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Resum 

 
L'objectiu bàsic del treball és estudiar l'aerodinàmica al voltant de 4 cascs de 
moto. No obstant, per entendre bé els resultats cal abans conèixer conceptes 
previs. 
 
Primer es troba una introducció als cascs de moto explicant la seva 
funcionalitat. Seguidament es fa una introducció a les equacions de Navier-
Stokes que descriuen el comportament dels fluids remarcant aquells aspectes 
més relacionats amb les simulacions realitzades per aquest treball. A 
continuació s'explica com es tracten aquestes equacions per aconseguir bones 
aproximacions amb mètodes computacionals. 
 
Abans de comentar els resultats, es fa una descripció per cadascun dels cascs 
de moto. Aquesta descripció incideix en les propietats més característiques 
dels cascs relacionades amb l'estudi aerodinàmic, com per exemple la forma 
geomètrica bàsica o la situació d'alerons. Finalment es mostren els resultats 
de les simulacions amb comentaris sobre les particularitats de cada simulació. 
 
A l'apartat de conclusions es comparen els resultats de les simulacions dels 
els diferents cascs. També es donen les pautes per la futura continuació del 
treball. 
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Overview 
 

 
The main objective of this paper is the study of the aerodynamics around 4 
motorbike helmets. However, to understand the results correctly it's necessary 
to know previous concepts. 
 
First of all an introduction to the motorbike helmet and its funtionality is found. 
Straight on there's an approach to the Navier-Stokes equations that describe 
the fluid behavior remarking those aspects more related with the simulations 
performed in this project. Next how these equations are treated to achieve 
good approximations with computational methods is explained. 
 
Before commenting the results, there's a description for every motorbike 
helmet. This description is focused on the most characteristic properties of the 
helmets related with the aerodynamic study, the basic geometrical shape or the 
location of the ailerons for instance. Finally the simulation results are shown 
with comments about the particularities of every simulation. 
 
In the conclusion section results of the simulations of the different helmets are 
compared. Also the guidelines for the future continuation of the work are given. 
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INTRODUCTION 
 
When this project was first thought, the objective was to make a comparative 
study between different helmet types. At the beginning, the one who's writing 
thought it would be easy to find CAD files with models of motorbike helmets 
since everyone can find a CAD version of almost everything (from a pencil to 
the Sagrada Familia just to show 2 examples). Nevertheless, only one 
motorbike helmet was found, the helmet number 1. Other 3 helmets chosen for 
their different characteristics were modeled using a 3D editor, called Blender. 
 
Solved this first problem, after weeks of work, the files were exported to be 
treated with GiD. Models were too complex to give good results and several 
versions of the geometry were prepared. Finally, when the geometry was as 
optimized as possible, the problems were run with Tdyn. With the objective of 
making easy to the reader the understanding of the experiments the following 
chapters have been considered necessary. 
 
Chapter 1: Motorbike helmet 
Firstly, the reader will find an introduction with general concepts about the 
motorbike helmet. The explanation of why helmet aerodynamics using 
Computational Fluid Dynamics are studied is given. 
 
Chapter 2: Theoretical basics 
This section is a quick view of the Navier-Stokes equations that are used by the 
program but in the continuous domain. Next, considerations about the boundary 
and the turbulence are also added. These considerations are necessary to 
understand how aerodynamic problems are raised. 
 
Chapter 3: The finite element method 
The objective of this chapter is to give to the reader an overview of the finite 
element method and particularly an approach to how Tdyn works. First the 
importance of discretisation is discussed. After that, the solving method is 
presented. Tdyn uses the Newton-Raphson method that is introduced first 
theoretically. Next, how Tdyn uses this method is explained. 
 
Chapter 4: Results 
The aerodynamic tests made over the helmets geometry are commented. First 
the helmets are analyzed taking special attention to the characteristics that will 
cause, predictably, effect on the incoming flow. After that, the results are 
studied with the help of figures. 
 
Chapter 5: Conclusions 
From the results, a brief comparative study between the different helmets is 
written. Other generic observations discovered along the study of this project 
the author has found interesting are also reported in this section. Finally 
comments about the possible future continuation of the paper are presented. 
 
Since this project tests have been performed with a computer it has no 
environmental effects. 
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CHAPTER 1. MOTORBIKE HELMET 

 

1.1. General concepts 

 
Since the development of the motorcycle helmet started, in the 1930's thanks to 
neurosurgeon Hugh Cairns, the main goal has  always been the safety of the 
motorbike riders. Several designs were invented to minimize head injuries. 
  
Nowadays helmets have 2 main layers of different composition to optimize 
safety. An outer shell, made of fiber composites, and the impact-absorbing liner, 
made of polystyrene. Both layers absorb kinetic energy decelerating 
progressively the head and reducing the impact shock. It may seem a thicker 
helmet will always be safer than a thinner one. Problems that will cause 
damage in the neck and in the back of the rider after a crash limit the thickness 
of the helmet to 2-5 cm. 
 
 

 
 

Fig. 1.1 Parts of a full-face helmet 
 

Many states have laws that make the motorbike helmet compulsory, they also 
require to fulfil standards defined by the own country (excepting in European 
states where a single standard is used). This standards don't talk about the 
shape or the size of the helmet, they specify the tests that the helmet must 
pass, all of them related with safety. And this is the reason because there are 
no two identical designs. 
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1.2. Motorbike helmet aerodynamics 

 
After decades of investigation all the studies prove the full-face helmet is the 
safest motorbike helmet. The full-face helmet covers the entire head and 
aerodynamics of the helmet is something that manufacturers study. The helmet 
is exposed to air that comes with a certain velocity that can be high and 
aerodynamic forces can be felt by the rider. The increase in the drag of the 
whole motorbike related with fuel consumption is not the main worry. When 
wind blows against the frontal part of the helmet an extra-pressure on the pilot's 
face can disturb the rider even forcing him to change his or her way to ride 
losing the natural position. It doesn't make sense that something that was 
designed to improve the safety could make the rider lose the concentration. 
 
Manufacturers and also private laboratories perform wind-tunnel tests but for 
different purposes. Manufacturers optimize the helmet design that is already 
safe studying the aerodynamics. And some specialized magazines pay the 
laboratories to make comparatives about motorbike helmets. 
 
 

 
 

Fig. 1.2 Wind-tunnel test of a motorbike helmet 
 

Wind-tunnel tests are really expensive. First they need expensive 
infrastructures and several people working on them. The model has to be 
physically built to carry out the experiment and very few information is known 
with a single test. The new tendency of using the computer simulations based 
on Computational Fluid Dynamics (CFD) as a more efficient alternative can 
improve the method of development of helmets. It's something that can improve 
the motorbike safety since the manufacturers can perform more tests in less 
time with less cost. 
 
However, CFD is a method in continuous development. Something relatively 
new that has to be understood as a useful tool. The scientific community is still 
trying to understand nature's simplicity to solve fluid mechanics problems. Every 
field related with computational simulations, not only aerodynamics, has to 
ensure the reliability of the results with the methods that have proved to be 
trustworthy. 
 



4  Helmet aerodynamics numerical analysis 

  

CHAPTER 2. THEORETICAL BASICS 

 

2.1. Governing equations 

 
 

2.1.1. Introduction 

 
The theoretical aerodynamics are based on the Navier-Stokes equations. The 
Navier-Stokes equations describe the motion of fluid substances without phase 
change. These equations are based on the continuity equation associated with 
the conservation of mass, momentum and energy. Some mathematics will be 
helpful to understand the physical meaning of the terms of the equation. 

 
 

2.1.2. Continuity equation 

 
First of all, let's take a look to the expression of the conservation of mass. In 
fluid dynamics the continuity equation is based on the idea the mass entering in 
the system is equal to the mass leaving the system at steady state. It can be 
written: 
 
 

  (2.1) 

 
 

Where  is the density and V is the fluid velocity. /t is the time rate of change 
of the density at a fixed point and  is the divergence of the velocity field, 

it's the time rate of change of the volume of a moving fluid element: 
 
 

  (2.2) 

 
 
u, v and w are the cartesian components of the velocity in x, y and z direction 
respectively. 
 
 

2.1.3. Momentum equation 

 

Starting from new, if we apply the conservation to the momentum, written V, 
then: 
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  (2.3) 

 
 

Q appears because we have to consider now sources and sinks of momentum 
per volume in the fluid. If we decompose the first and second term, then: 
 
 

 (2.4)

(m·n)' = m'·n + m·n'
 (2.5) 

 
 

Rewriting the whole formula: 
 
 

  (2.6) 

 
 
After a single step of manipulation we find again the mass continuity equation, 
and we know it equals zero at steady state: 
 
 

  (2.7) 

 
mass conservation expression 
 

 
Eliminating the leftmost term: 
 
 

  (2.8) 





V/t is the time rate of change of the fluid velocity at a fixed point, it is called 
the local derivative.  
 

 is the time rate of change due to the movement of the fluid, it's the 

convective derivative.  
 
