TURBO Vol. 13 No. 01. 2024
Jurnal Program Studi Teknik Mesin UM Metro

p-ISSN: 2301-6663, e-ISSN: 2477-250X
URL.: http://ojs.ummetro.ac.id/index.php/turbo

Analysis of the Effect Variation of Sides Racing Bike Helmets on
Flow Characteristics Using CFD

Syamsuri®’, Zain Lillahulhaqg?, M. Mufarrichi®

L23Department Mechanical Engineering, Institut Teknologi Adhi Tama Surabaya, Indonesia
*Email: syamsuri@itats.ac.id

Abstract

The selection of materials and aerodynamic design forms needs to be considered in designing a comfortable
helmet. This research aims to determine the effect of variations in helmet models on the drag force at a certain
reynold number. The emergence of the drag force on the helmet causes a compressive force, which causes the
rider discomfort when driving at high speeds. This research was conducted on 4 variations of helmet models
consisting of 1 time-trial type helmet as a reference and 3 other helmets which were developed from the basic
model. This simulation was conducted in a 2D helmet model at Re 7.14 x 104, 1.00 x 10°, and 1.16 x 10°. In this
study, Turbulence Intensity was varied as 0.1%, 0.2%, and 1%. The results are shown through the drag
coefficient's value and visualization of streamlined flow. The results showed that the 2D simulation on the helmet
produced a lower error by using Set Up Turbulence Intensity 0.1%. The emergence of the Oscillating Karman
vortex in large size indicates the higher the drag force that occurs on the helmet. In this study, helmet type 3,
with a trailing edge and has a smooth curve, has the lowest drag force at Re 1.16 x 10° with a drag coefficient
value of around 0.38.
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Abstrak

Pemilihan bahan dan bentuk desain yang aerodinamis menjadi hal yang perlu diperhatikan dalam merancang
suatu helm yang nyaman. Munculnya gaya drag pada helm menyebabkan munculnya gaya tekan pada helm yang
menyebabkan rasa tidak nyaman pada pengendara saat melaju pada kecepatan tinggi. Penelitian ini dilakukan
pada 4 variasi model helm yang terdiri dari 1 helm tipe time-trial sebagai acuan dan 3 helm lain yang
dikembangkan dari model dasar. Penelitian ini dilakukan dengan menggunakan model helm 2D yang
disimulasikan pada pada Re 7.14 x 10% 1.00 x 10° dan 1.16 x 10°. Penelitian ini juga memvariasikan set up
Turbulence Intensity sebesar 0.1%, 0.2% dan 1%. Hasil simulasi akan di tunjukan melalui nilai koefisien drag
dan visualisasi aliran streamline. Hasil penelitian menunjukan bahwa simulasi 2D pada helm menghasilkan
eror yang rendah dengan menggan menggunakan Set Up Turbulence Intensity 0.1%. Munculnya Oscillating
Karman vortex dalam ukuran besar mengindikasikan semakin tingginya gaya drag yang terjasi pada helm. Pada
penelitian ini helm tipe 3 dengan trailing edge dan lekukan yang halus memiliki gaya drag paling rendah pada
Re 1.16 x 10°dengan nilai Koefisien drag sekitar 0.38.

Kata Kunci: cfd, koefisien hambat, helm sepeda balap, vortex

1. Introduction

Cycling is a popular sport as well
as a practical means of transportation.
Cycling has become a popular sport,
especially since the Covid-19 virus hit
Indonesia. Public interest in cycling, both
indoor and outdoor, has increased by 15%
in various countries [1]. The use of bicycles
as a mode of transportation can increase the
risk of accidents and injuries to bicycle
users. To protect themselves from possible
injuries, cyclists equip themselves with
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helmets and elbow and knee protectors.
However, currently, accidents that occur in
the use of bicycles have not become an
issue that is considered important in
Indonesia. Whereas traffic accidents while
driving are the main cause of head injuries
treated in the emergency department by
60% [2]. The percentage of cyclists'
involvement in traffic accidents is very low
compared to motor vehicles. Accidents
involving cyclists continue to increase
along with the increase in the number of
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cyclists [3]. In addition, during the COVID-
19 pandemic, an increase in cycling
enthusiasts and caused an increase in traffic
accidents involving cyclists up to 28.4%
[4]. The majority of accidents experienced
by cyclists can be caused by violating a red
light when crossing a road intersection [5],
not using a proper helmet [6], and being in
a blind spot by another vehicle when
turning over [7]. Several countries have
implemented mandatory the using of
helmet to reduce the possibility of serious
injury to cyclists [8]. The use of a helmet
can reduce the likelihood of severe head
injuries by up to 20% [9].

