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1. INTRODUCTION

The specific performance of the current engines has increased progressively, especially
with the last advances so much in more light new and resistant alloys, since in the

electronics and the employment of the overfeeding.

For it, the sports authorities like the FIA that there has between his principal aims
implement the adoption of common regulations for all the engines and series sport of
the whole world, have had to act to limit the presentations of the cars of competition

applying measures to regulate between others, the power of the engines.

The thermal engines of combustion he hospitalizes that they possess the cars they obtain
the mechanical energy from the heat energy that contributes the combustion of a

mixture of fuel and air.

The power that provides the engine indicates the work that this one is capable of

realizing to a certain speed of draft and during a certain time.
It is possible to express by means of the following formula:

Ne =pme-Vt-n -i Formula (1-1)
According to this, the power that develops an engine depends fundamentally of:

e The average effective pressure of the chamber of combustion (pme)

e The maximum regime of revolutions capable of reaching the engine.

Therefore, the possibilities to reduce the above mentioned power are to act on someone

of the previous factors.

The maximum revolutions can control by means of constrainers but they are slightly

trustworthy and easy to manipulate.

On the other hand, the average effective pressure is defined as the average pressure that

the gases exercise during the career of expansion of an engine.

This pressure depends principally on the air mass that gets in the phase of admission,
since more air interferes during the admission, major pressure is reached in the phase of
compression and as major consequence it is the power obtained in the phase of

explosion.



The quantity of admitted air is directly related to the cylinder capacity, therefore
limiting it might contain the "pme". But the application of the electronics has managed
to optimize spectacularly the conditions of the combustion and to limit the maximum

cylinder capacity of an engine it is not sufficient to contain the presentations of this one.

The best option consists of limiting of direct form the quantity of admitted air and to

obtain it the bridle of admission is in use.

1.1 THE BRIDLE OF ADMISSION

A bridle is a metallic piece that reduces the diameter of the conduit of air inlet to the
engine with the aim to limit the air flow that happens for the collectors. That way there
is restricted the air quantity that enters the chamber of combustion and a limitation is

obtained in the power of the engine.

The form and dimensions are variable and are subject to a regulation that changes

depending on the cylinder capacity and on the type of engine.

The Figure 1 shows a bridle for cars with diesel engine.

Figure 1. Image of a bridle of admission. Ref.[1].

The bridle is of obligatory use for all the vehicles overfed with compressors or
turbocompressors that overcome the power admitted according to his class, normally

this when it excels itself in 10 % [2]. These must be equipped with a bridle fixed to the

2
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framework of the compressor to take the power to the regulation values. According to

the category and cylinder capacity of the cars there is in use a bridle or other one.

The tightening of the bridles is regulated so much in diameter as form, so that it

supports his minimal throat along a measure.

If it does not expire with the form defined by the FIA, it cannot be considered validates
since there would not be fulfilled the condition of strangled flow and there would not be

reached the aim to limit the power looked by the sports authorities.

The bridle of admission is placed in the circuit of air admission so that all the air
necessary for the supply of the engine must happen across her. According to the type of
engine he places to a certain distance of the valve of admission (Figure 2) or at the entry

of the turbocompressor (Figure 3) depending on the case.

Figure 2. Bridle in air collector. Ref.[3].



Figure 3. Bridle in the entry of a turbocompressor. Ref.[3].

1.2 FUNCTIONING OF THE BRIDLE
The bridle bases his functioning on the concept of strangled flow or critical flow.

When a gas crosses an orifice (Fig.4), there is an occasion in which the speed of the
orifice comes to sonic conditions, that is to say, the speed reaches the value equivalent

to Mach 1.

This happens when the absolute pressure of exit is equal to 52.8 % of the absolute
pressure of entry, or what is equal, when the quotient between the pressure of exit (P2)

and the pressure of entry (P1) is equal or lower than 0.528 as expresses the equation:

— Formula (1-2)

When this happens for much that we increase the absolute pressure of entry PI1, the

speed to the exit V2 does not increase.
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One manages to strangle the speed of the flow so that this one remains constant.
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Figure 4. Scheme of flow crossing an orifice. Ref.[4].

But though it is named a strangled flow, it is a mistake to consider that due to this

strangulation in the speed, a flow is obtained flow constant.

The flow remains constant providing that the pressure of entry P1 is constant, if this
pressure increases the density of the air (p) increases and also the flow does it (m) since

it depends on the density (Formula. 2-3).