The sum of both derivatives, written DV/Dt, is the time rate of change of the 
velocity of a fluid element as it travels through a flow field, it's the total change 
of the velocity from one point to another one. The name for this last expression 
is substantial derivative. 
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Although both expressions express the same, the equation (2.8) can be made 
short: 
 
 
  (2.9) 

 
 

2.1.4. Energy conservation 

 
Now it's time to study the generic term Q. The energy conservation equation 
says the energy of the flow is preserved if there are not external energy 
interchange with the exterior of the system. So the term Q describes the 
transformation of the energy due to surface and other body forces. Surface 
forces are produced by static pressure and shear stresses that appear by 
friction of the fluid touching particles with different velocity. Body forces are 
forces that are caused by external phenomena like gravitational or electrical 
fields. If we move the Q to the right on the previous equation, we want to know 
the equivalent of -Q, which is: 
 
 
  (2.10) 

 
 

Where f are the body forces that affect the flow field and ij is the matrix: 
 
 

                                                      (2.11) 

 
 

where  are normal stresses and  are shear stresses. This can be changed to 
isolate the effect of the changing pressure adding and subtracting the pressure 
multiplied by the identity matrix: 
 
 

  

(2.12) 

 
 
It implies: 
 
 
  (2.13) 
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Sij is the stress deviator sensor, a correction for the stress matrix that has to be 
applied in fluid dynamics because the effects of the pressure has to be taken 
into account apart. Finally the resulting equation is: 
 
 

  (2.14) 

 
mass conservation expression 

 
 
For stationary flow: 
 
 

  (2.15) 

 
 

that can be transformed into another form if  goes to the right: 
 

 

  (2.16)





The effect of the stresses divided by  can also be found easier through the 

expression , that is equivalent to 

 

. The  is the cinematic velocity 

related with the viscosity: 
 
 

  (2.17) 

 
 

The expression  is the laplacian of the velocity: 

 
 


 (2.18) 

 
 

The Navier-Stokes equation after all the transformations is: 
 

 

  (2.19)
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The total change of the velocity through the flow field (DV/Dt) depends on the 
effects of the viscosity ( ), the effects of the changing pressure ( ) 

and the effect of the body forces (f/). 
 
To make useful the expression to solve the system of equations we decompose 
the momentum equation: 
 
 

  (2.20)

  (2.21) 

  (2.22)





Remember we've also seen the continuity equation (2.1).These equations will 
help us finding the local derivative of the density and the substantial derivatives 
of the velocities. With this time rates of change we'll compute the values of the 
unknown variables. 
 
 

2.1.5. Some additional considerations 

 
But a final step is still missing, we have 4 equations and 5 unknown variables: 

, p, u, v, w. To relate the density and the pressure the equation of the perfect 
gas is totally correct for air at ground level with environmental temperature: 
 
 
  (2.23) 

 
 
Now the term T, which means temperature, drives us to the same situation, we 
have more unknown variables than equations. The explanation of the 
conservation of energy when the meaning of the term Q was discussed is 
insufficient for other kind of problems. The change on the internal energy of the 
flow particles should be considered in other simulations. However, throughout 
the whole paper we always have in mind a motorbike helmet in the open air 
moving at velocities with Mach number about 0.1. The change on the air 
temperature will be totally negligible. 
 
 

2.2. Boundary conditions 

 
These equations describe the evolution of a flow and it's necessary to introduce 
the boundary conditions to define the experiment. The boundary conditions 
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have to be understood correctly to carry out the problem we have in mind. 
Boundary conditions limit the flow to move along a region and determine some 
properties in these frontiers. Boundary conditions are linked with the initial data 
which is also necessary. The initial information is defined when we determinate 
the properties of the flow at any point inside the region where the flow moves at 
the instant the problem begins. 
 
Boundary conditions and initial data will let us define perturbations. What makes 
interesting fluid dynamics is the study of the flow field in front of a perturbation, 
something that breaks the equilibrium and change the tendency of particles to 
move in the same direction with the same velocity. The perturbation can be 
caused by mixing of flows or by energy entering in the region of the flow for 
instance.  
 
However in this paper the important effect is the presence of the solid helmet 
that forces the flow to surround it. To know the flow behavior when it moves 
over a body we have to consider this body. The body is solid and as a 
consequence it doesn't mix with the fluid. The flow cannot exceed the walls 
defined by the helmet. For simplicity, in these problems, it's used a reference 
system where the body remains in a certain position and the flow moves against 
the volume of the body. 
 
The boundary conditions when a flow slips over a solid body change depending 
on the properties of the flow. If the fluid is supposed to be inviscid, that is we 
consider no friction between the flow and the solid body, the only condition that 
will be applied is that the perpendicular velocity at the wall would be zero. The 
flow will slip over the surface with a certain velocity but won't enter inside the 
region defined by the body. On the other hand, for viscous flow if the body 
particles remain at rest then the fluid particles that are touching the surface of 
the body have also zero velocity. 
 
 

2.3. Turbulence 

 
A turbulent air has a chaotic behavior. The movement is stochastic because the 
properties of the flow when it becomes turbulent doesn't let us know how the 
fluid will move, the behavior is non-deterministic. For this reason some special 
considerations in the regions with turbulent flow should be taken into account. 
 
First of all it's important to understand we don't really know much about 
turbulence. We cannot predict or simulate how turbulent flow will behave. But 
the few things scientists and engineers know are used in simulations. 
 
Turbulence is caused by big wind shear. Wind shear is the gradient of the flow 
velocity related with distance. For example, we know the flow velocity at a 
certain point and we know the velocity is accelerated constantly until it arrives to 
a velocity 5m/s faster when we move 1 meter in a direction perpendicular to the 
velocity. Then we'll say the wind shear is 5m/s per meter. See Figure 2.1: 
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Fig. 2.1 Wind shear 
 

An excessive wind shear produces vortexes when the wind shear is high 
enough to force the air to move chaotic. The viscosity of the air presents an 
inertia to be accelerated and the air starts to move arbitrarily. 
 
Generally turbulence generates loss of energy. Where the flow is turbulent the 
kinetic energy is needed to revolve stream lines around themselves captured 
inside eddies. 
 
Several methods are used to know under which conditions and where the flow 
will become turbulent. The models are classified as follows: 

- Algebraic turbulence: flow variables are used to know if the flow is turbulent 
or not. 
- One equation models: a turbulent transport equation that describes the 
kinetic energy has to be solved, relative length of the turbulent region is 
found. 
- Two equation models: a second equation that describes the dissipation is 
added, this additional information gives information about the turbulence 
intensity. 
- Large eddy simulation (LES): equations find the behavior of large eddies 
that are the ones related with the geometry, in the regions of turbulent flow a 
subgrid is used to approximate small eddies. 
- Reynolds-averaged Navier-Stokes (RANS): basically these equations are 
the Navier-Stokes equations modified to obtain data in the turbulent region. 
- Detached eddy simulation: it uses LES in the free regions of the flow field 
and the RANS method near the walls where the LES model is more inexact. 
- Direct numerical simulation: Navier-Stokes equations are solved without 
any turbulent model. The application is limited to very few problems and the 
computational cost is very expensive. 

 
For the motorbike helmet simulations the model used to get information in the 
turbulent flow regions is the Smagorinsky model. The Smagorinsky model is a 
LES method. 
 
The shear stress over the element i,j in the turbulent region is found with the 
equation: 
 
 

y (m) 

vx 

vx+5 

0 

1 
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  (2.24) 

 
 
where Cs is the Smagorinsky constant, a number between 0.1 and 0.2,  
 
 

  (2.25) 

 
 
, Sij is the stress deviator sensor, and  
 
 

  (2.26) 

 
 
The eddy viscosity is a parameter used to calculate the additional drag due to 
turbulence. For the Smagorinsky model it's found through equation: 
 
 

  (2.27) 

 
 
To compute the efficient viscosity, the viscosity that should be applied in that 
region is: 
 
 
  (2.28) 
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CHAPTER 3. THE FINITE ELEMENT METHOD 

 

3.1. Introduction 

 
Navier-Stokes equations are non-linear which makes very hard to solve the 
problems that they describe. They are also differential equations, it means they 
give information about the rates of change of the flow properties. They don't 
describe directly the evolution in position of every particle or the variables of the 
flow. These characteristics make hard to work on aerodynamic problems. A 
solution to easily obtain good results is the Finite Element Method (FEM). 
 
 

3.2. Finite elements 

 

3.2.1. Introduction 

 
FEM discretises the model to work with simpler problems. The way to discretise 
is to divide the region of study into smaller parts, called finite elements. Inside 
the finite elements the main variables are interpolated between discrete points. 
The interpolation is a function of the values of the flow properties at these 
discrete points called nodes. The nodes are determined by the finite element 
vertexes. 
 
The process of discretising the space with elements is called meshing because 
the set of elements is called mesh. To show some examples, it means that in 
problems with only one dimension the line will be divided into segments. For 
two dimensions the surface will be divided into smaller areas. While for 3D 
problems the region will be divided into elements with a certain volume. 
 
 

3.2.2. Interpolation 

 
As said before, it's hard to work with partial differential equations. Losing 
reliability we can approximate the partial equation for a linear equation. We'll 
study the interpolation with the example of the girder, the easiest and most 
typical case. 
 
Imagine a straight line that represents a girder and it is discretised but only with 
one element. The extremes of the girder are the nodes (1 and 2). We know the 
initial dimensions, that is the initial positions of the nodes (x1 and x2), and we 
want to know the displacements (u1 and u2). 
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Fig. 3.1 Interpolation of the girder 
 

N1 and N2 are the polynomial interpolation functions, linear approximations for 
this case, and they are necessary to find the displacements u: 
 
 

   (3.1) 
 
 
Ni is one in the node i and zero elsewhere. We know they are lines: 
 
 
  (3.2) 

 
 
We find a0 and a1 from the system of equations: 
 
 
  (3.3) 

  (3.4) 

 
 
To isolate a1 we transform the system of equations: 
 
 
  (3.5) 

  (3.6) 

 
  (3.7) 

 

  (3.8) 

 
 
 

1 2 

N1 N2 
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The same process is repeated to find a0: 
 
 

  (3.9) 

  (3.10) 

 

  (3.11) 

 

  (3.12) 

 
 
Now we know a1 and a0 expressions we introduce the values inside (3.2): 
 
 

  (3.13) 

 

  (3.14) 

 
 
From the equation (3.1) now we know: 
 
 
  (3.15) 

  (3.16) 

 
 
With this linear approximations we are finding results with errors and we may 
find invalid results. The main idea is that for small dimension elements and 
small step increments the approximations of the partial differential equations 
we'll obtain results with small errors. 
 
 

3.2.3. Jacobian matrix 

 
For this section we'll use tetrahedron elements that are used by Tdyn to mesh 
tridimensional volumes. What is going to be explained can be understood as 
easy as if we were studying one-dimensional elements. 
 
When we are working with tetrahedrons we would like to work only with 
elements like the one shown in Figure 3.5. We'll see later the function N has to 
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be integrated along the  domain. The  domain is defined by cartesian 
coordinates and we are forced to use N=N(x,y,z). 
 