Helmets used by cyclists must have a
high level of comfort, light, have good air
circulation, and have the strength to
withstand external forces. The use of
composite materials as raw materials for
manufacture aims to get a helmet that is
strong and lightweight. The material
commonly used as raw material for making
helmets is  thermoplastic ~ woven
carbon/Elium (WEL) composite. The inner
support frame of the helmet is made of
Carbon/Epoxy which is not able to absorb
impact energy. When subjected to an
impact, the supporting framework layer
will break and can cause internal injuries to
the head. Helmets made of WEL material
have the advantage of being safe, able to
absorb energy, and resistant to mechanical
damage due to external forces. However,
WEL material is not able to prevent damage
to the Post-failed Carbon/Elium frame layer
which has a more ductile material structure
and does not cause severe damage when the
supporting frame layer is damaged. The use
of Post-failed Carbon/Elium as a substitute
for WEL can reduce the possibility of
critical injuries by 16.7% [10]. The
selection of the right foam material in the
helmet is also able to help absorb energy
due to impact [11]. In addition to the choice
of material used as the basic material for
making helmets, the design and shape of the
helmet greatly influence the level of safety
and aerodynamic style that occurs to the
rider. A good helmet has the right size for

the rider and is comfortable to wear. To
create comfort for the rider, the helmet must
be stable when used and not easily shaken
by the wind when the rider is traveling at
high speed [12]. Research on the shape of
the angle of attack on the helmet has been
carried out previously at angles of 0°, 10°,
20, and 30°. This research was carried out
on variations of the Reynolds number 7.14
x 10% 1.00 x 10° and 1.16 x 10° to
determine the streamline of the flow that
was formed while passing through the
helmet surface at a certain angle of attack
(AOA). The results showed that the drag
force that occurred in the fluid flow across
the helmet with AOA 30° increased. This
condition can cause discomfort for cyclists
because they get a fairly high resistance
compared to other AOA angles [13]. By
using CFD the results obtained are more
effective and  efficient than the
experimental method [13Db].

The increase in drag on the helmet
with AOA 30° is due to the appearance of
vortexes on the back of the helmet. The
reduction in drag can also be done by
cutting the trailing edge of the helmet
which is made at the back of the helmet.
Cutting the trailing edge is done to reduce
the size of the vortex that appears on the
back of the helmet. The study was
conducted at Re 7.14 x 10, 1.00 x 10° and
1.16 x 10° by varying the trailing edge cuts
at 25 mm, 75 mm and 125 mm. In general,
cutting the trailing edge of the helmet can
cause a decrease in the drag coefficient
when used at high speeds. The results
showed that a helmet with a trailing edge
cut by 75 mm produced the lowest drag
force when used at a high Reynolds
number. However, cutting the trailing edge
on the helmet is not effective at low speeds
[14]. Reducing the value of the coefficient
of fluid drag flowing on the helmet can also
be done by adding a tail flap at the back of
the helmet. The tail flap or trailing edge is
the tapered back of the helmet. The addition
of a bent tail flap with the right angle and
height can reduce the drag coefficient value
that occurs on the helmet [15].
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Experimental research was also conducted
to determine the effect of wind pressure on
oncoming cyclists. The results showed that
the front of the helmet as well as the driver's
arms and elbows were exposed to the wind
with higher pressure [16]. Research with
3D models can be used to describe a
streamlined fluid flow across cyclists with
helmets cut off from the trailing edge [17].
Helmets that have a long trailing edge do
not have a vortex when used by the rider
when the head is in a head-up position.
However, a helmet with a trailing edge
produces a vortex at the back of the rider's
neck when the rider heads down. Helmets
that have a trailing edge have a very
aerodynamic shape resembling a drop of
water. This helmet shape has a high lift
coefficient and low resistance, making it
more comfortable for cyclists to use.