Formula (1-3)

The same thing happens with the bridles of admission. On having had convergent form
or convergent - divergent (Figure 5), according to the model, when there reaches speed
Mach 1 in the throat (the zone of minor diameter) of the bridle produces a strangulation
to itself in the speed of the flow, that is to say that the speed to the exit of the bridle

happens to be a constant.
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Figure 5. Scheme of a convergent - divergent bridle. Ref.[5].

When this happens, though the revolutions increase per minute (rpm) of the engine, the
speed of the flow to the exit does not increase and the flow of air inlet to the engine

does not increase, for a pressure of constant entry, and a loss of power takes place.

For it, it thinks that the employment of the bridle in the admission is an effective way of

equalizing the presentations between very different engines.



2. AIMS OF THE PROJECT

The aim of the work is to analyze the air flow that crosses different bridles to see in

what cases a major flow is obtained flow of air.

For it tells itself with 8 different models from bridles of admission provided by SEAT
Sport and that they have used as base for the study.

From the geometries of these bridles and with the intention of increasing the flow of
exit, modifications were realized in the convergent zone to verify if it is possible to
increase the pressure of entry that, as is explained in the previous paragraph, it is the

parameter that can increase the air flow of exit.



3. REVIEW OF LITERATURE

In this chapter the physical aspects of the flow are described, with the aim to provide the

basic knowledge of the mechanics of necessary fluids to carry out this project.

3.1 FUNDAMENTAL EQUATIONS

The equations that govern the mechanics of fluids are obtained by the application of the

beginning of conservation of the mechanics and of the thermodynamic one.
Three fundamental equations are:

e The equation of continuity
e The equation of the quantity movement

e The equation of the conservation of the energy

3.1.1. EQUATION OF CONTINUITY

The equation of continuity [5,6] expresses the conservation of mass. It is necessary for
the analysis of flows across pipes or conduits with diameter variable. The speed of the
flow changes due to the fact that the transverse area of conduit changes from a section

to other one.
L1v-(pV)=0 Formula (3-1)

If it is considered to be a stable flow across a fixed volume as one tank with an entry
and an exit, the reason with which the fluid enters in volume must be equal to the reason
with which the fluid goes out of the volume for that fulfills the fundamental beginning

of conservation of mass.

The flow of mass m and that goes out of the volume express by means of the following

equation:

m=p-Q Formula (3-2)



Where p is the density and Q the flow. If the area of exit of the volume perpendicular to
the flow it is to and the fluid goes out to a speed V, at the time the flow of mass it

expresses like:

m=p-V-A Formula (3-3)

3.1.2. EQUATION OF QUANTITY OF MOVEMENT

The equation of movement of a fluid is obtained applying the Newton's second law,
according to which the variation of the quantity of movement of a portion of fluid is

equal to the resultant one of the forces that acts on this portion.
F=m-d Formula (3-4)

Departing from the Newton's second law, the equation of quantity is established of

linear movement for a volume of control.
— i — —\ —
YF=g[,cp VAV + [, (p-V)VdS Formula (3-5)

It is a question of a vectorial equation, in which the first term evaluates temporary
variations of the quantity of movement inside the volume of control, whereas the second
term studies the quantity of movement that enters and goes out for the surface of

control.

These variations of quantity of movement between next and salient flow of the surface
of control, (considering permanent flow) they give place to a force on the body

submitted to study.

The quantity of movement obeys a law of conservation, which means that the quantity
of total movement of any closed system (or one that not it is affected by exterior forces,
and whose internal forces are not squandering) it cannot be changed and remains

constant in the time.



3.1.3. EQUATION OF THE CONSERVATION OF THE ENERGY

The law of conservation of the energy [5,6] establishes that the value of the energy of a
system isolated (without interaction with any other system) it remains invariable with

the time.

The conservation of the energy of a system is tied to the fact of that equations of
evolution are independent from the considered instant. It is to say, the fact that in his
temporary evolution of a system all instants of time are equivalent, it does that the
magnitudes of the same one change coordinated in such a way that certain magnitude

called energy remain constant.

The equation of the conservation of the energy can express by means of equation:

2loe+ D+ vlple v pra- 222t

Formula (3-6)

3.2. BERNOULLI'S BEGINNING

Bernoulli's beginning [7] affirms that the mechanical total energy of a flow

uncompressible and not viscous (without rubbing) it is constant along his path.
The energy of a flow can decompose in three types of energy:

¢ Kinetic Energy (Ec): energy of the fluid due to his speed.

e Potential gravitational Energy (Ep): it refers to the energy that it possesses mass
of a fluid due to his elevation I concern the level of reference.

e Energy of pressure (Epr): or energy of flow, it is due to the pressure of fluid

capable of realizing work.

