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Abstract 

Purpose: This study aims to analyze the characteristics of fuel injection in the intake manifold of a 

four-stroke gasoline engine using numerical modeling and simulation methods. 

Research Methodology: The study was conducted by modeling an injector using mathematical 

equations and varying the inlet speed. 

Results: The simulation results revealed that as the inlet speed increased, the fluid injection points 

shifted faster. The wall area exhibited low speed due to the boundary layer effect, indicating poor 

fuel and air mixing in those areas. 

Conclusions: The study demonstrates that varying inlet velocities significantly affect the speed 

and pressure distribution patterns within the intake manifold. Higher inlet velocities cause the 

spray point to shift more rapidly, enhancing fuel-air mixing in specific areas. The velocity vector 

distribution revealed vortex patterns around the spray points, further contributing to the mixing 

process. 

Limitations: This study is limited by the specific conditions in the ANSYS FLUENT simulations, 

such as constant temperature and pressure, which may not represent real-world variations. Moreover, 

only a single injector model was examined, and future research could explore multiple injector 

configurations and their impacts under different operational conditions. 

Contributions: This research enhances the understanding of how inlet velocity influences fuel-air 

mixing in gasoline engines. By using ANSYS FLUENT, the study offers valuable insights into 

velocity, pressure, and flow patterns in the intake manifold. These findings have implications for 

optimizing fuel injection systems in four-stroke gasoline engines, contributing to improved engine 

performance and efficiency. 
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1. Introduction 
 

A piston engine is a type of combustion engine that converts chemical energy into thermal energy, which 

is then converted into mechanical energy (Ayuningtyas & Ilman, 2021; Rao et al., 2018). A piston 

engine is an internal combustion engine (ICE). There are three types of piston engines: gasoline, gas 

(OTT), and diesel. The difference between these three types is that an Otto engine uses gasoline and gas, 

whereas a diesel engine uses diesel fuel (Aljaberi et al., 2017; Wahyuningsih et al., 2021). The main 
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difference between the two is the ignition system. Gasoline engines use spark plugs, whereas diesel 

engines utilize high compression temperatures to ignite diesel fuel (Ikeya et al., 2015). A gasoline engine 

is a piston engine. In a gasoline engine, the fuel is ignited by an electric spark generated between two 

iron electrodes. Fuel mixing occurs outside the cylinder (i.e., combustion chamber) (Dinh et al., 2020; 

Kalita & Titabor, 2016; Syahrial & Sudono, 2021). In a conventional gasoline engine, fuel and air are 

mixed using a carburetor (Anakottapary, 2020; Berlian Rms & Wahyuningsih, 2021). 

To achieve optimal performance from a gasoline engine, the fuel and air must be mixed perfectly to meet 

the engine’s needs (Saputro & Soleha, 2021). Therefore, technological developments in this mixing 

process have been undertaken, and the carburetor has been replaced with a fuel injection system. The 

goal of this development is to improve the performance of previous technologies, including addressing 

the engine’s need for a more balanced fuel-air mixture (Benajes et al., 2017; Ricardianto et al., 2021). 

Furthermore, this technology meets the demands for more economical fuel consumption and increased 

engine performance. In gasoline engines, fuel injection is expected to achieve complete combustion 

of the fuel (Susanto et al., 2021). Therefore, the fuel must be properly mixed with air before entering 

the combustion chamber. The fuel injection system has sensors that can respond to the fuel needs 

of the engine. This thesis discusses the characteristics of the fuel spray in the intake manifold using 

numerical modeling simulation methods for a four-stroke gasoline engine (Chala et al., 2018; Kalghatgi 

& Johansson, 2018; Parmenas, 2021). 

