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Abstract: The front body design of the railway crane is flat or bluff type. The design causes a
large drag, so the railway crane requires high fuel consumption to drive. Therefore, this study
aims to modify the front body of the railway crane by applying the shape of the leading edge
to reduce drag. This research also investigates the effect of leading-edge angles on
aerodynamic characteristics. The method used is computational fluid dynamics, using the flow
simulation feature of the Solidworks research licence software. This study considered three
variations of leading edge angle (40°, 45° and 50°). The simulation results show that the larger
the leading edge angle, the lower the drag coefficient value. In addition, the simulation shows
that there is a high air pressure at the front of the railway crane with the bluff shape, while the
modified railway crane with the leading edge applied has a lower air pressure at the front.
Furthermore, the results and discussion in this article present the simulation results showing
the velocity streamline and pressure contour of each model.
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1. Introduction

Railway cranes are a type of train used to carry out railway repairs. Railway cranes
are equipped with a crane behind the cab and are classified as low-speed repair trains,
capable of speeds of up to 100 km/h. The design of the front of the railway crane is of
the flat or bluff type. This design creates a large air resistance. The large air resistance
affects the movement of the railway crane, which slows it down, causing it to consume
more power. Power is directly proportional to fuel consumption, so the more power,
the more fuel consumption.

Research has been published on the optimisation of train body design, focusing on
passenger or high-speed trains. The previous research investigated the unsteady flow
structure around Next-Generation Trains (NGT) under crosswind conditions using the
Computational Fluid Dynamics (CFD) method by modifying the front part of the NGT
(Arafat & Ishak, 2022). The drag of a high-speed train was reduced by modifying the
nose section (Cheng et al., 2018). The more aerodynamic a vehicle is, the smoother
it moves because the wind resistance is reduced (Luo et al., 2023).

Page | 65


https://issn.brin.go.id/terbit/detail/20221027581628737
https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
mailto:willyhardivernando@gmail.com
https://doi.org/10.58712/jerel.v3i2.145
https://doi.org/10.58712/jerel.v3i2.145

Copyright © Authors

Published by Researcher and Lecturer Society
This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 3, No. 2, pp. 65-72, 2024

However, no research has been reported on optimising the car body design of railway
cranes. Therefore, this study is a novelty that fills the research gap on railway cranes.
In this study, drag reduction is achieved by modifying the cabin body of the railway
crane through the application of a leading edge. The application of leading-edge for
drag reduction is generally performed on buses (Gan et al., 2020; Nath et al., 2021;
Ragavan et al., 2014), so the study focusing on railway cranes is the latest innovation.
The modification of the railway crane cabin is done because the cabin requires a large
space for the crew, considering that the rear part is a crane. This study not only
presents the drag coefficient profiles of each railway crane design with modifications
to the leading edge but also presents the airflow characteristics based on velocity
contour, velocity streamline and pressure contour.

2. Material and methods

Three methods can be used to test changes in railway car body design: wind tunnel
testing, computational fluid dynamics (CFD) and road testing (Katz, 2006). The CFD
method has advantages in terms of speed of analysis, no need for costly prototyping
and can visualise the characteristics of the fluid flow that occurs. This research uses
the CFD method to see the effect of modifying the front part of the railway crane. The
CFD method in this research uses Solidworks Research Licence 2021-2022.

2.1 Design of railway crane

The railway crane is designed to a scale of 1:25 of the actual size (Table 1). The design
of the railway crane with leading-edge variation is shown in Figure 1.

Table 1. Dimension of railway crane

Length Hight Width
Dimension railway crane 17,590.04 mm 3,660.39  2,435.95 mm
Prototipe for simulation 703.601 mm  146.42 mm 96.44 mm
(a) (b)

©) (d)

Figure 1. (a) the standard model of railway crane, (b) Leading Edge 40°, (c) Leading
Edge 45° dan (d) Leading Edge 50°
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2.2 Simulation setup

The simulation setup parameters are shown in Table 2. The computational domain
used for the railway crane simulation is shown in Figure 2. The distance between the
railway crane and the wall was set based on the height (H) of the train (Iwnicki, 2006).
The distance from the front wall boundary to the front nose of the railway crane was
2H and the distance from the rear of the railway crane to the end wall boundary was
4H. The distance between the left and right side walls of the railway crane and the left
and right side wall boundary was 1.6H. The distance between the top of the crane and
the top of the wall was 1.6H.