Therefore, the total energy of a fluid, considered the ideal case, will be the sum of three

mentioned energies previously:

E,=E.+E, +E, Formula (3-7)
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If it thinks that the mass is the product of the density for the volume, in addition, if it is
supposed that during a pipe of variable section one passes ideal fluid, there is obtained

the equation known as Bernoulli's Theorem:

—_— E— Formula (3-8)

Where the subscripts 1 and 2 refer to points placed in the line of current of the fluid.

This theorem can be applied, for example, in pipelines where the flow it accelerates if

we reduce the diameter of the pipe with the consequent falls of pressure.

According to the equation of continuity and Bernoulli's equation if it diminishes
transverse area of a conduit, since it happens with the bridles, the air that it circulates
along the above mentioned conduit suffers acceleration in speed and one decrease in

pressure.

3.2.1. VENTURI'S PIPE OR EFFECT VENTURI

The effect Venturi [7] is based on a device that incorporates the simple one convergence
and difference across a section and it uses the beginning of Bernoulli to relate the speed

to the pressure of the fluid.

Venturi's pipe (Figure 6) it is used to measure the speed of the flow of one fluid. In the
throat of the pipe, the area is reduced of Al to A2 and his speed it increases of V1 to

V2. In the point 2, where the speed is maximum, pressure is minimal.

— | —

K S =

/\ /
\ v _

J %7 B

Figure 6. Representation of Venturi's pipe. Ref.[7].
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This device is in use for measuring the flow of a pipeline. When the flow it crosses the
throat of Venturi's pipe, the speed increases notably, and in consequence, the pressure
diminishes; the expense transported by the pipeline in the case of an uncompressible

flow this one depending on the reading of the gauge.

The pressures in the entry (section 1) and in the throat of the pipe (section 2) they are
royal pressures, while the corresponding obtained speeds in Bernoulli's equation without
a term of losses they are speeds theoretical. If they are considered to be the losses in the

equation of the energy at the time it is a question of royal speeds.

3.3. CONVERGENT - DIVERGENT TEWEL

The form of the bridles is alike that of a convergent tewel or tewel convergent -

divergent, depending on the case.

Since one has seen in the previous paragraphs the air flow that circulates for bridle
suffers acceleration in speed and a decrease in pressure when it approaches the throat
and later when the throat spends the speed it diminishes and the pressure returns to

increase.

Considering a stationary flow isentropic [5] that it circulates across one convergent and
divergent towel like shows in the (Figure 7), if it is reached Mach's speed 1 in the throat
of the conduit, the regime of the flow happens to be locally subsonic (low speed to
Mach=1) in In the section convergent, sonic in the throat (transverse minimal area) and

supersonic (top speed to Mach=1) in the divergent section.

12
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Figure 7. Scheme of the flow across a tewel convergent - divergent. Ref.[5].

It is possible to deduce that due to the fact that the flow behaves in an inverse way when
it happens of subsonic to supersonic, the way of obtaining speeds of gone out superior
to those of entry in a convergent - divergent tewel it is to come to sonic speeds in the

throat of the tewel.
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4. DESIGN PROCESS

4.1. WHAT IS THE DYNAMICS OF FLOW COMPUTATIONALLY?

The Computational Dynamics of Fluids (CFD) [8] is a branch inside the mechanics of
fluids that uses the numerical methods and algorithms to analyze problems related to the

flow of fluids.

CFD allows the accomplishment of detailed calculations of any system in which they
control fluids, by means of the resolution of the fundamental equations of conservation
of matter, energy and quantity of movement for the particular geometry of every

considered system.

The obtained results are the values of all the variables that characterize the system
(since it is speed, pressure, temperature, composition, etc ...) in each of the points of the

same one.

These simulations allow a new perspective of the problem that is not possible by means
of the traditional methods. In many problems the dynamics of the involved flow is
decisive in the optimization of a technology. In our case, the way most adapted for the
optimization of the bridles is the analysis CFD since his small size impedes the study by

means of a wind tunnel.

The numerical simulation has been replacing gradually the experimental methods used
for a long time in areas as the aerospace engineering. This growth owes principally to
the creation and improvement of the computers of high speed, since the simulation CFD
needs the manipulation of a great number of information, impossible to realize without

the help of a computer.