 

 
 

Fig. 3.2 Tetrahedron supported in the cartesian axes 
 
But tetrahedrons are generally in a different configuration. They can be turned 
around any or all the axes. The three edges taken as a reference don't have to 
be perpendicular. For some problems the edges could even be curved. 
 
To know how unknown variables change along the element we design a 
tridimensional reference system adapted to the element: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.3 Reference system adapted to the tetrahedron 
 

Before the calculation process, we'll convert the tetrahedron shown in Figure 
3.6 into the one shown in Figure 3.5. When the element is transformed the rates 
of change will be a function of the cartesian elements. Realize the more similar 
the two tetrahedrons are the better results we'll get. It implies elements with 
sharp angles have a low quality and will give bad results. 
 
To convert the coordinates of the nodes into the cartesian system we apply the 
chain rule to a function f that describes the different edges of the tetrahedron: 
 
                             
                                                                                                                      (3.17) 

 

 

 

 



16  Helmet aerodynamics numerical analysis 

  

After the calculation the found rates of change are reconverted into the initial 
tetrahedron reference system:  
 
 
                                                                                (3.18)
  
 
 
The matrix J is called Jacobian and it converts automatically the reference 
system just with this product of matrixes. We have functions of interpolation in 
the cartesian reference system and we obtain another functions of interpolation 
to apply to find the unknown variables in the actual element. 
 
 

3.3. Solving method 

 

3.3.1. Discretisation of the governing equations 

 
When the problem is discretised, the continuous region becomes a matrix of 
nodes. The computer will compute the flow properties in the nodes, the points 
were the elements are joined. Let's see how the computer finds the unknown 
variables. In our problems the main variables that will help us to find the rest of 
unknown data are velocity and pressure. We've already seen how the elements 
are interpolated, we have: 
 
 
  (3.19) 

  (3.20) 

 
 
For simplicity, we'll talk only about the x component of the velocity (u) in this 
explanation. We'll not treat directly the unknown variables like in chapter 2, we'll 
work with matrixes and arrays. So although the array a will contain velocities 
this array is called au to avoid confusion. 
 
In the previous chapter a development of the conservation equations let us 
finding the continuous Navier-Stokes equations. Now a different reasoning will 
be followed to get discrete governing equations. New terms will appear and the 
notation could seem strange for someone non used to the matrixes used in the 
FEM discretisations. The understanding of all the physical meaning of the 
matrixes is complicated and it requires time and effort. The objective of the 
following algebraic development is to give an idea of which form of the 
governing equations the program needs. The addition of some terms won't be 
totally well justified. If the reader is interested in a better understanding of the 
FEM discretisation he or she can use the references given at the end of the 
paper (see [2] and [3]). We start from the expression: 
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  (3.21) 
 
 

That expression is valid for the  domain, the flow field. L is only a matrix of 
deformations that convert the stresses matrix σ to make possible the 
calculation. This expression means the tensions in the flow must equal the 
inertial forces represented by b: 
 
 
  (3.22) 
 
 
, where 
 
 
  (3.23) 
 
 
As this development of the formulae was thought for the FEM, we take another 
primary equation for the boundary conditions: 
 
 
  (3.24) 
 
 

This expression is valid for the boundary . G is again a matrix of deformations 
that converts the boundary stresses. The term t are the forces per unit of 
surface exerted over the system. 
 

We introduce another term, the velocity of deformation : 
 
 
  (3.25) 
 
 
and as a consequence: 
 
 
  (3.26) 
 
 

u are the virtual velocities, the velocities taken as a reference. The main 
equations (3.21) and (3.24) are joined in a single equality: 
 
 
  (3.27) 
 
 
From now on a change of notation will be used: 
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  (3.28) 

 
  (3.29) 

 
 
Equation 3.27 becomes: 
 
 
  (3.30) 
 
 
Converted into a matrix notation, separating terms: 
 

  (3.31) 

 
And the matrixes coefficients are given by: 
 
 
  (3.32) 
 
  (3.33) 
 
  (3.34) 
 
  (3.35) 
 
  (3.36) 
 
 
D' is the viscosity matrix, that is a diagonal matrix multiplied by the viscosity 
coefficient. m is an array that corrects matrixes elements to make the 
calculation possible. 
 
The justification is not immediate but from the continuity equation we can get 
another expression: 
 
 
  (3.37) 

 
The whole system of equations can be joined in a single expression: 
 
 

  (3.38) 
 
 
For a problem like the problems analyzed later were thousands of elements are 
considered the huge matrixes can seem overwhelming. But the problem can be 
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solved. We just have to realize that for every node 2 equations are considered, 
(3.31) and (3.37), and they are sufficient to know au and ap. 
 
For CFD problems FEM have 2 phases. First a relation between the flow and 
the change of its properties across a single element is found. After that, the set 
of elements are joined by their nodes applying the continuity criteria. 
 
So the computer generates an array with n elements where n is the number of 
elements. And every element has 4 nodes, since the program used for the 
problems like most CFD solvers generate elements with tetrahedron shape. 
And every node is composed by an array with information of flow properties and 
derivatives. 
 
 

3.3.2. Newton-Raphson method 

 

3.3.2.1. Theory of Newton-Raphson 

 
So we've seen a qualitative explanation of how the program solves the problem. 
The most significant mathematics used by the program are going to be 
explained in this section. Tdyn uses the Newton-Raphson method to find new 
information about the evolution of the flow while correcting the first data to get 
better results while getting nearer to the exact solution.  
 
This method is used because it finds the roots of any function approximating the 
function by tangent lines, only using the derivative at certain points. Let's look 
an easy example, consider the function f(x) in Figure 3.5 which is continuous 
and differentiable. 
 
 
 
 
 

 
 
 
 
 
 

Fig. 3.4 Approximation of a point with a derivative 
 
We want to know the value of a, which is the root of the function. The problem is 
we know the function but we cannot find the root isolating x, imagine 
f(x)=x3+2x2-5 for instance. But we know the point a is near point a0. We get the 
derivative of the function and suppose the function follows a linear profile in this 
region. Now we can find where the line passes by zero. The approximation was 
apparently bad, but realize now we know the point a is near point a1 and a1 is 
much closer to a than a0. 

x 

y a a0 a1 

f(x
) 
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Now we are in a similar situation when we started but nearer to the exact 
solution. We can repeat the same process. In Figure 3.6 the same 
approximation is drawn but from a1 this time. 
 
 
 

 
 
 
 
 

 
 

Fig. 3.5 Second approximation with the derivative 
 
Note we can repeat the same process over again, the formula that gives these 
values of an is found quickly: 
 
 

  (3.39) 

 
 
and f(an+1) equals 0, it disappears: 
 
 
  (3.40) 

 
 
Returning to the example f(x)=x3+2x2-5 we can find the root with few iterations. 
We begin by a0=1 since f(1)= -2: 
 
 a1=1.285714286 
 a2=1.23755288 
 a3=1.242389347 
 a4=1.241841365 
 a5=1.241902755 
 a6=1.241895869 
 a7=1.241896641 
 a8=1.241896554 
 a9=1.241896564 
 a10=1.241896563 
 a11=1.241896563 
 
After the third step we have an error smaller than 0.0001. And notice a10=a11, 
the correction applied is smaller than the precision of the calculator used for the 
exercise. This is something that determines how good are the results. Tdyn lets 
us know when the correction is smaller than the resolution of the data saved. 
When the computer finds the best precision it can get, this calculation is 

x 
f(x) a a1 a2 
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converged. When a step is converged we know the result is the best we can 
find. 
 
It's also important to get closer to the exact solution, the iterations could diverge 
if we don't study a region of the function with the same tendency. If we are 
around an inflection point but not close enough to the root the Newton-Raphson 
method won't give us better results. See Figure 3.6: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.6 Divergence far from the solution 
 
 

3.3.2.2. Application of Newton-Raphson 

 
The final question is how this kind of iterations are related with the governing 
equations. Tdyn uses this method to advance in time. Firstly Tdyn finds 5 
functions for the 5 unknown properties at one node. It gets the previous value 
one time step before. One of these flow properties is introduced in one of the 
functions. After applying the Newton-Raphson method one time the flow 
properties are more similar to the actual properties. The method can be 
repeated as many times as the user specifies. 
 
Probably it will be better understood with an example. The author doesn't know  
how the program uses the equations and how variables are ordered. The 
objective of the following explanation is to give an overview of the method used 
by the program. The following cannot be understood as an exact description of 
the program algorithms. Continuous equations that give a better understanding 
of the physics will be taken. In this example the situation at one node one time 
step after is studied. Let's assume Tdyn gets first the equation (2.20) and it is 
transformed into equation (3.41): 
 
 
  (3.41)

 
 
The substantial derivative has been substituted by the local derivative because 
we are at the same position, terms depending on the changes in the properties 

x 

y 

a 
f(x
) a0 
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when we move from one point to another one are null. With the information in 
the instant before of the nodes linked to the studied node we can compute the 
other terms. 
 

We find u/t and suppose it doesn't change in one time step. We find the new 
u. We repeat the same process for the velocities v and w. With this values new 

 is also found using the continuity equation (2.1). Using the perfect gas 
equation (2.23) we get a new p. 
 

Realize we've found u/t with different  and p values, so we compute u/t 

again this time with the new values of  and p. The same for the other 
components of the velocity. We use the velocity to find better approximations of 

 and p. We are using the same process iterating to get better results. Notice 
we are actually using the Newton-Raphson method. The calculation is a bit 
more complex than when we were studying the case f(x) though, we are dealing 
with: 
 

u = u(,p) 

v = v(,p) 

w = w(,p) 

 = (u,v,w) 

p = p() 
 

All of them are linked. We are approximating the equations of the substantial 
derivative (2.20), (2.21) and (2.22) by linear functions at one point. This point is 

getting close to the point we are looking for, thanks to  and p corrected values 
that have been found with the previous linear approximations.  
 