Research conducted in 3D [17]
produces a streamlined image that is almost
the same as the simulation carried out in 2D
[14]. Research using 2D models produces
simulations with high accuracy in a shorter
time. This research was conducted to
simulate the streamlined shape of the fluid
flow across the helmet in terms of the top
section. This study was carried out as a
previous development describing fluid flow
across the top of the helmet ([13] & [14]).
This research was carried out using a 2D
model of the helmet's side-section which
was simulated on Reynold Number 7.14 x
10, 1.00 x 10°, and 1.16 x 10°. The shape
of the helmet that was simulated in this
study had variations on the front and this
type has never been applied in other studies.
In addition, in this study, variations of the
Turbulence Intensity set up were 0.1%,
0.2%, and 1%. The simulation results will
be shown through the value of the drag
coefficient and visualization of streamlined
flow.

2. Research Methods

This research was conducted to
determine the condition of fluid flow that
passes through the side cross-section of the
helmet. The research was conducted using

2D numerical simulation using CFD
software. The reference model used in this
study is the "GIRO advantage 2 TT" time-
trial helmet. The size of the "GIRO
advantage 2 TT" time-trial cycling helmet
simulation model is adjusted to the 2-
dimensional simulation conducted by Sims,
Bradford W. and Jenkins, Peter E in 2011
[18]. Furthermore, the shape of the helmet
is varied into 3 types as shown in figure 1.
The simulation model creation process is
carried out wusing Solidworks 2016
Premium SP1.0 x64 software.
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Figure 1. Helmet model simulated in this study

a b
Figure 2. The mesh used in the study is in position
a) the overall mesh, b) the detail of mesh on the
helmet

Table 1. Set Up Boundary Condition

No Input Parameter Information
1 Flow type External
2 Flow characteristics Unsteady, Incompressible
3 Fluid Air
4 Boundary Condition Adiabatic wall
5 Pressure 1 atm
6 Density 1,23 kg/m?
7 Velocity 8,11.2, 13 m/s
8 Turbulance intensity 0.1%, 0,2%, 1%
9 Turbulence model k-¢ turbulence model

Table 2. Results of research validation with
differences in turbulent intensity

No Study Turbulent CD Error
Intensity (%)
1 Sims dan Jenkins [18] - 0,590 -
2 Current Study Results 0.1% 0,589 0,17
0.2% 0,529 10,34
1% 0,305 4831
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The simulation process begins by
importing the model that has been made
into CFD Solidflow software for the
meshing process, determining boundary
conditions, and running. The mesh used in
this study is composed of submap mesh.
Utilization of mesh with submap type aims
to create an orderly and neat mesh structure
with the optimum number of meshes. The
shape of the mesh used is shown in Figure
2. To determine the optimum number of
meshes, the research begins with an
independent grid process. The grid
independence process is carried out by
running simulations on various variations
in the number of meshes with the same
boundary conditions. The grid
independence process was carried out at Re
1.00 x 105 with the setup boundary
conditions shown in table 1. The simulation
results were also validated using Sims and
Jenkins research [18]. The validation
process is carried out by comparing the
value of the fluid flow drag coefficient with
the research that is used as a reference to get
the error value. The values obtained in the
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grid independence process are shown in
table 2.
3. Results and Discussion

3.1 Streamline of fluid flow

The simulation of fluid flow that
flows in the model is simulated at Reynolds
number 7.14 x 10% 1.00 x 10°> and 1.16 x
10°. The simulation results show a
streamlined fluid flow that passes through
the side cross-section of the helmet. The
fluid flow contours across the simulation
model form the area of a flow vortex on the
back of the helmet. Oscillating Karman
vortex is a phenomenon in which the fluid
flow at the back of the time-trial helmet
forms a repetitive vortex pattern caused by
flow separation around the blunt-body. The
result of the freestream simulation shown in
Figure 3 is a simulation model of the
helmet's side-section which was simulated
at Reynolds number 1.00 x 10°.
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Figure 3. Streamline of fluid flow that crosses over the helmet with models a) Reference Model b) Model 1 c)
Model 3 and d) Model 4

