view, the present research will investigate the ways to enhance the fuel 
mixture based on the nozzle geometrical design specification. However, before the improvement in 
the nozzle geometrical design specification, it is essential to verify the model for diesel injector flow 
pattern; which is the objective of this study. The study consists of a three-dimensional computer-
aided design using Solid Work and ANSYS 19.1. 
 
2. Methodology  
 

The recent contributions in the present work represent the verification for the simulation of the 
fuel behavior in the head of the nozzle and specifically in the tip. The flow in this area results in a 
turbulent flow, inherent instability, and aerodynamic changes. These changes caused by cavitation 
patterns inside the orifice of the nozzle injector. This part describes the methodology and 
procedure throughout the project in order to verify the behavior of injected fuel using 
computational fluid dynamics technique. The different numerical methods and a number of 
computerized algorithms applied in order to solve and analyses problems that involve the flow of 
fuel. This work aims to produce a numerical model capable to predict fuel characteristics in a 
simulated nozzle in order to investigate the behavior of the diesel and biodiesel in different 
conditions. The calculations require simulating the interaction of fuels with different effective 
parameters and initial conditions are done by the CFD. The methodology procedure in this work will 
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test the model by discretized the partial differential equations into a set of finite controllable 
volumes that. 
 
2.1 Modelling Procedure  
 

The research methodology described in the present work is generated by Solid Work software 
and transferred to the CFD program as a model of the diesel fuel nozzle. Two different modeling 
approaches are employed. The first is the 2D model presented by Som et al., [25] in order to 
investigate the flow behavior through the nozzle cavity. The second model is a 3D tip nozzle which 
is built using Andsaler et al., [24]. This model presented due to the large varieties in the injection 
system. These two differ fundamentally in the way they approach the problem. The first model 
relies on a detailed CFD mesh through the nozzle cavity in order to be able to model the boundary 
layer phenomena correctly and employs the traditional approach. The second model, on the other 
hand, relies on the mixture formation of the ignition process which represents a key element in the 
diesel combustion as it influences the combustion process and exhaust emission. 

In SolidWorks, drawings are the 2D documents that you create from 3D part or assembly 
models. The tools that are considered drawing tools in 2D programs are sketching tools. When 
developing models in SolidWorks, the sketch geometric entities (such as rectangles and circles) 
represent the basis for solid features. Based on the real dimensions, the drawing is created by Solid 
Work program as shown in Figures 1 and 2. In order to convert the 2D drawing to 3D element, the 
base feature for that is the REVOLVE. Configurations in SolidWorks allow creating multiple 
variations of a part or assembly model within a single document. Configurations are a convenient 
way to develop and manage families of models with different dimensions, components, or other 
parameters. 
 

 
Fig. 1. Nozzle head 
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Fig. 2. Needle tip 

 
After creating these two basic elements, the assembly can be performed based on the selected 

surfaces of the two elements. Figures 3 and 4 observe the 3D nozzle parts and section of the 
assembly. 
 

 
Fig. 3. 3D nozzle parts 

 

 
Fig. 4. Section of the assembly 
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For 2D simulation, the nozzle injector section can be shown in Figure 5. This part of the study is 
focused on the flow characteristics based on different needle profile dimensions as presented by 
Som et al., [25]. 
 

 
Fig. 5. 2D Nozzle tip configuration 

 
2.2 Computational Fluid Dynamics (CFD) 
 

CFD modeling was performed using the ANSYS FLUENT 16.2 CFD software. Computational fluid 
dynamic uses numerical methods and algorithms to solve and analyze problems that involve fluid 
flows. Computers are used to perform the calculations required to simulate the interaction of fuels, 
which defined by boundary conditions. With high-speed supercomputers, better solutions can be 
achieved. On-going research yields software that improves the accuracy and speed of complex 
simulation scenarios such as transonic or turbulent flows. ANSYS Workbench is composed of 
multiple data-integrated and native applications in a single, seamless project flow, where individual 
cells can obtain data from other cells and provide data to other cells. The first step concerns with 
creating the geometry as shown in Figure 6. 

In order to generate a computational mesh throughout the flow volume, it must use the ANSYS 
Meshing application to create a mesh for the CFD analysis. Meshing is defined as the process of 
dividing the whole component into a number of elements so that whenever the load is applied to 
the component it distributes the load uniformly called as meshing. The mesh elements can be used 
of the tetrahedral. To create a mesh, either the element count  (number of elements) or the 
element size can be specified. The size functions allow us to control the size of mesh-element edges 
for the geometric edges, faces or volumes that are meshed. The finer the mesh is better for analysis 
since it gives us more points to study the behaviour of parameters. When the mesh applied, the 
naming of the geometric elements applied. To simplify the work later on in ANSYS Fluent, all the 
surfaces should be labeled in each boundary of the geometry by using the name selections as 
shown in Figure 7. 

