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Abstract: The current research examines the aerodynamic behaviour of an electric commuter rail 

vehicle moving at 100 km/h by comparing the findings of 3D simulation with manual estimations of 

dynamic pressure and velocity. Compared to manual approaches, the simulation yielded more 

accurate insights using the potential flow theory-based LISA FEA V.8 program. There was a 5% 

discrepancy between the simulation's range of 0.546 kN/m² to 4.865 kN/m² and the manually 

determined dynamic pressure of 4.633.3 kN/m². The simulation demonstrated the impact of intricate 

aerodynamic interactions, which produced a velocity of 31.66 m/s, 14% greater than the manual 

calculation at the train's front of 27.78 m/s.Furthermore, the simulation revealed an uneven velocity 

distribution contributing to drag, with the highest speeds along the sides and a low-pressure wake at 

the back. These findings highlight the need for sophisticated simulations to improve train design, 

lower drag, increase energy efficiency, and improve passenger comfort. They also show the 

limitations of simplified computations 
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INTRODUCTION  
Urban rail networks, particularly electric 

commuter trains, are essential to 

contemporary urban travel. Because these 

systems run at high speeds, efficiency and 

safety depend on understanding aerodynamic 

behaviour, particularly dynamic pressure and 

velocity. Trains travelling through the air are 

subject to several influences affecting speed, 

energy usage, and passenger comfort. 

This research examines the dynamic 

pressure and velocity characteristics of a KRL 

moving at 100 km/h. It uses a possible fluid 

flow theory-based 3D simulation with the 

LISA FEA V.8 program. The aim of this study 

is to find the dynamic pressure and velocity 

profiles at various locations on the train's 

surface, track, and surrounding atmosphere in 

order to comprehend the aerodynamic 

consequences. 

Aerodynamics is essential for safe and 

energy-efficient high-speed rail operations. 

The train's velocity and air pressure interact to 

produce dynamic forces, which may affect the 

rail car's structural integrity and stability. 

Furthermore, variations in dynamic pressure 

may result in drag, which raises energy 

consumption. Understanding these forces and 

velocities is crucial for reducing drag and 

noise and improving passenger comfort. 

The LISA FEA V. 8 software is a 

valuable tool for simulating possible fluid 

flows in three dimensions and gaining a 

thorough understanding of the aerodynamic 

behavior of high-speed trains. Potential flow 

theory, by simplifying fluid motion equations, 

provides a computationally efficient method 

of analyzing fluid behaviour around the KRL, 

particularly when the turbulent flow is not 

present. 

The distribution of dynamic pressure 

along the KRL's surface and the effect of 

velocity fluctuations on the surrounding fluid 

flow at a speed of 100 km/h are the two main 

goals of this study, which uses LISA V.8 FEA. 

Through an analysis of these variables, the 

study seeks to pinpoint important 
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aerodynamic characteristics that influence the 

train's performance, such as high-pressure 

zones that could result in drag and locations 

where variations in velocity could affect 

stability. The study also aims to shed light on 

how these fluid dynamic forces affect energy 

usage and passenger comfort, suggesting 

improving train design to lower resistance and 

boost efficiency. 

 

RESEARCH METHOD  
Three-dimensional (3D) simulations of 

possible fluid flow around a KRL at 100 km/h 

were used in the study. LISA FEA V.8 

software, which enables accurate modelling of 

fluid flow in complex geometries like a train, 

was used to conduct the simulations. The 

following are the primary steps in the research 

method: 

 

 
Figure 1. The angle of the railway rails' lying 

on the bearings 

The train body is aluminium alloy and 

has four easily accessible doors on each side. 

Its dimensions are 20,000 mm (20 m) in 

length, 2,800 mm (2.8 m) in width, and 4,145 

mm (4.145 m) in height. Its top speeds with a 

chopper system are 100 km/h (28 m/s), and a 

VVVF-IGBT system is 110 km/h (31 m/s). 