Actualmente el CFD se aplica a practicamente cualquier area de la ingenieria tanto en

mecanica, como quimica o tecnologia médica.
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4.2. STAGES IN A SIMULATION CFD

A simulation CFD consists of 4 stages: generation of the model 2D or 3D, mesh of the

domain, resolution of the equations and analysis of the results.

4.2.1. GENERATION OF THE MODEL

The generation of a two-dimensional model or three-dimensional CAD (Computer
Aided Design) of the geometry of the fluid domain it is the first step and is in the habit
of being done from the planes 2D.

The model must support the initial geometry and the relevant characteristics to capture
the flow there being able to be overlooked details that to level of manufacture would be
essential but from the point of view of the physical processes that happen they are
considered of void importance. In case of the bridles, they interest those zones that have
contact with the air by what there can be omitted some parts of the exterior geometry as

the hollows for the screws, etc ...

4.2.2. MESH OF THE DOMAIN

To divide the domain of the fluid in small cells called elements or finite volumes that

form a mesh is the second stage.

According to the characteristics of the geometry one is chosen or forms other one of the

above mentioned elements to obtain a better mesh.

The complexity of the physics involved together with the size of the domain defines in
outline the size of the problem and the necessary power of calculation. The density of
nodes or elements can change a few regions to others must accumulate a major number
of them in the zones where there are waited strong variations of some variable. It is
important to know in what zones major gradients are waited and to determine there a
thinner mesh. In case of the bridles, the interior zone and in I make concrete the throat
of the bridle it is the one that a thinner mesh receives. The quality of the mesh

determines partly the quality of the obtained results.

15



4.2.3. RESOLUTION OF THE EQUATIONS

The equations that govern the transfer of mass, quantity of movement, energy, etc...,
they are solved in each of the elements of the mesh generated in the previous step. Since
the equations that are in use are partial derivatives before it is necessary to turn them
into algebraic equations (introducing numerical mistakes of divide and truncate) using
the most suitable numerical schemes. This way it passes of having a set of equations in
partial derivatives on a constant space (x, and, z, t) to a finite system of algebraic
equations with independent discreet variables (x [i], and [i], z [i], t [j]). The number of

equations to resolving depends on the system.

Associated with the quantification of mistakes they find the concepts of check and
validation of the calculations. It is called a check of the model to the checking of which

the equations are correctly decisive.

This little has to see with the physics and is a question purely of numerical calculation.
The validation of the model, on the contrary, consists of determining adapted of using
the equations that really are solved as approximation of the mathematical model of the

physical process.

4.2.4. ANALYSIS OF THE RESULTS

Once solved the equations, he arranges of the values of the variables that define the
problem in each of the elements of the mesh. If in addition the problem is not stationary,
a set of information is obtained by every passage of time. Since it is of waiting there is
obtained a great quantity of information, between which it is necessary to extract useful

information.

To visualize the flow and related aspects is the best way of understanding the process
and going directly to the ideal solution. This part is the most important or though the
most interesting since the obtained results have to be interpreted and see if they fit with

the awaited thing.

16



4.3. NECESSARY SOFTWARE
4.3.1. SOLIDWORKS

SolidWorks is a program of computer-aided design for shaped mechanic. He is a

patternmaker of solid parametric, who uses the kernel of shaped geometrically.

The program allows to shape pieces and sets and to extract of them so much flat as
another type of information necessary for the production. It is a program that works

with base in the new technologies of shaped with systems CAD.

The process consists in export the mental idea of the designer to the system CAD,
"constructing virtually" the piece or set. Later all the extractions (planes and files of

exchange) are realized in an automated enough way.

4.3.2. GAMBIT

GAMBIT (Geometry And Mesh Building Intelligent Toolkit) is a program that allows

to realize all the operations of pre-accused for the analysis CFD.

His more important usefulness is the creation of the geometries, the generation of the
mesh, the possibility of examining the quality of the mesh and finally the assignment of
the contour zones. With regard to the commented in the previous point, with this

software the first two stages are realized.

4.3.3. FLUENT

FLUENT [9,10] a program that allows to realize the operations of accused for the
analysis CFD. This one elaborated by the company Fluent Inc considered as the world
leader in CFD's software. This software allows from a model mesh, to realize the stages

of resolution of equations and the visualization of the obtained results.

17



4.4. PREPARATION OF THE SIMULATION

In this chapter there are detailed all the steps that have been realized to go to end the
simulation CFD of the bridles.