In order to effectively model the fuel injection process, it is essential to understand how different variables, 

such as injector design, fuel pressure, and inlet velocity, influence the atomization and mixing of the 

fuel-air mixture (Barot et al., 2017; Setyawati et al., 2021). The study utilizes Computational Fluid 

Dynamics (CFD) simulations to simulate the flow of fuel and air through the intake manifold of a 

four-stroke gasoline engine (Galamboš et al., 2020; Mishra et al., 2016; Susanto & Parmenas, 2021). 

By using advanced CFD software such as ANSYS FLUENT, this research aims to analyze how varying 

inlet velocities affect the fuel injection process and the subsequent combustion efficiency (Holkar et al., 

2015; Inam et al., 2019; Xu & Choa, 2016). Additionally, the study will explore how the geometry 

of the intake manifold and injector nozzle configuration impact the dispersion and uniformity of the 

fuel-air mixture (Jumadi et al., 2020; Setyawati & Aristiyanto, 2021). The results from this simulation 

will provide valuable insights into the optimization of fuel injection systems, contributing to improved 

engine performance, fuel efficiency, and reduced emissions. Ultimately, this work seeks to enhance the 

understanding of the fluid dynamics involved in fuel injection and assist in the design of more efficient 

internal combustion engines. 

 

2. Literature Review 
 

2.1 Motor Burn 

A combustion engine is a machine or device that uses thermal energy to perform mechanical work by 

converting the chemical energy of the fuel into heat energy and using this energy to perform mechanical 

work (Heriyanto, 2021; Kuncoro & Harahap, 2021). Thermal energy is obtained from the combustion of 

fuel in an engine (Agusinta et al., 2021; Anggraini, 2021). When viewed from the method of obtaining 

thermal energy (the fuel combustion process), combustion engines can be divided into two groups: 

external and internal combustion engines (Descombes et al., 2003; Kunze & Stimming, 2009). In 

this external combustion process, the fuel combustion process occurs outside the engine; therefore, a 

separate engine is used to carry out the combustion (Keke et al., 2021). The heat from combustion is first 

transferred through a conducting medium and then converted into mechanical energy. For example, a 

boiler or steam turbine (Saputro & Soleha, 2021). Internal combustion engines: In internal combustion 

engines, fuel combustion occurs within the engine, converting the heat generated directly into mechanical 
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energy. For example, gas turbines and reciprocating engines (Aprillita & Perkasa, 2021; Wallington et al., 

2006). 

2.2 Principle Work Motor Gas 

This energy is then used to generate a mechanical motion. The working principle of a gasoline engine 

can be explained as follows: a mixture of air and fuel from the carburetor is drawn into the cylinder. It is 

then compressed. by the piston moment move go on. When the mixture of air and material burns with 

the existence of a spark from the spark plug, it produces high combustion gas pressure inside the cylinder 

(Abdullah, 2021; Abu-Qudais et al., 2001). This combustion gas pressure pushes the piston down, which 

moves the piston freely up and down inside the cylinder, as shown in Figure 1. The linear (upward and 

downward) motion of the piston is converted into rotary motion on the crankshaft via the piston rod. This 

rotary motion generates power for vehicles. 
 

Figure 1. Torak and Mechanism Cranking 

 

Based on Figure 1, the highest position reached by the piston in the cylinder is called the top dead 

center (TDC), and the lowest position reached by the piston is called the bottom dead center (BDC). 

The distance the piston moves between the BDC and TDC is called the piston stroke. The air and fuel 

mixture is sucked into the cylinder and the burned gas must be released, and this must occur continuously 

(Andwari et al., 2018; Goyal et al., 2019). This work is performed by the piston moving up and down in 

the cylinder. The process of sucking the air and fuel mixture into the cylinder, compressing it, burning it, 

and expelling the used gas from the cylinder is called a cycle. Additionally, there is an engine in which 

each cycle consists of two piston strokes. This engine is called a 2-stroke engine (two-stroke engine). 