With an acceleration rate of 3.3 km/h/s and a 

standard deceleration rate of 3.7 km/h/s, 

which can climb to 4.7 km/h/s in emergency 

conditions, the train has an average weight of 

276 tons (276,000 kg). Armature Variable 

Field (AVF) Chopper Control, Chopper 

Control-Gate Turn Off (Chopper-GTO), and 

Variable Voltage Variable Frequency-

Insulated Gate Bipolar Transistor (VVVF-

IGBT) are all used in the traction 

system(Atmaja et al., 2019; Bhardawaj et al., 

2019; Dash & Majee, 2021; A. W. Efendi, 

2023a, 2023b; A. W. Efendi et al., 2022; 

Esmaeili, M Yousefian, K Nouri, 2019; 

Etemadi & Saglik, 2021; Fattah et al., 2020; 

Gharighoran et al., 2018; Hashim, 2020; 

Koohmishi & Palassi, 2020; Margiantono et 

al., 2021; Miri et al., 2021; Sayeed & Shahin, 

2018; Susanto et al., 2020; Venglár & 

Lamperová, 2021). 

 

 
 

Figure 2. Typical design of KRL 

The density of aluminium alloy typically 

ranges from roughly 25.5 kN/m³ to 27.5 

kN/m³. For aluminium alloys, Poisson's ratio 

shows the connection between axial and 

lateral strain, which is approximately 0.33. In 

addition, the modulus of elasticity, which 

expresses the material's capacity for elastic 

deformation under stress, is generally in the 

range of 70,000,000 to 80,000,000 kN/m². 

 

Configuration for Simulation 

In the simulation shown in Figure 3, the 

electric commuter train was modelled in three 
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dimensions. The train's geometry was 

produced using intricate CAD models, taking 

into account all of its main components, 

including the front nose, body, and 

undercarriage. To save computing time, the 

model was slightly simplified while keeping 

crucial aerodynamic properties. 

 
 

 

 

Figure 3. Model of single-vehicle KRL on 

LISA V.8 

The boundary conditions were 

established according to actual situations in 

which the train moves through open spaces at 

a steady speed of 100 km/h. The potential 

fluid flow method was selected because of its 

computing efficiency and ability to 

approximate aerodynamic behaviour 

accurately without taking into account 

complex turbulence, which would call for 

more advanced techniques like computational 

fluid dynamics (CFD). 

 

Fluid Flow Equations 

Potential flow simplifies the Navier-

Stokes equations by assuming an irrotational, 

inviscid fluid. Bernoulli's equation determines 

the pressure field, while the Laplace equation 

controls the potential flow, which is solved for 

velocity potential. 

The Laplace equation is satisfied by the 

velocity potential 𝜙: 

 

∇²Φ = 0 (1) 

 

From (Φ), the velocity (V) is calculated as the 

gradient of the potential: 

 

V = ∇Φ (2) 

 

Dynamic pressure (q) is then derived from 

Bernoulli's equation: 

 

q = 1/2 ρV² (3) 

 

Where ρ is the density of air and V is the local 

velocity. 

To compute the potential flow rate of air 

displaced by a train moving at 100 km/h, we 

must first figure out the area across which the 

air flows. The train's width (2.8 m) and height 

(4.145 m) define the interaction area. The 

product of these two measurements yields a 

total size of 11.622 m² (2.8 m multiplied by 

4.145 m). It is necessary to translate the train's 

speed to meters per second, which equals 

27.78 m/s (100 km/h divided by 3.6). The 

following formula can be used to get the 

potential flow rate: Flow Rate = Area × 

velocity. By changing the parameters, we can 

determine that the airflow rate is roughly 

323.09 m³/s seen in Figure 4 (Armbruster et 

al., 2019; Brunskill et al., 2020; C. Y. Li et al., 

2020; L. Li et al., 2019; Meng et al., 2019; 

Sullivan et al., 2020; Zhang et al., 2020). 

20 m 

4.145 m 2.8 m 
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Figure 4. Flow rate zone 

The potential flow rate of air around a 

train travelling at various speeds can be 

calculated by determining the cross-sectional 

area of interaction, which is 11.622 m² based 

on the train's width of 2.8 m and height of 

4.145 m. As the speed increases, the flow rate 

significantly changes: at 25 km/h, the flow 

rate is approximately 80.73 m³/s; at 50 km/h, 

it rises to 161.67 m³/s; at 75 km/h, it reaches 

242.03 m³/s; and at 100 km/h, it peaks at 

323.09 m³/s. These calculations illustrate the 

substantial volume of air displaced by the 

train's movement, highlighting the importance 

of understanding airflow dynamics to enhance 

aerodynamic efficiency, reduce drag, and 

improve overall performance in transportation 

systems. 