The simulation results of the helmet
models that are examined each have a

different streamline. Helmet The time-trial
type that is used as a reference for the
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research model has the form of an
Oscillating Karman vortex on the back of
the helmet. The vortex appears near the
trailing edge of the helmet as shown in
Figure 3a. Helmet model 1 is a modified
type helmet that does not have an elongated
trailing edge. Helmet design model 1 is
more rigid and simple for the rider. The
results of the streamlined helmet 1
simulation show that the Oscillating
Karman vortex appears slightly further
from the back of the helmet. However,
helmet design 1 has a vortex on the front of
the helmet, near the temple bone. The
vortex that appears on the front is quite
strong, marked by a red streamlined line.
Helmet model 2 has a shape that is almost
similar to the time-trial type model that is
used as a reference. The helmet has a long
trailing edge but is equipped with shell
contours. The streamline shown by the
helmet simulation model 2 has an
Oscillating Karman vortex on the top of the
helmet. This vortex appears earlier than the
time-trial type helmet that is used as a
reference. The size of the vortex shown in
Figure 3c on the helmet model 2 tends to be
larger than the reference model. The helmet
type model 3 has a shape similar to the
Time trial model but with a smoother
contour at the bottom. The fluid streamline

on the model 3 helmet does not produce an
Oscillating Karman vortex on the back of
the helmet. The vortex that is formed in this
model is located at the bottom of the helmet
near the rider's ear area.
3.2. Drag Coefficient

The formation of Oscillating Karman
vortex with different sizes indicates that
there are differences in the aerodynamic
forces that are formed around the variation
of helmet models. This vortex is formed
due to the fluid flow that flows to the back
of the helmet and decreases in speed so that
it cannot overcome the shear stress that
arises on the top surface of the helmet. This
condition causes wakes to appear in areas
with lower pressure. The fluid flow will
experience backflow and form a layered
vortex called the Oscillating Karman
vortex. The area with the wake has a lower
pressure compared to the fluid pressure
around the helmet. The difference in
pressure that occurs at the top and bottom
of the helmet model will cause a drag force
on the helmet. In this study, the drag force
is shown through a dimensionless number
in the form of the Drag Coefficient (CD).
The value of the drag coefficient of each
helmet model in various variations of the
Reynold Number is shown in table 3.

Table 3. Drag coefficient of fluid flow across the Helmet Model at various Reynold numbers

No Side variations Drag Coefficient at Various Variations of Re
Re7.14x10* Rel1l.00x10° Rel.16x10°
1 Production Helmet 0,65 0,56 0,44
2 Model 1 1,11 0,62 0,59
3 Model 2 0,77 0,76 0,76
4 Model 3 0,57 0,51 0,38
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Simulation of fluid flow across the
Helmet time-trial type shows a decrease in
the drag coefficient when the fluid flows
with a high Reynold number. Conditions
for decreasing the drag coefficient were
also experienced by modified helmets 1, 2,
and 3. Helmet type 1 experienced the
highest decrease in drag coefficient when
simulated on a high Reynold Number. The
Type 1 helmet model has a greater drag
coefficient than the other models on the Re
7.14x10% Type 2 helmets experience a
slight decrease in drag coefficient when
simulated at high Reynolds numbers. This
type of helmet tends to be more stable
where the drag coefficient value is
approximately 0.77. Helmet model 3 has
the lowest drag coefficient value when it is
at Re 1.16 x 10° which is 0.38. This
condition can be explained in more detail
through the flow streamline shown in
Figure 5. The larger the size with the
Oscillating Karman vortex that appears
above the helmet, it indicates a fairly high-
pressure difference between the top and
bottom of the helmet. The difference in
pressure on the top and bottom of the
helmet causes a drag force on the vehicle.
The model 3 helmet has a very low drag
force because it is not formed by the
Oscillating Karman vortex. The fluid flow
in the model runs according to the flow
model pattern. Helmet model 2 tends to be
more stable when varied at various Reynold
numbers. This helmet tends to be good for
use in everyday conditions but still needs
development to reduce the drag force that
forms around the helmet.

4. Conclusions

The helmet design is very
influential on the aerodynamic forces
caused by the fluid flowing around it. This

research was conducted on 4 variations of
helmet models consisting of 1 time-trial
type helmet as a reference and 3 other
helmets which were developed from the
basic model. The results showed that an
Oscillating Karman vortex was formed at
the top of the helmet due to the difference
in fluid pressure on the top and bottom of
the helmet. The emergence of the
Oscillating Karman vortex in large size
indicates the higher the drag force that
occurs on the helmet. This study shows that
in general, the type 1 helmet model has a
larger drag coefficient than the other
models at Re 7.14x10% The model 2 helmet
which has a long trailing edge and shell
contour produces a stable drag force for the
helmet, but the drag coefficient value is still
quite high, around 0.77. While the type 3
helmet with a trailing edge that is not too
long and has smooth curves has the lowest
drag force at Re 1.16 x 105 with a drag
coefficient value of around 0.3
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