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affecting the combustion performance and emissions of the internal mixing air-assisted 
atomizers. Air-assisted atomizers are introduced to counter the low-pressure 
differential of a simplex nozzle, which reduces the atomization quality. The present 
study aims to determine the effects of Multi Circular Jet (MCJ) plates on the 
geometrical configurations of internal flows in mixing chamber and the internal flow 
of plate 3 using different properties of fuel. In this study, the realizable k-ε turbulence 
model, specifically designed for strongly swirling flows, is validated through numerical 
simulations. The turbulence model selected is a type of Reynolds averaged Navier-
Stokes (RANS) model called the k-ε model.  The MCJ plates provide the primary air 
entrance into the mixing chamber. Additionally, it acts as a turbulence generator and 
can be adjusted to alter the flow of fuel and air mixtures in a mixing chamber. The 
study compares several MCJ geometries in terms of pressure, speed, turbulent kinetic 
energy, and volume fraction and compares the performances of diesel and Crude Palm 
Oil (CPO) B30 biodiesel fuels. The findings imply that CPO B30 biodiesel has superior 
atomization and mixing due to its higher density and turbulent kinetic energy. CPO B30 
biodiesel was compared to Diesel in terms of maximum pressure, average speed, 
turbulent kinetic energy per unit mass, and volume fraction. The results indicate that 
CPO B30 has lower pressure and higher velocity than Diesel, suggesting better fuel 
atomization and mixing. The higher density of CPO B30 leads to increased turbulent 
kinetic energy, improving fuel-air mixing inside the combustion chamber. The study 
demonstrates that the use of MCJ plates can enhance mixing in a mixing chamber. In 
addition, MCJ plates show the ability to control the spray and atomization. The findings 
of this study contribute to a better understanding of the relationships between 
geometry and fuel-air mixing, as well as the characteristics of the internal mixing air-
assisted atomizer, which will lead to future burner system improvements. 
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1. Introduction 
 

Premix injectors are a sort of indirect injection in which the fuel is pumped into a sub-chamber to 
be swirled with compressed air before being sprayed into the combustion chamber area [1]. Many 
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studies have suggested factors that influence the combustion and emissions of the burner. The 
physical and chemical properties of the fuel [2], spray characteristics [3], and fuel-air mixing [4, 5], 
were discovered to have a significant impact on the performance of the burner. 

The size, geometry, and physical properties of the dispersed phase (liquid) and continuous phase 
(pressurised air) determine the performance of an air-assisted atomizer. The air-assisted atomizer is 
designed to improve fuel-air mixing prior to spraying. It has advantages due to its excellent control 
for a variety of applications and has been extensively explored by many researchers [6-8]. It also has 
advantages over external mixing of air-assisted atomizers, such as good spray quality at low pressure, 
easy-to-control spray performance, and low primary air consumption. The atomizer nozzle geometry 
plays an important role in the characteristics of spray atomization and the formation of fuel-air 
mixtures [9], which contribute to enhancing the combustion and reducing the emissions [10, 11]. 

In the work of Rasha Abdulrazzak Jasim., et al., [12] the volume of fluid model (VOF), coupled 
with the turbulent model, has been applied. The two-dimensional Reynolds-averaged Navier-Stokes 
equations are wrongly solved by the second-order upwind method. The simple method developed 
using control volumes is used to apply the numerical technique. Calculations were made for a wide 
variety of Reynolds numbers (Re), which correlate to different flow patterns. The findings show that 
the impact of the gas phases on the liquid phases grows as the Reynolds number rises. While the 
height of the recirculation zone rises downstream from the obstruction, the boundary layer thickness 
downstream from the obstruction decreases with increasing Re. In the pressure field, this article 
found an inversion of the pressure gradient, which caused the boundary layer to separate; this is 
known as the "back flow phenomenon". 