Table 1. Flow rate value in air based on 

object velocity 

Speed 

(km/h) 

Accelerated 

(m/s) 

Cross-

sectional 

Area (m²) 

Flow 

Rate 

(m³/s) 

25 6.94 11.622 80.73 

50 13.89 11.622 161.67 

75 20.83 11.622 242.03 

100 27.78 11.622 323.09 

 

Mesh Generation 

The computational region surrounding 

the train was discretized using a mesh to 

address the probable flow issue. The space is 

divided into small parts via the mesh 

generation step in LISA FEA V.8, where the 

potential flow equations are solved iteratively. 

To capture more precise aerodynamic effects, 

a coarser mesh was chosen farther away from 

the train and a finer mesh near the train 

surface, as shown in Figure 5. 

 
Figure 5. Mesh train modeling Boundary 

Conditions 

The inflow border was adjusted to 

coincide with the train's 100 km/h speed, or 

around 27.78 m/s. The outflow barrier was 

positioned so that, given its distance from the 

train, it would have the least artificial impact 

on the outcomes. When necessary, symmetry 

boundary conditions were used to lessen the 

computational burden. 

 

Post-Processing 

Plotting the velocity and dynamic 

pressure distributions along the train's surface 

and the surrounding air allowed for an 

analysis of the simulation findings. The train's 

nose, sides, roof, and back were exciting 

because these sections usually encountered 

the most significant aerodynamic effects. 

 

Finite element method (FEM) 

A mathematical technique called the 

finite element method (FEM) is used for 

specific evaluation issues. The restricted 

component technique combines A few 

numerical ideas to produce straight or 

nonlinear framework conditions. Over 20,000 

situations are often formed, which is a very 

high quantity. Therefore, this strategy is not 

very useful unless a good PC is employed. 

Strain (distortion), stress, temperature, 

tension, and stream rate are the outcomes of 

applying forces on a design, including stress, 

pressure, temperature stream rate, and 

severity. The idea behind a body's subsequent 

movement (twisting) is founded in the 
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properties of the stress and power structure 

itself. It is possible to trace the spread of this 

phenomenon, described as dislodging, in the 

restricted component. 

The finite element technique uses a 

component discretization method to solve the 

problem of locating relocations of vertices, 

associations, grids, and primary powers. 

Discrete component conditions are associated 

with the lattice approach for preliminary 

analysis, and the results are identical to those 

from traditional structural investigation. 

Using one-layered components (line 

components), two-layered components 

(planar components), or three-layered 

components (volume/continuum 

components), discreteness should be possible. 

This approach uses a continuous component 

to get a more precise answer (Chatterjee et al., 

n.d.; A. W. Efendi, 2020; Fadden & 

McCormick, 2014; Haddad, 2017; G. C. Li et 

al., 2018; Ngan & Bocher, 2018; Pokkula & 

Gupta, 2021; Song et al., 2017; Staat et al., 

2005; Yin & Shi, 2018). 

 

LISA FEA V.8 

LISA FEA V 8. Three distinct types of 

intensity exchangers had their temperature 

rise assessed utilizing a well-known restricted 

component testing tool. The line component, 

shell, and robust models are arranged in order 

of simplicity and ease of construction. 

For line components, LISA offers a variety of 

frequently used underlying forms; users need 

to enter the component's attributes in one 

exchange box and warm conductivity in a 

separate dialogue box. 

The convection coefficient of the 

baseplate surface is not established in stone as 

part of the worth applied elsewhere for line 

component models solely because research 

cannot prohibit convection from gathering the 

baseplate surface using the face determination 

device. It is only a mental issue. 

Incredibly straightforward to stop the 

flow from the mounting surface for the other 

two variations; we just do not utilize it. The 

volume of the entire floor component is 

regarded as the intensity source for each 

scenario, and an interior intensity generator is 

used. Use caution while applying limit 

conditions to a line component model ( 

Efendi, 2022a, 2022b, 2022c, 2022d, 2023f, 

2023d, 2023g, 2023e, 2023c, 2024c, 2024b, 

2024a; Efendi & Safitri, 2024; Efendi & Eng, 

2024; Sesana et al., 2005). 
 