The crankshaft rotates once, whereas the piston completes two strokes. In other engines, each cycle 

consists of four strokes of the piston (Satria, 2021; Solihin, 2021). This engine is called a four-stroke 

engine. The crankshaft rotates two complete revolutions, whereas the piston completes four strokes in 

each cycle. 
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Figure 2. Cycle Machine 

 

Figure 2 shows the pressure-volume (P-V) cycle of a four-stroke engine, illustrating the stages of 

compression, power, exhaust, and intake. It depicts the movement of the piston from top dead center 

(TDC) to bottom dead center (BDC), with valve actions for each phase. 

2.3 Principle Work Machine 4 Step 

The principle of the Work motor gas is explained in Figure 3 as follows: 
 

Figure 3. Principle Work Machine 4 Step 

 

Based on Figure 3, the piston reciprocated up and down inside the cylinder. The highest point reached 

by the piston is called the top dead center (TDC), and the lowest point is called the bottom dead center 

(BDC). The movement from the TDC to the BDC is called the piston stroke. In a 4-stroke engine, there 

are four steps in one movement: the intake, compression, power, and exhaust strokes (Aljaberi et al., 

2018; Nassiri et al., 2017). 

1. Step Suck 

In this stroke, the air and fuel mixture is drawn into the cylinder. The intake valve opens when the 

valve is thrown away and closed. The piston moves downward, causing the cylinder to become 

a vacuum, and the entry of a mixture of air and fuel into the cylinder is caused by external air 

pressure (atmospheric pressure). 

2. Step Compression 

In this stroke, the air-fuel mixture is compressed. The intake and exhaust valves were closed. As 

the piston begins to rise from the bottom dead center (BDC) to the top dead center (TDC), the 

inhaled mixture is compressed. Consequently, its pressure and temperature increase, making it 

more flammable. The crankshaft rotates once when the piston... reaches the TMA 

3. Step Business During this stroke, the engine generates power to propel the vehicle forward. Just 

before the piston reaches the TDC during the compression stroke, the spark plug ignites the 
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compressed mixture. With the occurrence of burning, the strength from the pressure gas burning 

pushes the piston down. This effort produces the engine power. 

4. Step Throw away In this stroke, the burned gases are expelled from the cylinders. The exhaust 

valve removes burned gases from the cylinder. The exhaust valve opens, and the piston moves 

from the BDC to the TDC, pushing the spent gases out of the cylinder. When the piston reaches the 

TDC, it moves again in preparation for the next stroke, which is the intake stroke. The crankshaft 

performs two full rotations in one cycle, consisting of four steps: suction, compression, power, and 

exhaust, which is the basis of how a 4-stroke engine works. 

2.4 Cycle Ideal Motor Gas 4 Step 

The thermodynamic and chemical processes occurring in gasoline engines are too complex to analyze 

theoretically (Neto et al., 2015). Therefore, this analysis requires imagining that these processes are in 

ideal conditions. Generally, the motor gas used cycle air as the ideal cycle (Ge et al., 2016). On cycle air 

volume constant (on cycle Otto) can depicted with chart pressure volume function, that is chart ρ–υ on 

Figure 4, which show diagram cycle Otto with income volume constant. 
 

Figure 4. Diagram Cycle Otto 

 

Where: 

• qm = amount heat Which entered 

• qk = amount of heat released 

The ideal properties used and the description of the cycle process shown in Figure 4 are as follows: 

• Curve 0–1 : Suction stroke at constant pressure. 

• Curve 1–2 : Step compression, on-process isentropic. 

• Curve 2–3 : Process burning on volume constant, process income heat on volume constant. 

• Curve 3–4 : Work steps in the isentropic expansion process. 

• Curve 4–1–0 : discard step. 