Two-phase flow refers to the interactive flow of two distinct phases with common interfaces in a 
channel, with each phase representing a mass or volume of matter. The two phases can exist as 
combinations of solid, gas and/or liquid phases. In fluid mechanics, two-phase flow is a flow of gas 
and liquid, which is a particular example of multiphase flow. The simulation of isobutene flow via 
adiabatic capillary tubes by Yonghui Shu., et al., [13] included a comparison of the separated flow 
model with the homogeneous flow model. Due to the larger vapor phase mass percentage and higher 
vapour velocity in the separated flow model compared to the homogeneous flow model, which 
caused the separated flow model to forecast a lower mass flow rate, the separated flow model 
offered more dramatic pressure drop and temperature decrease. 

Previous studies have simulated the turbulence flow of a two-phase system using Reynolds 
averaged Navier-Stokes (RANS), which is beneficial for turbulence mixing process simulation [14, 15]. 
The results of the Renormalization Group (RNG) k-model and the conventional k-model were 
compared to published Particle Image Velocimetry (PIV) data. In addition, the constants in the 
transport equations were changed to show how the flow was moving on average over time. It was 
discovered through a multi-dimensional analysis that the RNG k-model performed worse than the 
conventional k-model in predicting the liquid-liquid two-phase mixing process. This insight can be 
valuable in selecting the suitable turbulence model [16]. 

 To optimize swirl intensities, it is necessary to consider several in-cylinder variables such as 
velocity, pressure, temperature, and turbulence intensity. The intake system can be altered, or the 
valve design can be changed, to produce a swirl. Manifold designs with bend angles of 15°, 30°, 45°, 
60°, and 75° were employed, and Ansys Fluent was used for all aspects of the numerical analysis. The 
study's findings showed that 75° was the best-optimized design (in terms of turbulent kinetic energy) 
for achieve superior swirl [16]. Furthermore, this research provides insight into how to develop novel 
methods for enhancing mixing by increasing turbulent kinetic energy [16, 17]. 

In 2014, another study conducted by Farid Sies. M., et al., [18] introduced the same fuel-water 
emulsion premix injector into the application of open burner. The study used a mixture of crude palm 
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oil (CPO) biodiesel and regular diesel fuel, along with standard diesel fuel and diesel fuel mixed with 
water as the working fluids. The spray formations were discovered to be dependent on the equivalent 
ratio or mass flow rate, with CPO biodiesel having longer penetration duration and spray area than 
diesel but a smaller spray angle. Furthermore, they revealed that high-density fuel with additional 
water content would result in longer spray penetration and a small spray angle. It is also to improve 
the optimization process of vegetable fuels in the combustion chamber of the engine, due to the 
turbulence causes by the atomizer. Density and viscosity are depending on the temperature which is 
increase in temperature under the influences of additional vortices, changes the physical parameters 
of the fuel that will affect the spraying process [18]. The spray penetration will increase as the water 
content in the fuel increases, while the spray area will decrease [19]. 

 This theoretical analysis focuses on modifying fuel injector components, specifically using spiral 
elliptical ducts in the atomizer, to enhance the injection parameters and combustion process of a 
modern compression ignition engine powered by biofuel. The combustion processes of compression 
ignition engine and micro gas turbine share some similarities, which make them a useful reference 
for each other. The objective of the injector modification is to improve the fuel injector process.  

The study by Amirnordin Shahrin et al., [20] compares the spray properties, swirling motion, and 
flame formation for multi-circular (MCJ) jet and swirl plate using two plates. When compared to MCJ, 
swirl plates create entirely distinct properties. The additional ability of MCJ plates to regulate spray 
and atomization can affect the combustion and emission of the internal mixing air-assisted atomizer.  