RESULTS AND DISCUSSION 

Dynamic Pressure Distribution 

The dynamic pressure distribution on the 

KRL's surface was found to be non-uniform 

by the simulation. Since the train's nose is 

where air first meets the surface, there were 

the most substantial pressures. The dynamic 

pressure in this area peaked because of the 

high relative velocity between the train and 

the stagnant air. The dynamic pressure falls 

along the train's sides as the air is displaced 

and travels parallel to the surface. But again, 

there was a tiny increase in dynamic pressure 

near the train's rear, suggesting the 

establishment of a low-pressure wake zone 

that generates drag, as seen in Figure 6. 

 
Figure 6. Flow Rate 

The air density at ground level is 

typically around 0.0120 kN/m³, a value 

essential for various aerodynamics 

calculations. This density is critical when 

considering the impact of moving vehicles, 

such as trains travelling at 100 km/h. 

Understanding air density is crucial for 

accurately assessing airflow patterns and 

forces acting on vehicles. These factors 

significantly influence design decisions to 

enhance efficiency and performance in 

transportation systems, making the knowledge 

of air density a vital component in engineering 

applications related to aerodynamics and 

vehicle dynamics, as seen in Figure 7. 
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Figure 7. The density of air at ground level 

Analyzes the airflow rate that impacts a 

train car moving at 100 km/h, which comes 

out to be about 323.5 cubic meters per second. 

Based on the computed velocity, we estimated 

the dynamic pressure acting on the train car to 

be around 4633.3 N/m². The kinetic energy of 

the air particles hitting the train causes this 

dynamic pressure. It is important to remember 

that these estimates are based on an 

oversimplified model and do not consider 

intricate details like the aerodynamic form of 

the train or changes in air density. Dynamic 

pressure is one of the most important factors 

in determining the drag force the train 

experiences. 

• Air density (ρ) = 0.012 kN/m³ 

• Train velocity (V) = 27.78 m/s 

 

Calculating Dynamic Pressure: 

• q = 0.5 * 12 kg/m³ * (27.78 m/s)² = 4.6333 

kN/m² 

 
Figure 8. Dynamic pressure 

The dynamic pressure determined by the 

manual computation was 4.6333 kN/m². In the 

meantime, dynamic pressure values ranging 

from 0.546 kN/m² to 4.865 kN/m² were 

obtained from the simulation results using 

LISA V.8 FEA. When comparing the 

maximum value from the simulation (4.865 

kN/m2) with the manual analysis (4.6333 

kN/m2), the ratio of the two values is roughly 

1.05. This shows that the manually 

determined value is 5% lower than the 

simulated maximum pressure. The disparity 

between the more sophisticated modelling 

employed in finite element analysis (FEA) 

and the assumptions and simplifications made 

in manual computations can cause this 

disparity. The variance in the simulation 

results also draws attention to local pressure 

variations that can be missed by the manual 

approach, highlighting the significance of 

FEA for a more thorough examination of 

dynamic pressure distribution, as seen in  

Figure 8. 

Speed 25 km/h 

Speed 50 km/h 

Speed 75 km/h 

Speed 100 km/h 

 

 
Speed 25 km/h 

 
Speed 50 km/h 

 
Speed 75 km/h 

 
Speed 100 km/h 

Figure 9. Dynamic pressure behaviour at 

each train speed 

Dynamic pressure readings at different 

speeds (shown in Figure 9 and graph Figure 

10) Dynamic pressure is noticeably higher at 

higher speeds, showing how speed affects 

pressure. There is a clear relationship between 

speed and pressure, as the dynamic pressure 

value drops significantly with speed. Higher 

speeds usually result in a more significant 

pressure drop, but there is variation in the 

amount of pressure drop at certain speed 

intervals. This illustrates how the quadratic 

character of the dynamic pressure formula 

results in a nonlinear relationship between 

pressure and velocity. These data emphasize 

how important velocity control is for 

controlling dynamic forces in engineering 

applications. 
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Figure 10. Dynamic pressure graph at each 

train speed 

Velocity Distribution 

According to this, the velocity 

distribution was not uniform. The highest 

velocities were recorded on the train's flanks, 

where the air flows gently. These patches, 

which had velocities marginally higher than 

the train's speed, showed the acceleration of 

air particles surrounding the train's body. 

The simulation showed that the wake 

creation caused a significant decline in 

velocity near the back of the train. The 

additional drag caused by the low-velocity 

wake may affect the train's overall efficiency. 