2.5 Computational Fluid Dynamics (CFD) 

Fluid flow, whether liquid or gas, is closely related to life. daily. For example, conditioning air for 

buildings and cars, burning in motor burn and propulsion systems, and the interaction of various objects 

with air or water, complex flows in heat exchangers, and chemical reactors are quite interesting to 
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research, investigate, and analyze. To meet these research needs, even at the design level, a tool is needed 

that can analyze or predict quickly and accurately. Thus, a science called computational fluid dynamics 

(CFD) was developed, also known in Indonesian as computational fluid flow dynamics (CFD). 

2.6 Process Simulation CFD 

In general, there are three stages that must be carried out when conducting a CFD simulation, namely 

Preprocessing, Matter This first in build and analyze CFD models. Technically is make make model 

in package CAD (computer aided design), make mesh the condition limit and properties of the fluid 

were then applied. Solvers (the core solution-finding program) calculated the conditions applied during 

preprocessing. Post-processing is the final step in the CFD analysis. This step organizes and interprets 

the CFD simulation data, which can take the form of images, curves, or animations. 

2.7 Structure Program Fluent 

Structure from component the can seen on Figure! 5 
 

Figure 5. Structure Component Program Fluent 

Source: (Tuakia, 2008) 

 

Based on the Figure 5, the workflow outlines the process for setting up computational simulations. It 

starts with PrePDF for calculations and lookup tables, then moves to Gambit for geometry setup and mesh 

creation. The mesh is then imported and adapted into Fluent for physical modeling and computation. 

Alternatively, TGrid can be used for generating 2D or 3D meshes. The process ends with post-processing 

in Fluent, producing results in PDF format. 

 

3. Methodology 
 

Research methodology refers to the stages of research that must be established before problem-solving 

can be undertaken. This allows for focused research and facilitates the analysis of problems (Sunarya 

et al., 2018). The following flowchart of the research method used is shown in Figure 6. 
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Figure 6. Research Flowchart 

 

Based on Figure 6, the research process begins with data collection, followed by determining whether 

the data is suitable for analysis. If the data is suitable, the next step is the preparation and processing of 

the data. If not, the researcher will need to review and refine the data collection. After data processing, 

the next step involves conducting the analysis, followed by interpreting the results. Finally, the findings 

are used to draw conclusions and recommendations. 

3.1 Procedure Retrieval Data 

The data collection procedure, in the form of modeling, was performed using Autodesk Inventor software 

by creating a CAD model of the fluid domain to be simulated. The model was then exported into the iges 

format for compatibility with ANSYS FLUENT. 

3.2 Specification Data And Calculation 

• The air flow speeds were 10, 20, and 30 m/s. 

• Temperature 300◦K. 

• Pressure 300000 Pa. 

• Characteristics of the injector. 

Characteristics injector based on injector brand: Accel, type: universal, with specification as following: 

• Flow rate = 0.003 kg/s 

• Vapor pressure = 3 × 105 bar 

• Injection inner diameter = 0.0002 m 

• Atomizer = 6 

3.3 Modeling CAD Use Autodesk Inverter 

This study examined the characteristics of gasoline injection in the intake manifold of a gasoline-powered 

internal combustion engine. The research was conducted using ANSYS FLUENT 17.1 software, a CFD 

program that uses the finite volume method (Afzal et al., 2017). Fluent provide flexibility mesh Which 

complete, so that can finish case flow Fluid modeling, even with an unstructured mesh (grid), is relatively 

easy (Gilmore et al., 2015; Gupta et al., 2020). The dimensions of this intake manifold model were 

based on the actual dimensions by directly measuring the geometry of the internal combustion engine in 

the thermal laboratory of the Energy Conversion Engineering Department, ISTN Jakarta. The internal 
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combustion engine is shown in Figure 7. 
 

Figure 7. Photo Motor Gasoline In Lab. Thermal T. Conversion Energy ISTN 

Source: Motor FORD 2271E, 1000 cc can operated with round 1000 rpm, 2000 rpm, 3000 rpm and 4000 

rpm 

 

Figure 8. Results Measurement Geometry Room Burn (Intake Manifold) 

 

Based on Figure 7 and Figure 8, the steps for creating a CAD model in Autodesk Inventor are as follows: 

create a sketch based on the existing dimensions, perform a revolution to create a cylinder from the 

sketch, create a second inlet sketch at the center point of the cylinder, and extrude the inlet sketch to form 

a new cylinder. 
 