The flow recirculation created by the MCJ plates within the mixing chamber increases the liquid 
fuel and air interaction by having a longer retention time, which influences spray combustion. As a 
result, combustion can take place under any operating state. The use of MCJ plates in the atomizer 
allows for more precise control of spray combustion properties. This is critical in applications of the 
atomizer in the burner system that can fulfil industry standards. The present study aims to determine 
the effects of Multi Circular Jet (MCJ) plates on the geometrical configurations of internal flows in 
mixing chamber. The atomizer unit consists of components such as the atomizer plate with air holes, 
mixing chamber, nozzle orifice, air ducts, and fuel. Three different jet hole angle geometries are 
considered in this study. The function of this part is to mix the fuel and air before it is sprayed from 
the nozzle. Ansys Fluent software was used to simulate and determine the results in terms of 
pressure, average velocity distribution, turbulence kinetic energy and volume fraction.  
 
2. Methodology  
 

Design of Multi-Circular Jet (MCJ) is referred to the test rig performed by Yasufusa and Kidouchi 
[4]. The injector uses swirl to generate turbulence. It is located at the center of the chamber as in 
Figure 1. The input or fuels are supplied through the bottom of section of the injector.  
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Fig. 1. Turbulence generator 
configuration 

 
This injector is constructed with air and fuel inlet, mixing chamber, nozzle orifice air ducts. There 

are 3 geometries with different inlet angle are considered in this study. The specifications of each 
MCJ geometries are included in Table 1. MCJ plays the role of turbulence generator for the mixing of 
fuel and air before injected into the combustion chamber. Spray characteristics in the combustion 
chamber were influenced by the geometrical and physical structure of this turbulence generator. 
Injector plates deliver the fuel and air into the mixing chamber for the mixing process before 
discharge the mixture into the combustion chamber. 
 

Table 1  
MCJ geometries and specifications 
Specifications Plate 1 

Diameter, D1 

Hole angle, θ 
Open area, mm2 
Open area ratio, % Ae 
 

2 mm x 4 holes 
0° 
26.70 
18.94 

 
Specifications Plate 2 

Diameter, D1 

Hole angle, θ 
Open area, mm2 
Open area ratio, % Ae 

2 mm x 8 holes 
30° 
25.13 
17.8 

 
Specifications Plate 3 

Diameter, D1 

Hole angle, θ 
Open area, mm2 
Open area ratio, % Ae 

2 mm x 8 holes 
45° 
25.13 
17.8 

 

P1 

P2 

P3 
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2.1 Turbulence Model 
 

Turbulence plays a crucial role in computational fluid dynamics (CFD), characterized by its random 
and non-constant nature, making it challenging to predict using theoretical approaches. To account 
for turbulence, it becomes necessary to make assumptions about the transport process and establish 
connections between different physical quantities within the time-averaged flow field [21]. 
Therefore, turbulence models are introduced. 

Turbulence parameters refer to the characteristics of turbulent flow, which is fluid motion 
characterized by chaotic changes in pressure and flow velocity. Turbulent kinetic energy (TKE) is 
another parameter used to describe turbulence, which is the energy associated with the random 
motion of fluid particles in a turbulent flow. The choice of turbulence parameters can affect the 
accuracy and efficiency of the simulation, and different parameters may be more appropriate for 
different types of flows. When a fluid is moving in relation to a surface, the Reynolds number may be 
defined for a variety of different scenarios. These definitions typically incorporate the fluid's density 
and viscosity, as well as a velocity and a characteristic length or characteristic dimension. The 
Reynolds number is an important parameter in all viscous flows where a numerical model is selected 
according to pre-calculated Reynolds number. 

In this study, the realizable k-ε turbulence model, specifically designed for strongly swirling flows, 
is validated through numerical simulations. The turbulence model selected is a type of Reynolds 
averaged Navier-Stokes (RANS) model called the k-ε model [22, 23]. This model is widely used and 
preferred for numerical simulations in technical applications due to its numerical stability, 
robustness, and popularity.  
  
2.2 Simulation Setup 
  

Ansys Fluent software was used for the flow analysis process that involves injecting fuel and air 
into a chamber. Diesel and CPO biodiesel fuels are injected into the chamber to simulate the actual 
fluid flow inside the mixing chamber before they are released into the replica micro gas turbine 
combustion chamber using the multi circular jet modelling from SolidWorks. 