4.4.1. CREATION OF THE GEOMETRIES WITH SOLIDWORK'S

From the planes provided by SEAT Sport and that are attached in Annex A, the

geometries of the bridles has been elaborated by means of the software SolidWorks.

Since it has been commented before, during this process it has been realized in
everything details the design of the bridles in 3D though they are not necessary for the

study of the same ones.

Figure 8. Bridles designed in SolidWorks.

18



4.4.2. CREATION OF THE GEOMETRIES WITH GAMBIT

Since already we have the bridles designed in SolidWorks, only we have to import the

above mentioned bridles to Gambit by means of a type of file IGES.

4.4.3. MESH OF THE GEOMETRIES WITH GAMBIT

The following step is meshing the geometry. The process of mesh consists in to divide
the geometry created in cells in those who later were calculated the variables of the

problem.

A previous very important step before creating the mesh is the utilization of " Sizing
Functions ", which serve to reduce the size of the mesh in those zones that we consider
to be more important or in which we wait major gradients. Applying this tool we will
realize a mesh of major quality and we will avoid a too small mesh in zones that not

need.

In case of the bridles, knowing the behavior of the flow and after to prove different
combinations has considered that the zones that they need q specific mesh they are the

interior limits of the bridles.

This tool allows a direct control on the distribution of the size of the cells, being able to

specify the following parameters:

e Start Size: it indicates the initial size of the mesh
e Growth rate: rate of growth of the mesh

e Size limit; maximum value allowed of the mesh

The concrete parameters chosen for the Sizing Function of all meshes appear in the

table 1.

Start size 0,5 mm
Growth rate 1,1 mm

Size limit 2,5 mm

Table 1. Parameters of the used Sizing Functions.
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Later the mesh of the geometries is realized.

Gambit offers many possibilities of mesh depending on the complexity of the geometry.
For two-dimensional cases the cells can be square or triangular. The square cells form
mesh easier to calculate, though they have the disadvantage of which they adapt badly

to geometries that not be basically rectangular.

To be able to realize a mesh in pieces of 3D we have to create first a volume of mesh
that will be that one that we are going to study. In our case it will be the whole interior

part of the bridles.

The following images show the steps followed for mesh a bridle in 3D in Gambit, first
where after having the designed bridle it is to create the interior volume (Figure 9) since
better be convenient for us for the study since it will be the studied part. They show also
the bridle totally mesh (figure 10) by means of a type of hybrid mesh with quadratic and
triangular, like that elements like the cut of the same one (Figure 11) to observe it with

more detail.

Figure 9. Creation of the interior volume for mesh later.
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Figure 10. Bridle mesh in Gambit.

Figure 11. Court of the mesh volume.

21



There are cases in which to simple sight, it is possible to affirm that a mesh is not
suitable for geometry, since it happens with the mesh of elements quadrangular where

they appreciate irregularities in the mesh.

But it is necessary to examine held up the quality of the created meshes to be able to

determine that type of mesh adapts better to the geometry.
Gambit has a tool that allows realizing this checking.

The skew is a measure of the quality of the cells, indicates the proportion between the
sides of the elements that form the mesh. His value is near to 0 for regular cells and 1

for the deformed cells. In cases 3D it is suitable that the skew of the cells is below 0.6.

The quality criterion that has followed to consider a mesh as suitable, it consists of
observing Skew's values of the created meshes and of verifying if this one below this

value borders of 0.6.

In the Figure 12 and Figure 13 show themselves the results obtained of the calculation
of skew of the mesh formed with triangular elements and of the mesh formed by hybrid

elements.

In them is observed clearly that the hybrid mesh fulfills the requirements of quality,

since it does not possess any element with a value superior Skew to 0.6.

On the other hand the mesh of triangular elements contains 10 elements with one value

of Skew very near to the 1.
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From value

Measured minimum value:
Measured maximum value:

Count in range

2.01181e-007
0.999949

% of total count (8582)

Mesh of face face.l contains 10 highly skewed elements (EQUISIZE SKEW > 0.97).

Total of 10 highly skewed elements encountered.

Figure 12. It reports of skew for the mesh of triangular elements

From value

Measured

To value

Count in range

2484
659
272
301

14

minimum value: 0. 00107438
Measured maximum value: 0.57289%4

% of total count (3732)

0 out of 1 meshed face failed mesh check for skewed elements (EQUISIZE SKEW > 0.97)

Figure 13. It reports of skew for the mesh of hybrid elements

The quality of the mesh has a great importance, since a mesh with very deformed cells

not only it can provide erroneous results about these cells, but it is possible to impede or

prevent convergence of the calculation.
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For it, if during the checking of the quality of the meshes, someone of them it does not

expire with the minimal requirements cannot give well.