We are moving along a wheel of equations correcting constantly the values of 
the flow properties. The process is repeated until the problem is converged or 
when the program sees the maximum iterations defined by the user are not 
sufficient to converge. 
 
Returning to the example of f(x) we take a0 from the instant before. Now we 
know this a0 has to be near a, we understand better why the time step and the 
element size have to be small to converge. 
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CHAPTER 4. RESULTS 

 

4.1. Introduction 

 
In this section the results of the simulations are showed and commented. As the 
results can be interpreted in several ways, the author has tried to relate the 
images with what was learned along the degree. 
 
For every helmet three tests have been run. A test with an incoming air with a 
velocity of 1 m/s to study the tendency of the flow when it's surrounding the 
helmet. Then another situations more realistic are tested, at 20 m/s (72 km/h) 
and 30 m/s (108 km/h). These two tests will be useful to observe how the flow 
behavior changes at two different high speeds. 
 
The following section about the tests performed over the helmet number 1 has 
to be read accurately because it contains some general observations applicable 
to all the helmet tests. 
 
 

4.2. Helmet number 1 

 
As said before the first helmet was the only one downloaded from the net. The 
model was downloaded from a web page that permits any use of the 
downloaded material (see [6]). 
 
This motocross helmet is quite spherical, the only parts that break this basic 
geometry are the prominent chin protector and the peaked cap. The air below 
the peaked cap will be stopped because it is almost captured in front of the 
face. On the other hand, the flow over the peaked cap will be accelerated 
sliding over the spherical shape of the helmet until a certain point where 
turbulence will appear. The vents on the chin protector are quite big holes, a 
strong pressure could appear over them. 
 
For all the helmets the vents have been approximated to superficial holes, the 
vent doesn't really enter inside the helmet. This approximation has been taken 
because when the air enters in these pipes its velocity is reduced until really low 
velocities. 
 
When the CAD file was imported into GiD the model found was composed by 
elements too small with very sharp angles. In the zone were the flow had to 
slide there were sharp corners. 
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Fig. 4.1 Helmet #1 CAD file imported into the GiD environment 
 

First of all, only one half of the helmet is used for the wind-tunnel tests because 
the problem is symmetric for the longitudinal axis, for the direction the flow is 
coming from. This is a comment applicable to the rest of helmets as we'll see 
later. The retention strap was deleted since it has no significant aerodynamic 
consequences. Then various surfaces were joined inside bigger surfaces. The 
objective was to reconstruct the helmet taking only the points of the original 
model. With big surfaces Tdyn will have more freedom to mesh the surfaces in 
an optimized way. 
 
 

 
 

Fig. 4.2 Helmet #1 after some modifications 
 
Some surfaces were of bad quality and would cause problems producing the 
divergence of the results and increasing the solving time. We can see in Figure 
4.2 that the rim of the visor hole, that is the limit between the outer shell of the 
helmet and the interior has a strange profile. In this case the points were 
simplified trying to respect the original shape. The button on the side of the 
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helmet and the hole on the rear part to pass the band of the glasses were 
erased. 
 
This helmet is not ready for the aerodynamic tests yet. It's specially obvious for 
this helmet without visor that it's necessary to introduce a model of a head 
because the air cannot enter inside the helmet. To avoid the incoherent results 
caused by the effect of the floor, the helmet is supported high by a large neck.  
 
The head was introduced and first tests were run but there was something still 
missing. For an incoming velocity of 1 m/s in front of the forehead a strong 
pressure, if we have in mind the very low velocity, appeared. This happens 
because the velocity is completely stopped by the head. It founds a concave 
corner between the forehead and the helmet and all the kinetic energy impacts 
on the rider. 
 
Finally the option of using glasses was found better. Generally this kind of 
motocross helmets force to use glasses due to the sand particles so it makes 
more sense also for this reason. 
 
 

 
 

Fig. 4.3 Helmet #1 geometry used to perform the tests 
 
For all the tests the wind tunnel is divided into 2 volumes. One defined by 6 
planar surfaces and the helmet geometry and another one only defined by 6 
rectangles. The 2 volumes will be meshed with different kinds of elements. This 
will be explained soon. 
 
The first wind tunnel is designed. The dimensions are defined adding margins to 
the region of the flow field that predictably will be affected by the helmet. 
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Fig. 4.4 Wind tunnel dimensions (in meters) for the 1 m/s test 
 
First, boundary conditions are applied. A constant pressure is assigned to the 
rear wall, this is just to give a reference value for the whole wind tunnel. Next, a 
constant velocity for the incoming flow is assigned for the frontal wall of the wind 
tunnel, 1 m/s for this case. 
 
To limit the wind tunnel flow field we apply the condition of inviscid wall to all the 
surfaces excepting the entrance and the exit of the tunnel and also the wall that 
separates the 2 volumes. The walls are considered inviscid because the air is in 

itself a fluid with very small viscosity coefficient (=1.79·10-5 m/s at 
environmental temperature), the helmet surface is very smooth and the rest of 
the walls are theoretically the same air moving at very similar velocities. 
 
Initial conditions are not necessary. Tdyn starts the problem with all the particles 
at zero velocity excepting the ones where a velocity has been assigned by the 
user. That's ok for our case, if we assigned a velocity to all the particles 
probably the program would give warnings or errors. 
 
Next the volumes are meshed. The volume with the half motorbike helmet will 
be meshed with tetrahedrons that will adapt to the helmet shape. These 
elements will be distributed non-uniformly and only the maximum element size 
will be determined. We'll choose how accurate are the results around the helmet 
and the elements will be distributed to optimize the contour of the complicated 
volume. 
 
The other volume mesh will be structured. It means the user will divide the 
edges into a certain number to form hexahedrons. This cubes will be formed by 
24 tetrahedrons. The mesh will have bigger elements because theoretically the 
flow should behave more predictably since the walls don't block the incoming 
air. The mesh will be generated and calculated much more rapidly than with a 
non-structured mesh. 
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The maximum element size for the first volume will be 0.03. For the second 
volume the edges are divided into 15, 25 and 40 segments respectively, the 
edges are ordered by length. The mesh has 658119 elements and 133069 
nodes. 
 
 

 
 

Fig. 4.5 Mesh for the 1 m/s test 
 
The helmets aerodynamics will be different but as the dimensions are quite 
similar and the velocities are the same most of the conditions of the problem are 
the same for all the helmets. For most of 1 m/s tests this wind tunnel is gonna 
be used. We'll call this tunnel low velocity wind tunnel, the only reason for this 
name is it's adequate for the firsts tests. 
 
Before launching the problem the problem data has to be defined. There will be 
1000 steps, the step time will be 0.01s and every step will be iterated a 
maximum of 10 times. 
 
The problem converge from the 5th step, it indicates it's a very good simulation. 
The first particle that enters inside the tunnel needs about 4.5 seconds to arrive 
to the exit and we simulate until the second 10, that will let the flow to arrive to a 
stationary state or to the end of the transition. 
 
Only aerodynamic forces in the vertical plane are taken into account. As said 
before the problem is symmetric and the forces acting on the sides of the 
helmet are null because the same forces are exerted in the opposite direction 
over the other side. However, the problem cannot be simulated in two 
dimensions. The flow is accelerated when it surrounds the helmet through the 
sides and this effect has consequences in the plane we are studying. 
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Fig. 4.6 Helmet #1 velocity profile for the 1 m/s test 
 
 

 
 

Fig. 4.7 Helmet #1 pressure profile for the 1 m/s test 
 

So we can see the peak velocity is about 1.25 m/s and as expected it's situated 
on the top of the helmet. Due to Bernoulli effect a suction appears in this zone, 
an under pressure that implies a positive lift of the helmet. The head of the rider 
tends to move upward, it's less heavy. 
 
The flow has a velocity almost zero below the peaked cap and surprisingly 
between the chin protector and the face. Actually it has an explanation. The flow 
that passed above the chin protector then moves downward when it impacts 
against the face, while the flow below the chin protector doesn't change its 
velocity direction. When both flows are mixed a small region of turbulence is 
generated in this zone. Where the flow is stopped an extra-pressure against the 
glasses and the face appears. 
 
Behind the helmet a big region of turbulence, where the flow behaves 
chaotically and it is indicated as zero velocity, generates also an under 
pressure. 
 
Joining all the forces, the helmet has positive lift and drag. It means the helmet 
is pushed behind and upward. 
 
Now the other two tests are commented. Results will be commented less 
accurately because turbulent region will be bigger and the movement of the flow 
couldn't be so well appreciated. We'll comment basically the evolution of the 
velocity and the forces. 
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For the 20 m/s test a bigger wind tunnel is used. The region of the flow affected 
by the helmet is much bigger. 
 
 

 
 

Fig. 4.8 Wind tunnel dimensions (in meters) for the 20 m/s test 
 

The unstructured mesh will be composed by elements with sizes smaller than 
0.1. The edges of the second volume are divided into 10, 15 and 20 segments 
respectively for the meshing. The resulting mesh is composed by 130302 
elements and 27843 nodes. 
 
 

 
 

Fig. 4.9 Mesh for the 20 m/s 
 
This wind tunnel is going to be used several times. From now on this is called 
the high  velocities wind tunnel. 
 
The simulation will consist on 1000 steps with a time of 0.001 seconds. As a 
consequence, the simulation will take 1 second. The time is sufficient for a flow 
with a velocity of 20 m/s that has to cross a length of 6.5 meters. The maximum 
iterations are also 10. The problem is converged since the 5th step. 
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Fig. 4.10 Helmet #1 velocity profile for the 20 m/s test at t=1s 
 
 

 
 

Fig. 4.11 Helmet #1 pressure profile for the 20 m/s test at t=1s 
 
For the 30 m/s test there's no way to make converge the problem applying the 
high velocities wind tunnel. A bigger wind tunnel is used. 
 