The process of meshing, which involves dividing complicated geometries into elements that may 
be utilized to discretize a domain, is a critical one in the simulation process. The accuracy, 
convergence, and speed of the simulation are all influenced by the mesh quality, and several software 
packages provide different meshing procedures. Unstructured meshing is used for complicated 
geometries where it would be impossible to build a structured mesh. Structured meshing is utilized 
for these simulation geometries. Structured meshes are also easier to generate, as the grid cells have 
a regular and structured arrangement that makes them easier to map by simple indices.  

A more exact simulation is achieved by using cutcell meshes, which can compute precise 
intersections with the geometry and delete the piece of the mesh that is outside the geometry. 
Create a body-fitted mesh with a mostly hexahedral cell structure using the meshing process known 
as cutcell meshing. The simulation incorporates cutcell meshing, which can result in a body-fitted 
mesh with a mostly hexahedral cell structure. Better results, a body-fitted mesh, a primarily 
hexahedral mesh, and quicker mesh production are all benefits of cutcell meshing. 

In general, selecting the appropriate inlet conditions for a multiphase flow simulation requires a 
good understanding of the physics of the system being modeled and the goals of the simulation. 
Objectives of these models is to act as turbulence generators which produce a mixing flow of two 
different phase. The air inlets selection is based on the outer inlet which will produce turbulence to 
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helps in the mixing with fuel. The fuel flow in the middle inlets provides the collision of molecules 
from the air and fuel for mixing and turbulence to occur. 

Import this into a computing program after that to solve equations iteratively and determine the 
values of the parameters of each mesh node. The segregated solution method was used to solve the 
governing equations and the turbulence model. The velocity-pressure linked to a multiphase model 
(VOF) was simulated using the SIMPLE (Semi Implicit Method for Pressure Linked Equations) method, 
while the convective and diffusive elements were modelled using a second-order upwind technique. 

When simulating the fluid and air flow in an atomizer, boundary conditions need to be specified 
to determine how they enter and exit the system. These conditions include variables such as 
temperature, intake pressure, and fluid flow velocity, and it is important to consider additional 
boundaries such as the smoothness of the mixing chamber's walls and the heat transfer requirements 
of the injector's walls. In this study, 3-Dimensional model (3D) defines the boundary conditions for 
the Ansys Fluent software's inlet and outlet channels. Table 2 displays the boundary conditions that 
were employed in this simulation 
 

Table 2 
Summary of boundary conditions 
Description Figure 

OUTLET 
The outlet is replicated as a 
semi sphere which is parallel 
to the surface nozzle and 
the outlets pressure is set to 
atmospheric pressure which 
is 1 bar. The flow from 
mixing chamber will flow 
into the combustion 
chamber through the nozzle 
orifice. 

 
 

INLETS 
The velocity of the fluid or 
mass flow rate can be 
determined by the inlet 
selection in form of mass 
flow rate. In this case 
consists of two different 
inlets with different flow 
rate. 
 

 

 

WALL 
Solid wall is the basic 
boundary condition that 
exists in the domain of fluid 
flow. The wall injector, 
nozzle, and spray chamber 
are no wall motion, and it 
remains stationary. Aside 
from that the fluid flow is 
non-slip due to the shear 
condition of the wall. 
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For this simulation study, three different MCJ plates were tested with three different fuel mass 
flow rates. The boundary conditions for three simulations were kept constant throughout the 
procedure. Table 3 shows the mass flow rates of intake diesel fuel and air used in the simulation. The 
air flow for the simulation is incompressible as the density is constant throughout the simulation, 
where the velocity of the air is at low speed. 
 