Figure 9. Design Sketch Geometry 

 

Based on Figure 9, the following describes the steps taken in Autodesk Inventor software, designing 

Geometry Sketches, making sketches based on dimensions which are known, that is, in the form of 

picture piece cross-section of a half-cylinder, with a diameter guide line at the base of the box shape. 

This diameter guideline serves as the axis of rotation of the box sketch to form a cylinder. 
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3.4 Design Sketch Solid 3D 
 

Figure 10. Design Sketch Solid 3D 

 

Based on Figure 10, the sketch was revolved around the rotation axis, which is the base of the sketch, to 

create a 3D solid cylinder model. This step serves to “rotate” the box sketch we created around a specific 

rotation axis, which is the base of the box, along 360◦ or a full circle, to form a solid cylinder model. 

3.5 Design Sketch Inlet road Outlet 
 

Figure 11. Design Sketch Diameter Inlet and Outle 

 

Based on Figure 11, the inlet second was sketched with predetermined dimensions. The second is a circle 

that will later become the diameter of the outlet. 

3.6 Design Extrude 

The sketch is extruded to create a new cylinder. The circular sketch was extruded to create a solid cylinder 

model. 
 

Figure 12. Design Sketch Diameter Inlet and Outlet 

 

Based on Figure 12, from the existing geometric model and input data in the form of fuel properties 

and characteristics inputted as boundary conditions, researchers process the data into output in the form 

of flow patterns in the intake manifold using the ANSYS FLUENT program so that the data can be 
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analyzed and compared. Data retrieval in the form of flow patterns and characteristics was carried out in 

the ANSYS results, also known as post-processing. 

3.7 Meshing and Input Boundary Condition Use ANSYS 
 

Figure 13. Modeling Intake Manifold 

 

Based on Figure 13, this is a simulation model of a cylindrical object created in ANSYS, showing the 

mesh applied to the geometry. The injector is located at one end of the cylinder, and the flow of the 

material is analyzed within the cylindrical structure. The color scale at the bottom indicates the range 

of variable values (e.g., pressure or temperature) across the mesh, with the model likely being used for 

computational fluid dynamics (CFD) analysis. 

3.8 Stages Simulation Numeric Use ANSYS 

The following stages were simulated numerically using ANSYS: 

1. Data specifications 

The speed flow air in the intake manifold was 10, 20, and 30 m/s. Temperature 300°K. Pressure 

300 kPa. 

2. Formulation Solver 

Select a solver formulation to produce accurate solutions for various types of cases using the Define 

→ Models → Solver command. Then, the segregated unsteady solver formulation is selected for 

cases with incompressible and compressible fluids with low to medium fluid flow velocities (Mach 

number < 1). 

3. Determine Equality Energy 
 

Figure 14. Viscous Model 

 

Based pn Figure 14, the energy equations were activated the energy equations in FLUENT for 

simulations requiring the analysis of temperature, heat transfer, or radiation. These equations can 

be activated using the Define → Models → Energy command. 
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4. Determine Modeling Viscosity 
 

Figure 15. Species Model 

 

Based on Figure 15, viscosity modeling was performed using the k-epsilon rng by executing the 

Define → Models → Viscous command. The k-epsilon model is a fairly complete turbulence 

model with two equations that allow the turbulent velocity and length scales to be determined 

independently. 

5. Determine Model Species Transport And Reaction Chemistry 
 

Figure 16. Discrete Phase Model 

 

Based on Figure 16, species transport and chemical reaction models were defined using the Define 

→ Models → Species → Transport → Species Transport command. Then, the volumetric reaction 

for the reaction occurring in the main phase is selected. 