 

 
 

Fig. 4.12 Wind tunnel dimensions (in meters) for the 30 m/s test 
 

For this wind tunnel the structured mesh of the second volume divides the 
edges of 2 meters into 15 divisions and the longitudinal edge into 30 divisions. 
The first volume is meshed with a maximum element size of 0.1. The flow field 
is discretised into 333197 elements formed from 67786 nodes. 
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Fig. 4.13 Mesh for the 30 m/s test 
 
The problem data is also changed. The step time has to be reduced to make 
the problem converge in the first steps. This time step has to be 0.0005 
seconds with 1000 steps as always. The maximum iterations are 5. 
 
 

 
 

Fig. 4.14 Helmet #1 velocity profile for the 30 m/s test at t=0.5s 
 
 

 
 

Fig. 4.15 Helmet #1 pressure profile for the 30 m/s test at t=0.5s 
 
For the 20 m/s the trail of eddies is quite small but at the same time the region 
of decelerated air is much bigger. For the 30 m/s test both regions are smaller, 
on the contrary, the effect on the surroundings is the air is accelerated. The 
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peak velocity isn't over the helmet, where the maximum velocity is about 35 
m/s. In a region far from the helmet the dark spots indicate the air velocity is 
about 45 m/s. 
 
For both experiments the air is stopped under the peaked cap. This generates 
an oval of super pressure just in front the face. 
 
 

4.3. Helmet number 2 

 
The rest of helmets were constructed with the 3D editor. To pass the models 
from Blender to Tdyn the CAD conversion was used. Since the helmets can be 
chosen, the choice tried to take models that were as different as possible to get 
useful conclusions. 
 
The helmet number 2 was chosen for its typical shape, quite oval. But at the 
same time the rear vent was bigger than usual and it could have interesting 
consequences. The visor shell is sustained with parts that protrude a little bit 
and we we'll see if the additional drag is important or not. We could also 
appreciate if the small aileron is merely decorative. 
 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 4.16 Helmet #2 CAD file 

 
The main problem with the 3D editor was that elements were always composed 
by 3 or 4 straight lines. This forced to search a balance between the respect for 
the shape and the element shape. Tdyn is more tolerant and surfaces can be 
constructed with as many curved lines as the user wants. Several versions of 
the helmet were designed. At every step surfaces were bigger. The geometry 
was getting smoother, the discontinuity between elements was being improved. 
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Fig. 4.17 Helmet #2 different compositions 

 
One approximation that was not necessary with the helmet number 1 is the 
visor shell has a certain volume. One option was to convert the visor into a 
surface. But a surface would generate very strong gradients in the flow when it 
is overtaking this almost perpendicular surface. The visor had to be joined to the 
outer shell and it implied the visor had to have a volume. 
 
 

 
 

Fig. 4.18 Helmet #2 visor shell from the opposite side 
 

For this helmet 1 m/s test the low velocity wind tunnel is used. It is meshed with 
a maximum element size of 0.03 and the resulting mesh is composed by 
576702 and 116692 nodes. The time step is 0.01 seconds and 1000 steps are 
computed. But for this helmet 5 iterations are sufficient to converge from t=0.2 
seconds. It's convenient to use the less iterations that converge. Apart from the 
time needed to solve the problem is decreased, in the first steps were the 
problem always diverge we could arrive to a situation far from the correct one. 
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Fig. 4.19 Helmet #2 velocity profile for the 1 m/s test at t=10s 
 
 

 
 

Fig. 4.20 Helmet #2 pressure profile for the 1 m/s test at t=10s 
 

The peak isn't found in the top of the helmet. The darkest spot is in the side. 
This could happen because the rear vent that is close to the top acts as an 
aileron initiating the turbulent region high. As a consequence the trail is quite big 
and it is diffused slowly. The aileron on the nape of the neck seems effective. 
The effect is specially important in the velocity visualization, we can see the air 
escapes from the helmet following the line defined by the aileron. In the 
pressure graph we observe there's no suction in this zone that will cause 
additional drag. Now we observe if this is applicable to faster velocities. 
 
Again the same wind tunnel used for the helmet number 1 is used for the 
helmet number 2 tests at 20 m/s and 30 m/s. The same conditions to mesh are 
also applied. This time the mesh has 127863 elements and 27325 nodes. 
 
For the 20 m/s test we'll make the computer solve 1000 steps, increasing the 
time 0.001 second each step. 5 iterations are sufficient to make the problem 
converge from the sixth step. 
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Fig. 4.21 Helmet #2 velocity profile for the 20 m/s test at t=1s 
 
 

 
 

Fig. 4.22 Helmet #2 pressure profile for the 20 m/s test at t=1s 
 

For the 30 m/s test the same wind tunnel and mesh is used. The time step has 
to reduced to the half, 0.0005 seconds. 1000 steps are sufficient and 10 will be 
the maximum number of iterations to converge from the fifth step. 
 
 

 
 

Fig. 4.23 Helmet #2 velocity profile for the 30 m/s test at t=0.5s 
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Fig. 4.24 Helmet #2 pressure profile for the 30 m/s test at t=0.5s 
 

First we observe is the change on the trail. If we compare the trails of the 3 tests 
we observe a clear tendency to decrease the region of turbulence with 
completely chaotic movement (velocity tending to zero). The flow behind the 
helmet moves downward within a short distance and this effect becomes more 
important as we increase the velocity. 
 
From the second test to the third we observe a huge difference between the 
peaks of pressure. Also in the 30 m/s test, the super-pressure region starts to 
grow up in front of the helmet. The effect on the under-pressure is even more 
important. The increase of the peak velocity is a 66%, and in this zone the 
increase on the under-pressure is a 200%. It is logical since we know from the 
Bernoulli equation the relation between the velocity and the pressure is 
quadratic. 
 
 

4.4. Helmet number 3 

 
The helmet number 3 main characteristic is that it was designed specially for 
competition. The shape is very spherical excepting the frontal part that is 
straight. There are two frontal vents and two rear vents. The vents of the top of 
the helmet are quite big and we'll see if they are smooth enough to don't 
generate strong additional drag. Actually they are big because the ventilation 
pipes are also quite big. There's a bit of deformation in this zone. The aileron is 
high compared with the helmet number 2. Also comparing with the helmet 
number 2, this time the visor shell sides are fully integrated in the outer shell. 
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Fig. 4.25 Helmet #3 CAD file 

 
 
The strange vents are the main problem when simplifying the surfaces. In those 
regions the surfaces are small. It could improve the reliability of the problem 
because important velocity gradients will appear near these zones. The small 
elements the program will generate can help to get converged results easily. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.26 Helmet #3 different compositions 
 
We'll see this helmet affects a volume of air bigger than for other helmets. For 
the 1 m/s test, diverse time steps and meshes were tried but the problem only 
converged when the wind tunnel dimensions were increased. It was necessary 
to use the high velocities wind tunnel. The conditions for the meshing are the 
same that for helmet number 1 20 m/s test. The mesh has 127878 elements 
and 27245 nodes. 
 
The time step was set at 0.01 seconds and 1000 steps were calculated. The 
number maximum iterations per step is 5. 
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Fig. 4.27 Helmet #3 velocity profile for the 1m/s test at t=10s 
 
 

 
 

Fig. 4.28 Helmet #3 pressure profile for the 1 m/s test at t=10s 
 
The flow is sliding over the helmet until it arrives to the aileron. The turbulence 
trail is maintained behind the helmet. 
 
There's no turbulence generated by the neck. This turbulence was not 
commented before since this neck is unrealistic but it's interesting to study why 
this happens, because in the previous tests the neck generated always 
turbulence. A possible explanation could be the kind of shock wave in front of 
the helmet. It's specially appreciable in the pressure contour, notice the super 
pressure is about 20 cm in front of the helmet, it is not touching the body. 
Looking the velocity contour lines, in this zone the air is not completely stopped, 
it has a velocity about 0.2 m/s in the zone of the forehead, but higher than 1 m/s 
in front of the nose of the rider. 
 
This particular behavior cannot be explained in the helmet surface we need to 
know where this air is coming from. Tdyn also permits to visualize the 
streamlines. A streamline represents the trajectory of a single particle. 
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Fig. 4.29 Helmet #3 streamlines for the 1 m/s test at t=10s 
 

The streamlines describe a really surprising effect. The presence of the helmet, 
the under pressure generated on top, makes vary the trajectory of the particles 
that are quite far. This particles fall down from above and arrive to the helmet 
with a negative z velocity almost without velocity in the other components. This 
stream acts as a barrier that doesn't let incoming particles impact against the 
frontal part of the helmet. 
 
 

 
 

Fig. 4.30 Helmet #3 pressure from above for the 1 m/s test at t=10s 
 

Something commented in the introduction of this section is also related with this 
effect. The top vents were quite prominent but they don't generate an extra 
pressure since the air is coming from above the helmet. 
 
This also explains why the low velocity wind tunnel test didn't converge. The 
frontal wall was too near to the helmet. The frontal air was affected in the wall 
and that gave problems. The wind tunnel had to be bigger. 
 
For the 20 m/s the high velocities wind tunnel is sufficient but the problem data 
has to be modified. The time step is reduced until 0.0005 seconds and 1000 
steps will be computed. The maximum iterations are 5. 
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Fig. 4.31 Helmet #3 velocity profile for the 20 m/s test at t=0.5s 
 
 

 
 

Fig. 4.32 Helmet #3 pressure profile for the 20 m/s test at t=0.5s 
 

The problem cannot be converged in the high velocity wind tunnel. The wind 
tunnel used for the helmet number 1 30 m/s is used here. The maximum 
element size and the structured mesh are the same as for helmet number 1 30 
m/s test. Now the mesh has 330231 elements and 67081 nodes. 
 
Like in the previous problem, 1000 steps will be computed with a step time of 
0.0005 seconds but the maximum number of iterations is increased until 10 to 
make the problem converge from the beginning. 
 
 

 
 

Fig. 4.33 Helmet #3 velocity profile for the 30 m/s test at t=0.5s 
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Fig. 4.34 Helmet #3 pressure profile for the 30 m/s test at t=0.5s 
 

The 20 m/s simulation gives really strange results. When the animation is 
shown we observe the region of turbulence doesn't stabilize. The under 
pressure is extended strangely forward. The results of the 30 m/s look more 
coherent. The turbulence region is well defined and the pressure regions are 
distributed like in the other tests. 
 