Table 3 
Mass flow rate of inlet 

Inlet Density (kg/m3) Mass Flow Rate (kg/m) 

Diesel 833.7 2.06 × 10-3 
Crude palm oil 839.5 1.37 × 10-3 

Air 1.255 0.0393 

 
2.3 Grid Independence Study 
 

In numerical simulations, a grid independence study is often conducted to ensure that the results 
obtained are not influenced by the grid resolution used. It is essential in CFD simulations to minimize 
the discretization errors and ensure accurate results. Some of the literature has reported that grid 
size has a significant effect on the convergence and predicted results [24, 25]. In this study, a grid 
independence study was performed to ensure that the grid was sufficiently refined with respect to 
different sizes. Grid sensitivity was tested on the model with different grid sizes such as coarse, 
medium, and fine mesh.  

For comparison purposes, the graph of velocity produced along the mixing chamber by three 
different mesh levels is shown in Figure 2. 8 (eight) planes were drawn inside the chamber so that 
velocity data could be extracted from all the planes and graphed. As can be seen in Figure 2, the 
values of the velocity variable and graph pattern were not significantly changed when the grid size 
increased from coarse to fine.  

 
Fig. 2. Velocity Profile at different mesh levels 

  
The sudden increase in velocity at the area of 5- 10 mm from the fuel inlet is believed to be where 

the rapid fuel-air mixing occurs. After 10 mm, the velocity started to decrease along the mixing 
chamber. It is because of the energy loss brought on by the quickly forming mixture of diesel fuel and 
colliding air. The best velocity graph fit among the three mesh levels is used to choose the optimum 
grid. Because it lies between the coarse and fine grid levels, the medium mesh level is chosen to 
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represent the mesh element of 4112970. It is decided to use medium mesh resolution for the rest of 
the simulations. 
                         
3. Results and Discussion 
 

This section discusses the computational work involved in the analysis of the internal mixing air-
assisted atomizer. This is to meet the objective of getting information about the influences of changes 
in geometries on the internal flow of the mixing chamber. Another factor to be considered is the 
influence of MCJ plate geometry on primary air entering the mixing chamber and the mixing process 
between the primary air and liquid fuel. Two factors need to be considered: the effects of the open 
area ratio and the jet-hole angle. As a result, the mixing chamber, as shown in Figure 3, is divided 
into eight planes with equal distances from the fuel entrance hole. Data such as velocity, turbulent 
kinetic energy, and volume percentage are collected and analyzed in each plane.  
 

 
Fig. 3. Mixing chamber plane division 

 
3.1 Effects of Different Jet-hole Angle on the Flow Behavior  
 

The simulation analysis for given the fuel used is in stoichiometric condition. The parameters in 
the flow analysis represent the physical conditions that occur in the mixing chamber before it is 
sprayed out. A velocity streamline is a line that connects the velocity vectors and shows the direction 
of fluid flow. In this study, it represents the flow of fuel and air mixture from the fuel inlet to the 
nozzle along the mixing chamber. Fuel and air enter the chamber through two different inlets and 
travel vertically through the chamber before exiting through the nozzle at the top. In the chamber, 
parameters such as velocity and pressure were calculated numerically.  
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3.1.1 Velocity streamline and vector 
 

Figure 4 shows the velocity streamline and vector of the different MCJ geometries. P1 represents 
the flow of fuel and air mixtures from the inlets, which travels vertically straight up to the nozzle of 
the chamber shown in Figure 4. The mixing process at the bottom of the chamber takes place slower 
as the fuel enters the chamber through fuel inlets and does not directly meet the air flow into the 
chamber. Vertical flows of air into the chamber do not produce enough tangential velocity 
components to produce turbulence that promotes mixing. 

 

 
Fig. 4. Flow characteristics for the P1; (a) velocity streamline (b) plate geometry (c) 
velocity vector 

 

 
Fig. 5. Flow characteristics for the P2; (a) velocity streamline (b) plate geometry (c) 
velocity vector 

 
The conditions for P2 and P3 are, however, different (Figure 5 and 6). The air enters at an angle 

and attacks the fuel as it flows through the inlets, allowing the fuel and air to mix. This causes the 
molecules to come together and promotes mixing in this region. The angle of the air inlets increases 
the length of the pathway and duration residence, enabling the stream to travel further away. The 
procedure allows for the development of a homogeneous mixture in the chamber.  
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Fig. 6. Flow characteristics for the case, P3; (a) velocity streamline (b) plate geometry (c) 
velocity vector 