Meshing results measure the level of difficulty encountered in meshing the geometry. Meshing 
complexity involves the translation of these difficulties into a metric that quantifies them. For 
instance, there are many geometries that have extremely geometrically complex curves and 
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surfaces, but are meshed trivially. Likewise, one could easily construct a model using linear curves 
and planar surfaces that are nearly impossible to mesh. For that, the metric can be used to identify 
invalid as well as potential poor quality elements, which may cause larger solution errors. The 
standard ANSYS mesh quality presents that (0.5 to 0.8) can be considered as a good result based on 
scans statues, and the researcher achieves (0.79) mesh quality. Figure 8 presents the basic features 
of the model considered in the number of nodes and elements. 
 

 
Fig. 6. Imported Geometry 

 

 
Fig. 7. Mesh results 

 

 
Fig. 8. Mesh matric evaluation 
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3. Results and Discussion 
 

This section presents the validation and verification of the case study. The experimental data 
are used to validate the models taken from Som et al., [25]. Figure 9 shows the comparison 
between the present study and Som et al., [25]. The researcher used the same shape, 
configuration, and boundary condition. Because of the necessity to model the flow in diesel injector 
in different cases, it is necessary to consider the accuracy of the CFD method with the help of 
experimental data. The validation test is a method to minimize and quantify modeling errors and 
ensure that the CFD model being solved is a good representation of reality. In order to examine the 
effect of the variation of any particular parameter in the simulation, the sensitivity study is the first 
which has to be done before the validation. In this study, the sensitivity analyses have been 
performed to node number, grid types and turbulence models. In order to perform to the 
sensitivity study of the turbulent flow, the appropriate approach for the flow variables must to 
specify. 

In this section, the experimental results have been performed by applying the different mass 
flow of diesel. The computational domain can be considered as a two-dimensional region. The 
model describes a turbulent flow with different needle position. In order to obtain discharge 
coefficient data, the properties of different fuels are listed in Table 1. The initial amplitude 
parameter as defined by Li et al., [26] is used to characterize the level of turbulence at the nozzle 
exit. 

 
Table 1  
Comparison Contours of Different Number of Blade 

Property 
Viscor/cerium 
blend 

European 
diesel No. 2 

Chevron diesel 
No. 2 

Dodecane 

Density (kg/m3) 865.4 835.0 822.7 745.7 
Viscosityu (kg/ms) 0.0029 0.0025 0.0021 0.0014 
Surface Tension (N/m) 0.026 0.020 0.020 0.0025 
Vapor Pressure (Pa) 1057 1000 1000 40 

 
The injection event is inherently transient, as the injection pressure varies with the needle lift 

position. In order to capture this transient aspect within a steady-state formulation, this study 
performed simulations for different lift positions for the base nozzle. Figure 10 presents the flow 
distribution for needle lift positions at 0.275 mm, 0.2 mm, 0.15 mm, and 0.1 mm. In order to 
explain the transient cavitation behavior, Figure 11 presents the corresponding velocity vector 
plots. The velocity vectors for needle lift=0.275 mm indicate that the flow entering the orifice 
encounters a sharp bend (i.e., large velocity and pressure gradients) at the top of the orifice inlet 
causing cavitation in this region, However, with needle lift position at 0.15 mm, the flow entering 
into the orifice is relatively smooth. This is due to the fact that the flow is restricted between the 
needle and nozzle wall, and a sudden expansion result in a recirculation zone downstream of the 
restriction. 

This causes the velocity vectors to be aligned in a manner that the entry to the nozzle orifice is 
smooth thus inhibiting cavitation. Further downward movement of the needle (needle lift=0.1 mm) 
results in a stronger recirculation zone. The velocity vectors are aligned such that the entry at the 
orifice top is smooth, but the entry at the orifice bottom is sharp causing cavitation in the bottom 
region, although the velocity vectors encounter a sharp bend, the gradients are not sufficiently 
large to cause cavitation. 
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Figure 9 also presents a compression of the global nozzle characteristics in terms of discharge 
coefficient and lift position for the discussed cases. The results correspond to the full open needle 
position and indicate that Cd is essentially independent of the peak injection pressure, irrespective 
of the needle lift position. 

 

 
Fig. 9. Data comparison between present study and Som et 
al., [25] 

 

 
Fig. 10. Flow profile at different needle lift positions: a) 
0.275 mm b) 0.2 mm c) 0.15 mm d) 0.1 mm 
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Fig. 11. The velocity vectors a) 0.275 mm b) 0.2 mm c) 0.15 
mm d) 0.1 mm 

 
4. Conclusions 
 

The conclusions obtained in the present study are as follows: 
I. The simulation of the fuel behavior in the head of the nozzle and specifically in the tip. The 

velocity vectors for needle lift=0.275 mm indicate that the flow entering the orifice 
encounters a sharp bend (i.e., large velocity and pressure gradients) at the top of the orifice 
inlet causing cavitation in this region, However, with needle lift position at 0.15 mm, the 
flow entering into the orifice is relatively smooth.   

II. The results indicate that Cd is essentially independent of the peak injection pressure, 
irrespective of the needle lift position. 
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