The "air barrier" generated in front of the helmet is still appreciable in the 20 m/s 
test but it completely disappears in the 30 m/s test. If we study the streamlines 
we see the effect of the air coming from above is still present but it isn't so 
effective. Now the velocity don't descend vertically in front of the helmet. It 
impacts in the middle of the visor shell. 
 
 

 
 

Fig. 4.35 Helmet #3 streamlines for the 30 m/s test 
 

 

4.5. Helmet number 4 

 
The last helmet is the most original, it has a rear view mirror. In the top of the 
helmet a system of mirrors let the rider see what's happening behind through a 
window in the rear part of the helmet. Apart from the usefulness of this invent 
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it's interesting in this project to see how this extra-volume needed to fit the 
mirrors affects the aerodynamic performance. 
 
 

 
 

Fig. 4.36 Helmet #4 rear view mirror system 
 
The first we realize is this helmet is bigger than the others. To find a more 
spherical shape the sides and the rear part are thicker than the frontal. However 
the top of the helmet is still quite prominent. There are two frontal vents but they 
are integrated in the outer shell, apparently they won't affect the flow 
importantly. The aileron is really high because the window occupies all the rear 
side of the helmet. Furthermore, the rider won't be leaned over the motorbike. 
The rear view system forces the pilot to ride the bike quite straight. The back 
have to stay at a vertical position. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4.37 Helmet #4 CAD file 

 
The shape of this helmet is the less spherical. It is deformed on the top and also 
in the sides. The surfaces have to be extended and relatively small to get the 
points necessary to respect the original shape. For example, next to the rear 
window a triangle like hole forces to use small surfaces in this zone. 
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Fig. 4.38 Helmet #4 different compositions 
 

For the 1 m/s test the low velocity wind tunnel is used. The meshing consists on 
548272 elements and 110655 nodes. 1000 steps with a time increment of 0.01 
seconds are calculated. The maximum number of iterations is 5 that is sufficient 
to make the problem converge from the firsts values. 
 
 

 
 

Fig. 4.39 Helmet #4 velocity profile for the 1 m/s test at t=10s 
 
 

 
 

Fig. 4.40 Helmet #4 pressure profile for the 1 m/s test at t=10s 
 

The peak velocity is situated on the helmet top and it is really close to the 
aileron that sends the flow up. The trail of the turbulence is extended behind the 
helmet. But the turbulence doesn't move totally chaotically, the eddies are 
dispersed quickly and the flow is accelerated again. 
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The super pressure and under pressure regions are very characteristic. Super 
pressure over the visor shell and suction effect on the top and the sides of the 
helmet. 
 
For the 20 m/s test the high velocities tunnel is adequate. The mesh is 
composed by 126697 elements and 26954 nodes. But the time step is not the 
typical for the 20 m/s, it has to be decreased until 0.0005 seconds. The program 
will run the problem of 1000 steps with 5 maximum iterations 

 
 
 

 
 

Fig. 4.41 Helmet #4 velocity profile for the 20 m/s test at t=0.5s 
 
 

 
 

Fig. 4.42 Helmet #4 pressure profile for the 20 m/s test at t=0.5s 
 

For the 30 m/s test the same conditions are applied. The tunnel used is the high 
velocity wind tunnel. 1000 steps are computed, every step simulates an 
increase of 0.0005 seconds and 5 maximum iterations are tolerated. 
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Fig. 4.43 Helmet #4 velocity profile for the 30 m/s test at t=0.5s 
 
 

 
 

Fig. 4.44 Helmet #4 pressure profile for the 30 m/s test at t=0.5s 
 

For this incoming velocity the turbulence is not sent upward. It falls down slowly. 
It's something curious the super pressure on the front, in the middle of the visor 
for the 1 m/s test, descends a bit to the chin protector for the 20 m/s test while 
for the 30 m/s the maximum super pressure is focused in the forehead of the 
rider. This happens because the air is stopped against the chin protector in the 
20 m/s test but in the 30 m/s test the air escapes downward. 
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CHAPTER 5. CONCLUSIONS 

 

5.1. Comparative study 

 
To compare the results 3 tables will be used, one for every velocity. Some 
parameters will be used to order the helmets with numbers. The main idea is 
the number 1 will be assigned to the best and the 4 to the worst helmet for 
every property when we can say this property is good or bad. When this 
property is not good or bad the order will be arbitrary. It's hard to take numbers 
that describe accurately the result of the experiments. The study is qualitative 
and subjective like the studies of the specialized motorbike magazines. 
 
The energy necessary to produce eddies is energy lost. This energy comes 
from the force the rider has to exert to compensate this additional drag, called 
induced drag. The element with the smallest turbulence area will have the 
number 1. The dimensions are not written because the turbulence area 
presents continuous oscillations at the stationary state. 
 
The helmet with the less frontal pressure will be the best one. This is related 
with the number of particles the helmet stops. The kinetic energy of the particles 
is used to compress the air and it is also related with drag. The criteria to decide 
which helmet has the strongest frontal pressure will be numerical. The data of 
pressure facilitated by Tdyn will give us this information. However the frontal 
pressure cannot be determined with one number since the pressure varies 
importantly in the frontal part of the helmet. 
 
The lift is the force generated by an airfoil that generates a force that 
compensates the gravity because it acts on the opposite direction. For our 
helmet we call lift the force due to the under pressure over the top of the helmet. 
The helmet with the less lift will be numbered 1, the lift don't have to be 
something bad and, as said before, the criteria to assign the numbers will be 
arbitrary. 
 
The momentum for the helmet will make the rider lower the view. The frontal 
pressure and the lift generate a rotation around the x axis (that goes from one 
side of the helmet to the other one). The helmet will exert a pressure over the 
face bigger than the one exerted over the forehead. It can sound strange 
because we know the pilot is pushed backwards. This other phenomenon is the 
momentum generated over the rider that mustn't be confused with the helmet 
momentum. The drag over the rider is focused on the thorax, the legs are 
hidden. The thorax is above the center of pressure of the rider-motorbike set, 
then the momentum makes the thorax move backwards. 
 
One more consideration has to be understood. We've talked about the drag due 
to the frontal pressure, called parasite drag, and the drag due to the turbulence 
generation which is called induced drag. Both forces act in the same direction 
and can be joined. 
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The criteria is more or less subjective since we don't know the drag and the lift 
values. The number 4 will be assigned to the helmet with the highest mean 
value of frontal pressure and lift. 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Fig. 5.1 Momentum generated by drag and lift 
 
The aileron separates the flow from the outer shell to make the flow escape, 
when it is slipping over a curved surface, due to the Coanda effect, the pressure 
decreases and a suction from behind can increase the drag. The aileron 
positive effect depends on many factors, we'll relate with number 1 the flow sent 
farther, this could be good or not. 
 
The sharp gradients of velocity or pressure are related to fast compression of 
the air particles, that will generate more drag, so the number 1 will be assigned 
to the helmet with the most stable flow around, the one that doesn't change the 
flow properties in a short distance. 
 
 
Table 5.1. Comparative for 1 m/s tests 
 

 

   
 

region of 
turbulence size 

1 3 2 4 

frontal pressure 2 4 3 1 
maximum lift 2 1 3 4 
momentum 2 3 4 1 
aileron effect / 2 3 1 
gradients 2 4 1 3 

 
 

DRAG 

LIFT 

momentum 
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As said at the beginning of chapter 4 the 1 m/s tests are useful only to show 
how the flow tends to overtake the helmets. The velocity is too small to take 
conclusions of the aerodynamic performance. But there's an observation that 
can be interesting. The best helmet at this very low velocity is the number 1. 
This helmet is the less prepared aerodynamically, it has no aileron and it has no 
a frontal shell to deviate particles, but it is spherical and the flow can slip over 
the helmet without turbulence generation. 
 
It's also important to realize every helmet was aerodynamically designed to be 
optimum at a certain margin of velocities like planes or F1 cars. Obviously that 
margin of so low velocities is not optimum for any of the helmets. 
 
 
Table 5.2. Comparative for 20 m/s tests 
 

 

   
 

region of 
turbulence size 

4 1 2 3 

frontal pressure 2 3 1 4 
maximum lift 3 1 2 4 
momentum 3 2 1 4 
aileron effect / 3 2 1 
gradients 3 4 1 2 

 
 
This comparative table is more interesting. We can think about some 
conclusions. 
 
The helmet number 1 performance starts to get worse. The flow is separated 
from the helmet surface on the rear of the helmet, where the rest of helmets 
have an aileron. The flow falls down violently and a large trail of turbulence 
appear behind the helmet. Observe the relation between aileron effect and the 
region of turbulence. When the aileron of helmet number 4 sends the flow up 
the region of turbulence becomes bigger. For the helmet number 2 the flow is 
separated in a way the turbulence disappear fast. That indicates the criteria 
used for the aileron effect could be incoherent with the rest of properties. The 
number 1 is assigned to the aileron that contributes more to the drag increment.  
 
The pressures generated around helmet number 4 are the worst. This helmet is 
the biggest one and it makes sense the frontal pressure and the lift are the 
biggest. This helmet offers more surface to the incoming velocity. The helmet 
number 1 is the second worst as it is not prepared to be aerodynamically 
efficient. Helmets 2 and 3 have a similar field of pressures around them. 
 



Conclusions    49 

 

The helmet number 2 surroundings are full of sharp gradients. For example the 
turbulence trail has a chaotic movement but the flow that passes above this 
region has a high velocity. This strong wind shear could be the indicator of 
intense turbulence, which implies high drag. Helmet number 4, that seemed to 
be aerodynamically inefficient for these velocities, is really smooth. The 
variations of velocities and pressures are slight, the flow slips over the helmet 
being  accelerated and decelerated slowly. 
 