 
3.1.2 Velocity characteristics 
 

The bottom of the mixing chamber exhibits high velocity for P2 and P3. For these plates, its 
velocity decreases before increasing as it approaches the nozzle. However, the velocity for P1 
decreases gradually along the mixing chamber. This is due to the changes in fuel and air volume from 
a smaller area (inlet) to larger area (mixing chamber). Besides, it is found that the average velocity 
for both plates decrease along the mixing chamber as the fuel mass flow rate increase as shown in 
Figure 7. 
 

 
Fig. 7. Velocity contour for the different jet-hole angle; (a) 0°, (b) 30° and (c) 45° 
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In the comparison from Figure 8, it is clearly seen that the average velocity on the higher inlet 
angle plates is higher compared to the others. P3, with the largest angle at 45°, exhibits the highest 
velocity for all planes. At 45°, the air enters the mixing chamber and directly hits the fuel, which is 
vertically entering the chamber. The momentum produced has increased the kinetic energy and 
produced high velocities in the mixtures at the bottom of the chamber. The air entrance at 30° is 
slightly lower in terms of velocity. The trend is consistent at all planes in the chamber except at the 
top section, where it is not applicable due to the large distance from the recirculation area. This is 
due to the existence of turbulence motion in the mixing chamber of the plate, which can increase the 
velocity. As a result, it is possible to deduce that the velocity profile has a considerable impact on fuel 
mixing and atomization. 
 

 
Fig. 8. Velocity profile for MCJ plates in the mixing chamber 

 
3.1.3 Turbulence kinetic energy  
 

Turbulence kinetic energy (TKE) is the mean kinetic energy per unit mass, which is related to the 
eddies in turbulent flow. Figure 9 depicts the contour of the turbulent kinetic energy of fuel and air 
mixing inside the mixing chamber. Figure 9 describes the TKE inside the mixing chamber for the MCJ 
plates with different inlet angles. For P1, the result shows that the TKE decreases gradually as the 
fluid flow approaches the mixing chamber. This is due to the high flow velocity generated by the inlet 
hole, which led the inlet air to flow into the center of the mixing chamber. The presence of flow 
recirculation from the angular air direction gives a higher impact compared to the vertical direction. 
The collision of air and fuel molecules inside the chamber assists the high production of TKE and is 
effective at the middle planes (20 mm and above) from the bottom of the chamber, as in Figure 10. 
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Fig. 9. (a) P1 (2) P2 (c) P3 turbulence kinetic energy contour 

 

 
Fig. 10. Turbulence Kinetic Energy for MCJ plates inside the mixing chamber 

  
The comparison of the plates shows that angular jet hole plates can produce higher TKE than 

vertical jet hole flows. Turbulent kinetic energy is one of the crucial upstream parameters to be 
determined because it is related to the spray breakup and minimizes the cavitation inside the orifice. 
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3.1.4 Volume fraction  
 

The volume fraction represents the composition percentage of the diesel fuel and air mixture 
within the mixing chamber. Figure 11 illustrates the volume fraction along the mixing chamber for 
MCJ plates. The results showed that the volume fraction of 0-degree angle plates (P1) exhibits a 
higher value compared to P2 and P3 at the bottom of the mixing chamber. However, the volume 
fraction drops at higher planes. This is due to the mixing that has taken place throughout the mixing 
chamber. 
 