6. Determine Model Phase 

The phase model was defined through the command Define → Models → Discrete Phase → 

Physical Models → Droplet Breakup → Tracking → Drag Parameter → Dynamic Drag. The 

discrete phase flow model was used for bubble and droplet flows, where the discrete phase volume 

was less than or equal to 10%. 

7. Determine Type Injection (Injector) 
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Figure 17. The Accel Fuel Universal Injector 

 

Based on Figure 18, the injection type was determined by executing the command Define → 

Injections → Create → Injection Type → Pressure Swirl Atomizer → Number of Particle Streams 

= 100 → Particle Type = Droplet → Material = Gasoline. 

Product Enter the characteristics in the point properties as follows: 

• Flow rate = 0.003 kg/s 

• Vapor pressure = 3 × 105 injection bar 

• Inner diameter = 0.0002 m 

• Atomizer = 6 

For sub-turbulent dispersion, the discrete random walk model was selected. The characteristics 

of the point properties above are based on the injector brand: Accel, type: universal, mass flow: 

0.003 kg/s, pressure injection: 300000 Dad, Pressure = 3 bar, and injector orifice diameter: 0.2 

mm = 0.0002 m. 
 

Figure 18. Set Injection Properties 

 

8. Defining Characteristic Physique Material 

Define the physical properties of the material using the command Define → Materials → Material 

Type = Droplet Particle. 

9. Determine Condition Limit And Parameter On Condition Limit 

The boundary conditions and parameters in the boundary conditions were defined using the 

command Define → Boundary Condition → Velocity Inlet → Velocity Magnitude = 10 m/s, 20 

m/s, 30 m/s. 

10. Determine Condition Limit Velocity Inlet 

The inlet velocity boundary conditions were used to define the flow rate and other switch quantities 

at the flow inlet. 

11. Determine Parameter Control Solution 
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Figure 19. Solution Initialization 

 

Based on Figure 19 determine the parameter control solution through the order Solve → Control 

→ Solution. 

12. Process Iteration 
 

Figure 20. Run Calculation 

 

Based on Figure 20, the iteration process requires initialization (an initial guess) before the 

calculation is started. This initialization process can be accessed via the command Solve → 

Initialize → Initialize → Compute From = All Zones → Initialize. 

13. Do Calculation/Iteration 
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Figure 21. ANSYS Results Iteration 

 

Based on Figure 21, the settings described above in ANSYS FLUENT, an iteration or calculation 

process was then carried out, namely, the process of finding solutions to the fluid flow equations in 

the domain we had previously created. To monitor whether the simulation converged, a residual 

plot was created so that when a divergent solution occurred, it could be immediately stopped and 

repeated with new settings. This is important considering that the time required for the iteration 

process can last up to several hours or even several days for complex simulations. 

After the solution converged, the simulation data in Figure 21 were viewed in the ANSYS results 

graph for further processing. The following is a screenshot of the ANSYS results window when 

the data collection was performed. 

Process manufacturing plot distribution of pressure. 
 

Figure 22. Plot Distribution Pressure 

 

Figure 22 displays the pressure distribution within the system after the simulation converged. 

It shows how pressure varies across the geometry, providing insights into pressure gradients at 

different points within the structure. 

Process of making velocity distribution plot 
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Figure 23. Plot Pattern Distribution Speed of Streamline 

 

Figure23 illustrates the distribution of velocity throughout the system. The color-coded map helps 

to identify regions with high or low flow velocities, which is critical for understanding the fluid 

dynamics in the model. 

Pattern Plot Making Process 
 

Figure 24. Plot Pattern Streamline 

 

Figure 24 shows the streamline distribution, indicating the flow path of the fluid within the system. 

It provides a clear visualization of how the fluid moves through the geometry, allowing for an 

assessment of flow behavior and any potential flow separations or turbulence. 