 
Table 5.3. Comparative for 30 m/s tests 
 

 

   
 

region of 
turbulence size 

4 3 2 1 

frontal pressure 1 3 4 2 
maximum lift 2 1 3 4 
momentum 1 2 4 3 
aileron effect / 2 1 3 
gradients 4 3 1 2 

 
 
Again the helmets where the aileron effect is stronger have a bigger region of 
turbulence. For example in the helmet number 4 the aileron doesn't work, the air 
slips until the rear of the neck. This is not something positive, although the 
region of turbulence is smaller, a suction where the air is still attached to the 
helmet generates additional drag. The helmet number 3 separates the flow very 
clearly and the turbulence region is still small. 
 
The helmet number 1 peak of frontal pressure is the smallest. That's quite 
surprising but for an incoming velocity of 30 m/s the flow moves downward over 
the glasses, it is not stopped. For the other helmets that force the air to move 
upward the air velocity is nearer to zero. The helmet number 3 has the biggest 
frontal pressure. We saw in the section where the helmet number 3 simulations 
were commented that for 30 m/s the particles impacted against the visor. The 
visor is almost perpendicular to the incoming velocity and particles are stopped. 
 
As for the 20 m/s test the helmet that increases the most the velocity on the top 
is the helmet number 4. It makes sense since it is the biggest one, the number 
of displaced particles is also bigger. 
 
The helmets number 3 and 4 deviate the flow better than the helmet number 2. 
And of course much better than the helmet number 1, not designed for this 
velocities, where the changes on super pressure and under pressure are very 
brusque. 
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These results cannot be compared with real wind tunnel experiments or other 
CFD calculations of this helmets. The motocross helmet aerodynamics are not 
studied because they are not designed for high velocities. The rear view helmet 
isn't popularized yet and no tests were found. 
 
A comparative study between the helmet number 3 and one very similar to the 
helmet number 2 of the same manufacturer was found (see [7]). The study 
tested all the properties of the helmets like comfort and noise reduction for 7 
helmets. Only 3 of these helmets had an aileron, the two studied here and 
another one, and they had the best aerodynamics performance of the 7 
helmets. The study says the aileron acts adequately at very high velocities. 
We've seen the turbulence region is smaller at the 30 m/s test. It also says the 
helmet number 3 is the one that offers less drag of the 7 helmets tested. It has 
been the best for the 20 m/s and 30 m/s tests. 
 

5.2. General observations 

 
When a problem is being solved with CFD the limits are set by the user. The 
main limit to be determined is the solving time. The objective from the beginning 
was to run different simulations for different helmets. 4 helmets were chosen 
and the initial idea was to prepare 3 simulations for every helmet. It's known for 
everyone experiments don't work the first time. A pessimistic supposition was 
supposed. The supposition was for every good simulation, 3 simulations were 
necessary. So, 4 multiplied by 3 multiplied by 3 gives a total of 36 simulations. 
 
With this prevision the time solving was limited to 8 hours. The time solving is 
determined basically by the number of steps. Several tests were performed to 
find how many time steps the computer can advance in 8 hours. When 
problems converge, for the meshes used for the simulations, with about 
200000-500000 elements, this number of steps was about 1000. 
 
So tests were all performed computing 1000 steps. The time increment 
determines the time of the simulated experiment. The time increment used is 
the biggest that let the problem converge to arrive to a solution as stationary as 
possible. The reason is obvious. When we arrive to the stationary state we have 
information about the transitory state and the stationary state. While when we 
don't arrive we only know the transitory state characteristics. 
 
To study the stabilization in time the evolution of the flow parameters are 
visualized with the Tdyn animation application. None of the tests show a 
permanent state. Helmet number 3 tests at 1 m/s and 20 m/s and helmet 
number 4 test at 20 m/s don't show a clear tendency, remember the strange 
effect of the air coming from above. Spots of turbulence appear spontaneously 
far from the helmet. The rest of the tests show periodical oscillations of the air 
perturbations that could describe the stationary state. However we cannot be 
sure since the simulations last a short period of time. 
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To know the stationary regime would be useful but it doesn't mean the non-
stationary results are useless. Firstly because in the real world motorbike riders 
don't travel at constant speeds. The air is not quiet, in most of situations the 
incoming velocity will have a non-perpendicular component. And secondly 
because we have an idea about how the flow behaves at the stationary regime. 
We have magnitudes that will be similar to the ones when oscillations activity 
decreases. We know the zones where the flow is decelerated and accelerated. 
The comparative study results can be taken seriously because the difference 
between the helmets is so big we know it will be valid for the stationary state.  
 
 

5.3. Future work 

 
From the conclusions it is understood that the tests could be simulated with 
more steps to try to find the stationary state of the different experiments. A more 
powerful computer could be used to simulate the problems with more steps with 
the same solving time. 
 
The effect we've discovered around helmet number 3 should be studied 
accurately. First, it seems interesting to simulate the problem in a bigger wind 
tunnel. As this effect is related with the non-laminar flow behavior it is related 
with the model of turbulence. As said before the Smagorinsky model is the one 
used for the tests. Better approximations of the turbulence behavior like the K-

model or the -model could be tested. 
 
When professional pilots are racing they hide the helmet behind the visor dome 
of the motorbike. It is useful because most of the frontal pressure is avoided. To 
study how important this effect is would be interesting. 
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APPENDIX 1. INVALID TESTS 
 

Tests to know Tdyn 

 
To get used to the Tdyn interface very simple models were tested. This models 
were simple cubes that had to act as wind tunnels. 
 
First model 
 
The first cube was composed by 6 planar squares with edges of 10 meters. The 
objective was to generate a mesh with homogeneous velocity at all the nodes. 
 
An incoming velocity of 10 m/s was assigned to a face and the faces in contact 
with this one were assigned as inviscid walls. 
 
The meshing was unstructured and the maximum element size was set to 1.75. 
445 nodes were generated that formed 1872 tetrahedron elements. 
 
Problem data: 
number of steps: 100 
time increment: 1 s 
max iterations: 3 
 
All the steps converged and the result was the expected. 
 
 

 
 

Fig. 1 Homogenous velocity cube at t=100s 
 

Second model 
 
The first cube was composed by 6 planar squares with edges of 10 meters. This 
time half sphere was introduced inside the cube. The objective was to generate 
a perturbation inside the cube. 
 
An incoming velocity parallel to the side with the half sphere of 10 m/s was 
assigned to one of the faces. 
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The meshing was unstructured and the maximum element size was set to 1.75. 
495 nodes were generated that formed 1905 tetrahedron elements. 
 
Problem data: 
number of steps: 100 
time increment: 1 s 
max iterations: 3 
 
The results didn't converge. The sphere was obviously too big. 
 
 

 
 

Fig. 2 Non converged cube at t=100s 
 
Third model 
 
The squares edges are increased until 50 meters. The boundary conditions are 
the same that in the second model. 
 
The meshing with a maximum element size of 1.75 generates 232278 elements 
composed by 42140 nodes. 
 
Problem data: 
number of steps: 100 
time increment: 1 s 
max iterations: 3 
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Fig. 3 Cube with 50 meters edges at t=100s 
 

 

Helmet number 1 tests 

 
The helmet number 1 was the first tested and several attempts were necessary 
to get the first acceptable result. 
 
Test 1 
 
In the firsts tests the model was not scaled. The helmet had no real dimensions, 
this justifies the enormous wind tunnel used. For this firsts invalid tests the 
helmet number 1 hadn't got glasses yet. 
 

 
 

Fig. 4 Wind tunnel dimensions (in meters) for helmet #1 test 1 
 

The rear surface was set with a null pressure. The frontal surface was assigned 
a velocity of 1 m/s. The rest of the walls were set as inviscid. 
 
The maximum element size was the default value given by the program, 12.6. 
This generated a mesh of 19142 elements composed by 4791 nodes. 
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Problem data: 
number of steps: 100 
time increment: 1 s 
max iterations: 3 
 
 

 
 

Fig. 5 Helmet #1 test 1 mesh 
 
The mesh was so bad Tdyn reported critical problems. 
 
Test 2 
 
The wind tunnel and boundary conditions were the same as for test 1. 
 
This time the maximum element size was reduced until 6. The mesh was 
composed by 21690 elements and 5365 nodes. 
 
 

 
 

Fig. 6 Helmet #1 test 2 mesh 
 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 3 
 
The steps didn't converge and the results were very bad. The velocity profile 
was not coherent. 
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Fig. 7 Helmet #1 velocity profile for the test 2 at t=10s 
 

Test 3 
 
The wind tunnel and boundary conditions were the same as for test 1. 
 
The maximum element size was set to 3. The resulting meshing was composed 
by 44863 elements and 9896 nodes. 
 
 

 
 

Fig. 8 Helmet #1 test 3 mesh 
 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 4 
 
Only 20 steps converged. 
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Fig. 9 Helmet #1 velocity profile for the test 3 at t=10s 
 
Test 4 
 
The wind tunnel and boundary conditions were the same as for test 1. The 
meshing of test 3 was used. 
 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 5 
 
Only 30 steps were converged. 
 
 

 
 

Fig. 10 Helmet #1 velocity profile for the test 4 at t=10s 
 

Test 5 
 
The wind tunnel and boundary conditions were the same as for test 1. The 
meshing of test 3 was used. 
 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 10 
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The problem converged from the first steps. 
 
 

 
 

Fig. 11 Helmet #1 velocity profile for the test 5 at t=10s 
 
 
Test 6 
 
Before this test the model is scaled to the real dimensions and the glasses are 
added. The conditions explained in the project make the problem converge for 
the 1 m/s and the 20 m/s. But for an incoming velocity of 30 m/s several 
attempts has to be prepared. 
 
The wind tunnel and the meshing are the same used for the helmet number 1 
20 m/s test. 
 
Problem data: 
number of steps: 1000 
time increment: 0.0005 s 
max iterations: 10 
 
The steps diverge between the steps 600 and 700 and converge again. The 
steps diverge reporting several errors from the step 930. 
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Fig. 12 Helmet #1 velocity profile for the test 6 at t=0.5s 
 
 

Test 7 
 
The wind tunnel and the meshing are the same used for the helmet number 1 
20 m/s test. 
 