 
Fig. 11. Volume Fraction for MCJ plates inside the mixing chamber 

 
3.1.5 Pressure characteristics 
 

The pressure that is developed in the mixing chamber determines the pump power required to 
overcome the pressure of the atomizer. Figure 12 exhibits the pressure developed inside the mixing 
chamber of P1, P2 and P3. It is observed that the pressure of P2 and P3 is higher compared to P1. 
The pressure increases the kinetic energy and turbulence inside the mixing chamber to provide a 
better mixing condition. 
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Fig. 12. Pressure for MCJ plates inside the mixing chamber 

 
3.2 Comparison of 45° MCJ (P3) with Different Fuel Properties 
 

This section discusses further the internal flow in the mixing chamber of P3 plate with different 
types of fuels. The discussion is on how the fuel and air mix with different density and viscosity of a 
fuel. Fuel compare are diesel and CPO B30 biodiesel as mentioned in subchapter 2.1. 

Figure 13 (a) displays the average velocity for the fuels. Both fuels show that the average velocity 
decreases in the vertical direction of the mixing chamber. However, diesel shows a lower average 
velocity due to its lower density and higher flow rates. Fuels with a lower density have a lower mass 
per unit volume, which means the same volume of liquid contains less mass. This reduction in mass 
will require less force to move the fluid through the inlet at the same velocity, resulting in an increase 
in flow rate. It is found that CPO B30 has a higher velocity compared to diesel, which shows that CPO 
B30 has a better mixing and atomization process. 

Figure 13 (b) depicts the contour of turbulent kinetic energy per unit mass inside the mixing 
chamber, where it is related to the eddies in a turbulent flow. CPO B30 with a higher density has 
higher turbulence kinetic energy due to the increasing Reynolds number. Reynolds numbers 
influence the turbulent intensity of certain fluids. Thus, increasing the Reynolds number improves 
the turbulent flow, which leads to better mixing of fuel and air inside the chamber. A study of the 
turbulence kinetic energy of both fuels demonstrates that CPO B30 biodiesel has a better mixing 
process than diesel. 

Figure 13 (c) depicts the maximum pressure obtained for diesel and CPO B30 biodiesel.  CPO B30 
produces less pressure than diesel. A low backpressure indicates low pumping power, which can be 
related to the low power input required to run the burner system. This is related to production cost 
savings. 

Figure 13 (d) shows the volume fraction along the mixing chamber for both fuels. The volume 
fraction of diesel is higher compared to CPO B30 at the entrance of the mixing chamber (5–10 mm). 
However, at planes 3 and above, the value is 0, which is the same for both fuels. The volume fraction 
indicates the composition percentage of the diesel fuel and air mixture inside the mixing chamber. 
The low volume fraction indicates the swirling flow has assisted in mixing fuel and air, especially at 
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planes 1 and 2. The swirl mixes the liquid and air at a faster rate, as seen from the high velocity of 
flow inside the mixing chamber. Both fuels undergo a complete mixing process since the volume 
fraction is zero at the upper level of the plates. 
 

 
Fig. 13. (a) Velocity (b) Turbulence Kinetic Energy (c) Pressure (d) Volume fraction for P4 between diesel 
and CPO B30 fuel 

 
4. Conclusions 
 

In this paper, flow behavior in terms of velocity and pressure of fuel and air in a mixing chamber 
is predicted using CFD analysis. At the bottom of the mixing chamber, MCJ plates act as turbulence 
generators, achieving a high turbulence level at various jet hole angles.  

The plates enable the generation of an intense turbulent field, and the geometry can be 
manipulated to control the flow. This is used to control the spray and atomization characteristics. 
The analysis compares various MCJ geometries and shows that P1 geometry causes slower mixing at 
the bottom of the chamber because there is no direct contact between fuel and air at the inlets and 
not enough tangential velocity components of the vertical air flows to encourage turbulence and 
mixing. 

Diesel and CPO B30 biodiesel were compared in terms of maximum pressure, average speed, 
turbulent kinetic energy per unit mass, and volume fraction. The results show that CPO B30 has lower 
pressure and higher velocity than diesel, implying a better atomization and mixing process. The 
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increased turbulent kinetic energy caused by the higher density of CPO B30 improves the mixing of 
fuel and air inside the chamber. The volume percent shows that both fuels fully mix, but the swirl in 
the mixing chamber has helped to further mix air and fuel, particularly at planes 1 and 2. 
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