 

4. Results and Discussion 
 

This study examined several variables representing the flow characteristics in the intake manifold with 

gasoline injection, including velocity and pressure contours, each of which varied according to the 

inlet velocities, namely 10 m/s, 20 m/s, and 30 m/s. This numerical study employed the ANSYS 

FLUENT software in a three-dimensional and transient simulation approach, where the changes over 

time were considered to represent actual conditions. To visualize the flow at the center region, the 

results were displayed on a 2D plane at t = 0.1 s. The flow direction occurred from left to right. The 

standard turbulence model used in ANSYS FLUENT was the RNG k-ε model because it is considered 

conservative for general fluid flow simulations and is known for its ease of convergence. 

4.1 Analysis of Convergence 

To determine whether the simulation was convergent or divergent, an indicator in the form of a residual 

plot was used. The residual plot consisted of several flow parameters, namely continuity, velocity in the 

x-direction, velocity in the y-direction, velocity in the z-direction, energy, k, ε, and the volume fraction of 

the fluid composition. The residual value indicates the accuracy of the simulation solution based on the 
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number of zeros after the decimal point. This implies that the smaller the residual value, the higher the 

likelihood that the simulation has converged. As shown in Figure 4.1, the residual plot generated from 

this simulation exhibits a decreasing trend in residual values, indicating that the simulation is converging. 
 

Figure 25. Ansys Result Convergence 

 

Based on Figure 25, there are sudden fluctuations in the residual plot owing to the transient nature of the 

simulation or changes over time. In transient simulation, every few iterations, there is a change in the 

time step that requires the iteration to be repeated at the next time step. This repeated iteration at the 

beginning of the next time step is what causes the residual plot graph to appear to increase (it has nothing 

to do with the divergent solution). Then, to ensure that the solution was truly convergent, iterations were 

performed until a solution was obtained. reach criteria convergent each parameter flow. The solution 

reaches the convergence criteria when the warning “ solution is converged ” appears on the ANSYS 

FLUENT screen. 

4.2 Distribution Contour Speed Flow Air 

The following presents the velocity distribution contours of the airflow at various inlet velocities, namely 

10 m/s, 20 m/s, and 30 m/s. 

Velocity Distribution Contour of Airflow at Inlet Velocity 10 m/s 
 

Figure 26. Distribution Contour Speed Flow Air On Speed Inlet 10 m/s 

 

Distribution of air flow velocity contours at an inlet velocity of 20 m/s 
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Figure 27. Distribution Contour Speed Flow Air On Speed Inlet 20 m/s 

 

Distribution of air flow velocity contours at inlet velocity 30 m/s 
 

Figure 28. Distribution Contour Speed Flow Air On Speed Inlet 20 m/s 

 

Figure 26, Figure 27, and Figure 28 shows that the velocity distribution contains points with relatively 

high velocities, as indicated by the central red contour. These points with the highest velocities indicated 

the location of the particles injected into the intake manifold. The image shows the event at 0.1s. The 

greater the inlet velocity, the farther the injection particles traveled from the inlet position. It can also be 

seen from the velocity contour pattern above that the velocity distribution pattern is also more even at the 

inlet velocity. low, indicating that the fuel distribution in the intake manifold was more uniform at the 

inlet speed low. The area near the wall was blue, indicating a low velocity. This is due to the boundary 

layer effect. This low velocity indicates an area with poor mixing of gasoline and air. 

4.3 Distribution Vector Speed 

To support the information presented by the velocity contour pattern, the velocity vector distribution is 

also presented so that the flow pattern can be seen more clearly, along with the direction of the velocity 

vector. The following shows the velocity vector distributions at various inlet velocities. namely 10 m/s, 

20 m/s and 30 m/s. 