Problem data: 
number of steps: 1000 
time increment: 0.0004 s 
max iterations: 10 
 
All the steps converge but the final time (0.4 seconds) makes this result worse 
than the other tests. The animation shows a very unstable situation. 
 
 

 
 

Fig. 13 Helmet #1 velocity profile for the test 7 at t=0.4s 
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Helmet number 2 tests 

 
Test 1 
 
With the helmet number 2 first a non-scaled geometry was used. The 
dimensions were much bigger, this justifies the so big wind tunnel. 
 
 

 
 

Fig. 14 Wind tunnel dimensions (in meters) for helmet #2 test 1 
 

The maximum element size is 1. The structured mesh was formed by cubes 
from the edges divided into 8 and 15 portions. The generated mesh has 287492 
elements formed by 53747 nodes. 
 
 

 
 

Fig. 15 Helmet #2 test 1 mesh 
 

Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 3 
 
The problem is converged fast, most of the steps with only 1 iteration. 
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Fig. 16 Helmet #2 velocity profile for the test 1 at t=10s 
 

Test 2 
 
More iterations are tried over the same model and the same meshing of test 1. 

 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 20 
 
The problem converges from the initial steps. 
 

 

 
 

Fig. 17 Helmet #2 velocity profile for the test 2 at t=10s 
 

Test 3 
 
A very different one-volume wind tunnel was used in this test. The wind tunnel 
was even bigger than for the previous meshing. The incoming velocity is 
increased until 10 m/s. 
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Fig. 18 Wind tunnel dimensions (in meters) for helmet #2 test 3 
 

The maximum element size is 10. The generated mesh has 35962 elements 
and 7705 nodes. 
 
 
 

 
 

Fig. 19 Helmet #2 test 3 mesh 
 

Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 20 
 
The program gives several errors for the firsts 7 steps reporting inadequate 
solving election. From the step 7 the problem converges easily. 
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Fig. 20 Helmet #2 velocity profile for the test 3 at t=10s 
 
 
Test 4 
 
Before the first attempt with the scaled model the convergence is tried in a 
bigger model. The velocity of 1 m/s acts like if it was slower and the problem will 
converge easier. 
 
 

 
 

Fig. 21 Wind tunnel dimensions (in meters) for helmet #2 test 4 
 

The maximum element size is 1. The generated mesh has 459928 elements 
formed by 91375 nodes. 
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Fig. 22 Helmet #2 test 4 mesh 
 

Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 10 
 
The problem is converged fast, only 1 iteration is needed for most of steps. 
 
 
 
 

 
 

Fig. 23 Helmet #2 velocity profile for the test 4 at t=10s 
 
Test 5 
 
After the 1 m/s test is converged, the 20 m/s test is tried. A new wind tunnel is 
tested. 
 
 



Appendix 1    65 

 

 
 

Fig. 24 Wind tunnel dimensions (in meters) for helmet #2 test 5 
 

The maximum element size is 0.05 and the mesh is composed by 250242 
elements and 50085 nodes. 
 
 

 
 

Fig. 25 Helmet #2 test 5 mesh 
 
Problem data: 
number of steps: 1000 
time increment: 0.001 s 
max iterations: 5 
 
The problem is not converged at any step. 
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Fig. 26 Helmet #2 velocity profile for the test 5 at t=1s 
 
 
Test 6 
 
The wind tunnel and the meshing are the same as for the helmet number 2 20 
m/s test that is the same as for the 30 m/s test. Now the problem with the 30 
m/s of incoming flow velocity is first attempted. 
 
Problem data: 
number of steps: 1000 
time increment: 0.001 s 
max iterations: 10 
 
The problem diverges from the step 425. Tdyn reports finally a critical error and 
don't finish the problem calculation 
 

 
 

Fig. 27 Helmet #2 velocity profile for the test 6 at t=0.425s 
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Helmet number 3 tests 

 
Test 1 
 
The first helmet number 3 tests were quite similar to the ones seen for the 
helmet number 2. First for a non-scaled model a wind tunnel with the same 
dimensions was used. The same criteria for the meshing was maintained. 

 
The generated mesh has 280154 elements formed by 52323 nodes. 
 
 

 
 

Fig. 28 Helmet #3 test 1 mesh 
 

Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 3 
 
The problem doesn't converge until step 40. 
 
 

 
 

Fig. 29 Helmet #3 velocity profile for the test 1 at t=10s 
 
Test 2 
 
More iterations are tried over the same model and the same meshing of test 1. 
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Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 20 
 
The problem converges from the beginning. 
 

 

 
 

Fig. 30 Helmet #3 velocity profile for the test 2 at t=10s 
 
Test 3 
 
The usual low velocity wind tunnel was tested when the model was scaled. The 
criteria to mesh the structured volume is the same as in helmet number 2 1 m/s 
test. The mesh generated is composed of 442490 elements and 88275 nodes. 
 
Problem data: 
number of steps: 1000 
time increment: 0.01 s 
max iterations: 20 
 
The problem doesn't converge and it's stopped at the step 53. 
 
 

 
 

Fig. 31 Helmet #3 velocity profile for the test 3 at t=0.5s 
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Test 4 
 
The wind tunnel and the meshing remain equal.  
 
Problem data: 
number of steps: 1000 
time increment: 0.001 s 
max iterations: 5 
 
The problem diverges from the step 465. 
 
 

 
 

Fig. 32 Helmet #3 velocity profile for the test 4 at t=0.55s 
 
Test 5 
 
The wind tunnel and the meshing remain equal. 
 
Problem data: 
number of steps: 5000 
time increment: 0.001 s 
max iterations: 5 
 
Between steps 80 and 260 the problem converges but it never converges again. 
The problem calculation is stopped at the step 1676. 
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Fig. 33 Helmet #3 velocity profile for the test 5 at t=1.675s 
 
Test 6 
 
After the 1 m/s is converged. The same problem with 10 iterations is attempted 
to make the very firsts steps converge. 
 
Problem data: 
number of steps: 1000 
time increment: 0.01 s 
max iterations: 10 
 
The problem that converged with 5 maximum iterations doesn't converge with 
10 maximum iterations from the step 532. 
 
 

 
 

Fig. 34 Helmet #3 velocity profile for the test 6 at t=5.25s 
 

Test 7 
 
Once the 1 m/s problem was converged the 20 m/s test resolution is tried. The 
high velocity wind tunnel is used and the meshing was reported when the 
definite 20 m/s test was analyzed. 
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Problem data: 
number of steps: 1000 
time increment: 0.01 s 
max iterations: 5 
 
The problem diverges. Tdyn reports warning none of the solvers can calculate 
the problem. 
 
Test 8 
 
After the 20 m/s is converged the 30 m/s is calculated. The wind tunnel and 
meshing of helmet number 3 20 m/s test are applied. 
 
Problem data: 
number of steps: 1000 
time increment: 0.0005 s 
max iterations: 5 
 
The problem diverges from the step 532. 
 
 

 
 

Fig. 35 Helmet #3 velocity profile for the test 8 at t=0.2625s 
 
Test 9 
 
The wind tunnel and meshing of helmet number 3 20 m/s test are applied. 
 
Problem data: 
number of steps: 2000 
time increment: 0.00025 s 
max iterations: 5 
 
The problem diverges from the step 1382 and finishes giving errors. 
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Fig. 36 Helmet #3 velocity profile for the test 9 at t=0.34375s 
 
Test 10 
 
The wind tunnel and meshing of helmet number 3 20 m/s test are applied. 
 
Problem data: 
number of steps: 1000 
time increment: 0.0005 s 
max iterations: 20 
 
The problem diverges from the step 247 and finishes giving errors. 
 
 

 
 

Fig. 37 Helmet #3 velocity profile for the test 10 at t=0.1125s 
 
 

Helmet number 4 tests 

 
Test 1 
 
The first helmet number 4 when the model was not scaled yet followed the 
previous philosophies. The wind tunnel and the meshing options were the 
same. 
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The generated mesh has 273321 elements based on 51125 nodes. 
 
 

 
 

Fig. 38 Helmet #4 test 1 mesh 
 

Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 3 
 
The problem starts to converge from the step 37 but it's not totally stable, 
spontaneously some steps diverge. 
 
 

 
 

Fig. 39 Helmet #4 velocity profile for the test 1 at t=10s 
 
Test 2 
 
The same problem is run increasing the maximum number of iterations to study 
better the divergence tendency. 
 
Problem data: 
number of steps: 100 
time increment: 0.1 s 
max iterations: 20 
 
The problem converge for all the steps. 
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Fig. 40 Helmet #4 velocity profile for the test 2 at t=10s 
 
 
Test 3 
 
Once the model was scaled the 1 m/s test converged in the first attempt. Now 
the 20 m/s problem is treated. The wind tunnel and the meshing are the same 
that for the definite helmet number 4 20 m/s test. 
 
Problem data: 
number of steps: 1000 
time increment: 0.001 s 
max iterations: 5 
 
The problem diverges from the step 549 and Tdyn reports a critical error in the 
divergence that doesn't let finish the simulation. 
 
 

 
 

Fig. 41 Helmet #4 velocity profile for the test 3 at t=0.55s 
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Test 4 
 
The 20 m/s test converged in the second attempt. After that the 30 m/s solution 
is searched. 
 
Problem data: 
number of steps: 1000 
time increment: 0.001 s 
max iterations: 10 
 
The problem diverges from the step 415 and the calculation is stopped. 
 
 

 
 

Fig. 42 Helmet #4 velocity profile for the test 4 at t=0.425s 
 
Test 5 
 
When the 30 m/s test was already solved, the test was repeated but with 100 
maximum iterations to study the very first steps that didn't converge with 5 
iterations. 
 
Problem data: 
number of steps: 1000 
time increment: 0.0005 s 
max iterations: 100 
 
The problem diverges from the step 696 and the calculation is stopped. 
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Fig. 43 Helmet #4 velocity profile for the test 5 at t=0.3625s
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