Table 2. Parameter state of the simulation

Analysis type External analysis

Gravity Y component: -9.81 m/s?
Default fluid Air

Initial condition - Velocity in X direction

- Velocity 1.11 m/s
- Wall: No-slip condition

Velocity Outlet

Velocity Inlet

Figure 2. Computational domain
2.3 Meshing

Based on the literature review conducted, the authors did not find any research that
discusses the results of drag tests on railway cranes, either experimentally or using
CFD methods. Research on NGT using the CFD method uses a number of cells of 1.2
million (Arafat et al., 2023; Arafat & Ishak, 2022), this number of cells is validated with
experimental research data (Sun et al., 2021). In this study, the number of cells is 1.2
million with three layers. The fluid close to the railway crane body uses fine cells, the
second layer is medium and the third grid is large (Figure 3). The use of local regions
for this mesh is commonly done in CFD studies on trains (Fragner & Deiterding, 2018;
Sun et al., 2021; Weinman et al., 2018). Some studies relevant to this CFD method
state that the finer the mesh size used, the closer the simulation results are to the
experimental results, but it increases the computational time required (Aldio et al.
2023; Salmat et al., 2023; Volk et al., 2018).
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Figure 3. Meshing

3. Results and discussion

The drag coefficients of the CFD simulation results of the four railway crane models
without a leading edge and with the application of a 40°-50° leading edge are shown
in Figure 5.
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Figure 5. Effect of the leading edge on the drag coefficient

The simulation results show that the use of the leading edge can reduce the Cd value
of the railway crane during drive. The railway crane without a leading edge has a Cd
value of 1.31. However, when a 40° leading edge is used, the Cd value drops by
9.06%. Similarly, when 45° and 50° leading edges are used, the Cd value drops by
10.68% and 13.74% respectively. These simulation results show that the larger the
leading edge angle, the lower the Cd value.

The velocity streamline visualisation of each railway crane model is shown in Figure
6. The standard crane model experiences flow separation from the top of the cab to
the rear of the cab, in the area under the railway crane and at the bottom. Meanwhile,
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the modified railway crane model experiences flow separation in the area behind the
cab, under the railway crane and at the bottom. This flow separation is a condition
where air flows along the surface of an object and can no longer adhere to the surface
of the object, resulting in a decrease in pressure distribution and a pressure difference
between the area where flow separation occurs and the other areas (Camp & Figliola,
2018; White, 2010).
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Figure 6. Velocity Streamline: (a) Standard railway crane (b) Leading Edge 40° (c)
Leading Edge 45° and (d) Leading Edge 50°

Based on the pressure contour shown in Figure 7. It can be seen that in the standard
model of the railway crane, the pressure occurs in the front part of the train which
collides directly with the air. The pressure that occurs in the standard model of the
railway crane is the highest pressure that can be seen in Figure (a), shown in red
because it has a flat and large area compared to the model of the railway crane that
is varied. On the other hand, in the modified crane model, the angle of the leading

Page | 69


https://issn.brin.go.id/terbit/detail/20221027581628737
https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/

Copyright © Authors

Published by Researcher and Lecturer Society
This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 3, No. 2, pp. 65-72, 2024

edge can reduce the pressure that occurs because the area of air impact on the
modified crane model is reduced. So with the reduced pressure that occurs, the drag
that occurs on the tow can be minimised.
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Figure 6. Pressure contour: (a) Standard railway crane (b) Leading Edge 40° (c)
Leading Edge 45° and (d) Leading Edge 50°

4. Conclusion

Based on the CFD simulation results, the Cd value of the standard railway crane is
1.31, at 40° leading edge inclination is 1.18, at 45° leading edge inclination is 1.16, at
50° leading edge inclination is 1.13. The application of varying the slope of the leading
edge angle on the standard railway crane model affects the resulting Cd value. The
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most optimal Cd value reduction is produced at a leading edge angle slope of 55°
because the resulting Cd value is the smallest compared to the others, although the
difference in the value of the resulting Cd is not much different. Flow characteristics
based on pressure contour on the standard and modified railway crane there is
stagnation at the front of the railway crane, the largest stagnation occurs on the
standard railway crane. In the modified railway crane, the stagnation that occurs is
reduced due to the modification of the leading edge tilt angle applied. Likewise, the
backflow that occurs on the railway crane is reduced due to the modification of the
leading edge tilt angle shown in the velocity streamline.
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