The distribution vector speed on the speed inlet was 10 m/s 
 

Figure 29. Distribution Vector Speed On Speed Inlet 10 m/s 

 

Distribution of velocity vector at inlet velocity 20 m/s 
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Figure 30. Distribution Vector Speed On Speed Inlet 20 m/s 

 

Distribution of the velocity vector at the inlet velocity of 30 m/s 
 

Figure 31. Distribution Vector Speed On Speed Inlet 30 m/s 

 

Based on Figure 29, Figure 30, and Figure 31, it can be observed that there are points with very high 

velocities marked in red, whose positions are identical to those shown in the velocity contour distribution. 

Use visualization vector This, We can see pattern flow Which happen on surroundings point The injection 

particles, or areas in red, experience a vortex centered toward the particle spray area. This indicates the 

mixing of air and gasoline particles at that location. The streamlined pattern exhibited a rolling flow 

in the fuel injection area. This is advantageous in terms of the fuel-air mixing quality, but it creates 

pressure. drop or decrease in pressure, such that some of the kinetic energy is lost. Possible solutions to 

this problem are that the swirler uses a more localized method to mix fuel with air, so that the pressure 

drop does not occur over a large area. 

4.4 Distribution Contour Pressure 

One of the important parameters to consider in fluid flow analysis is the distribution of pressure patterns 

and contours in the flow. The following shows the distribution of the velocity vectors at various inlet 

velocities namely 10 m/s, 20 m/s and 30 m/s. 

The distribution contour pressure on the speed inlet was 10 m/s. 
 

Figure 32. Distribution Contour Pressure On Speed Inlet 10 m/s 

 

Pressure contour distribution at inlet velocity 20 m/s. 
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Figure 33. Distribution Contour Pressure On Speed Inlet 20 m/s 

 

The distribution contour pressure on the speed inlet was 30 m/s. 
 

Figure 34. Distribution Contour Pressure On Speed Inlet 30 m/s 

 

Based on Figure 32, Figure 33, and Figure 34, the inlet area has a higher pressure than the outlet area. 

This occurs because of the pressure drop in the system caused by friction with the intake manifold walls 

or the rolling flow pattern, which reduces the kinetic energy. The high-velocity region observed from the 

velocity contour and velocity vector above in this pressure contour can be observed to be blue, or in other 

words, it becomes very low or even negative. This occurs according to Bernoulli’s law: the higher the 

velocity, the higher the pressure. location the will the more low. As for pressure Which low the result in 

suction fluid into it, which can be observed in the velocity vector pattern that tends towards the direction 

of the particle spray. The trend in the pressure contour is identical to that of the velocity contour, namely, 

the center of the minimum pressure increasingly shifts to the left or shifts more quickly and becomes 

more evenly distributed with increasing inlet velocity. The pressure contour shows a decrease in pressure 

from the inlet. to the outlet, which strengthens the explanation of the vector plot, so that the solution 

provided is identical to the previous explanation. 

 

5. Conclusions 
 

From the numerical analysis that produced data in the form of contour and vector plots at various inlet 

velocity variations, varying output results were obtained. The settings in ANSYS FLUENT indicated the 

occurrence of areas with high speed or low pressure at certain points, namely the points where the spray 

occurred. It can be observed from the velocity distribution pattern that the point areas with high velocities 

tended to shift more rapidly as the inlet velocity increased. From the velocity distribution pattern, it 

can also be seen that the wall region has low velocities owing to the boundary layer effect. This low 

velocity indicated poor fuel-air mixing. Furthermore, the velocity vector distribution pattern supports 

the explanations above by showing the flow direction. A vortex pattern occurred around the spray point, 

indicating the mixing of fuel and air. The pressure distribution pattern indicates the same trend as the 

velocity distribution pattern, namely a relatively faster shift at higher inlet velocity inputs. The spray 

point in the pressure distribution pattern is indicated by the low-pressure area (blue), considering that 

Bernoulli’s law states that the higher the speed, the lower the pressure. 
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