This result emphasizes how crucial 

aerodynamic design is in the back of the train 

to minimize drag and wake production. 

 
Figure 11. Velocity distribution 

The KRL's velocity, as calculated 

manually, was 27.78 m/s (Table 1 assuming a 

KRL speed of 100 km/h). However, a 

dynamic pressure with velocities ranging from 

5.221 m/s to 46.99 kN/m² was obtained from 

the simulation using LISA V.8 FEA, with a 

velocity of 31.66 m/s recorded at the front of 

the KRL. The ratio is roughly 1.14 when 

comparing the simulation's velocity of 31.66 

m/s to the manual analysis result of 27.78 m/s. 

This suggests that perhaps as a result of 

localized effects and aerodynamic 

considerations in the simulation, the simulated 

velocity is 14% greater than the manually 

determined velocity, as seen in Figure 11. 

Speed 25 km/h 

Speed 50 km/h 

Speed 75 km/h 

Speed 100 km/h 

 
Speed 25 km/h 

 
Speed 50 km/h 

 
Speed 75 km/h 

 
Speed 100 km/h 

Figure 12. Velocity distribution behavior at 

each train speed 

The velocity magnitude begins at a 

higher value of 56 for a 100 km/h speed and 

steadily drops to about 14.15. A similar 

pattern is shown for 75 km/h, with the velocity 

magnitude starting at 14.42 and gradually 

declining to about 8.5. The velocity 

magnitude starts at about 6.4 and tapers off to 

about 4.06 when the speed drops to 50 km/h. 

Finally, the velocity magnitude decreases 

even further at 25 km/h, falling from about 

11.13 to 4. 

Given that speed and velocity magnitude 

have an inverse connection, the general trend 

shows that the velocity magnitude decreases 

proportionately as speed decreases, as shown 

in Figure 12 and Graph Figure 13. 

Figure 13. Velocity distribution graph at each 

train speed 

 

CONCLUSION  
The analysis of the velocity distribution 

and dynamic pressure on a KRL moving at 

100 km/h provides crucial information about 

the aerodynamic performance of high-speed 

trains. The results of the 3D potential flow 

simulation using LISA FEA V.8 identified the 

important places where pressure and velocity 

fluctuations are most significant. 

The KRL (Commuter Line) train's 

surface has a non-uniform dynamic pressure 

distribution, with the maximum pressure at the 

train's nose because of the high relative 



 

 
IJCEE Vol.10 No.2 December 2024, Page 1-12    ISSN 2598-2931 
 

8 

 

velocity between the train and the stagnant air. 

The dynamic pressure drops as the air passes 

along the train's sides, but it slightly rises close 

to the back, suggesting the creation of a low-

pressure wake zone that adds to drag. Ground-

level air density, usually about 0.012 kN/m³, 

performs a significant role in aerodynamic 

calculations by affecting airflow patterns and 

the forces exerted on moving objects, such as 

trains. It is essential to comprehend these 

factors in order to maximize the performance 

and design of transportation networks. 

Considering simplified models, the 

dynamic pressure was calculated to be 4633.3 

N/m² while examining the airflow rate 

surrounding a train travelling at 100 km/h. 

However, dynamic pressures ranging from 

0.546 to 4.865 kN/m² were revealed by 

simulations using LISA V.8 FEA. The limits 

of simplified manual calculations in 

comparison to more complicated finite 

element analysis (FEA) are shown by the 5% 

discrepancy between the manually calculated 

value and the maximum pressure in the 

simulation. Considering local pressure 

differences, the simulations offer a more 

accurate picture, highlighting the importance 

of sophisticated modelling for in-depth 

aerodynamic investigation. 

Furthermore, there is an uneven velocity 

distribution around the train, with the 

maximum velocities found close to the sides 

where air flows more quickly and a steep 

velocity drop in the back because of the wake. 

The train's efficiency is decreased by this 

wake, which also increases drag. Further 

illustrating the influence of aerodynamic 

elements not adequately represented in 

simplified models, the simulation recorded a 

train velocity of 31.66 m/s at the nose, which 

was 14% higher than the manually computed 

27.78 m/s. As speed is decreased, the velocity 

magnitude reduces proportionately, 

highlighting the significance of aerodynamic 

design in reducing drag and enhancing overall 

performance at different speeds. 
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