To solve a bad quality in the mesh the “Sizing can be modified Fuctions " assigned but
generally the mistake relapses into the realized geometry by means of Gambit, by what

it must be checked to seek and to correct the possible ones mistakes.

4.4.4. DEFINITION OF THE CONTOURS WITH GAMBIT

The last step that is realized by Gambit consists of specifying the zones of the geometry

in that the contour conditions are going to be defined.

For it there is in use the tool of " Specify Boundary Types " that it allows to assign to

specific zones of our geometry a name and a condition of contour.

The contour conditions that have been assigned to the bridles are practically the same

ones for all of them and appear in the table 2.

Name Zone Contour condition
Entry Zone of entry of the flow Pressure inlet

Exit Zone of exit of the flow Pressure oulet
Bridle Segments that define the bridle Wall

Table 2. Boundary Types assigned to the bridles.
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4.4.5. EXPOSITION OF THE PROBLEM IN FLUENT

Once realized the model 3D with the mesh and with the assignment of contour zones by
means of Gambit, already it is possible to initiate the third stage of simulation CFD that

consists of the exposition of the problem.

For it there is in use the software Fluent 6.2 that the mesh allows to import previously
created to apply the equations and conditions that they define parameters of the

simulation.

All the images showed from now on Fluent's images will prove in 2D since a shear
plane has been created to be able to see perfectly what happens in the volume of control
since it is in what we are interested as that the exterior part of the bridles does not have

any influence in our study.

4.4.5.1. METHOD OF RESOLUTION
Fluent allows three types of formulations:

e Segregated "segregated"
e Connected implicit "coupled implicit "

e Connected explicit "coupled explicit "

All these formulations can provide precise results for one great variety of flows, but in

certain cases a type is better than different.

The differences between the segregated way and the connected one relapse into the way

in that the continuity, the moment, the energy are solved.

The algorithms of resolution segregated solve the equations of form sequential
(segregated one of others), on the other hand the connected one solves them of
simultaneous way. The methods implicit and explicit differ in way of linearizing the

connected equations.

Both approximations are applicable to all the flows from uncompressible up to the

strongly compressible ones, though the method of formulation segregated normally is in
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use for uncompressible flows or moderately compressible and the connected one can

provide the better one performance for the compressible flows of high speed.

In this case the type of formulation has been chosen connected implicitly.

4.4.5.2. EQUATION OF THE ENERGY
There offers the possibility of activating the resolution of the equation of the energy.

This equation must be in use when the temperature is a variable to having in it counts,

already be for heat transfer or because the flow is compressible.

Since in our case the flow is a compressible debit to be activated the option of the

equation of the energy in Fluent.

4.4.5.3. MODEL OF TURBULENCE
Fluent allows choosing the type of turbulence of the flow to studying.

The choice of the model of turbulence depends on diverse considerations as the physical
characteristics of the flow, the level of precision necessary, capacity of IT resources
which we have and the quantity of available time for the accomplishment of the

simulation.

To know who of the models of turbulence adapts better to our case there must be known

the capacities and limitations of the different options.

After studying the characteristics that the different models offer of turbulence, it thinks
that better the one that adapts to this case is the model Spalart-Allamaras, turbulence

used in the profile simulations trousers.

The model of Spalart-Allmaras is a model of an alone equation who can to predict with
accuracy coefficients of pressure, dragging and sustentation. It resolves the equation of
transport with viscosity. This designed turbulence especially for aerospace applications
and for mechanical applications that involve closed flows and with the aim to show

good results with conditions of contour you hold to gradients of adverse pressures.
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The Figure 14 shows the parameters for fault of the model Spalart- that are the used

ones in the simulation.

| Viscous Model
Model Model Constants
" Inviscid Cb1 =
" Laminar |°_1355
= Spalart-Allmaras (1 eqn)
" k-epsilon [2 eqn) Cb2
 k-omega (2 eqn) |B.622
" Reynolds Stress (5 eqn)
Cwl
Spalart-Allmaras Options [? .1
* Vorticity-Based Production Cw2
" Strain/Vorticity-Based Production |B 9
Options -2
7 Viscone Heati User-Defined Functions

Turbulent Viscosity

[rone 7]

OK I Cancel‘ Help‘

Figure 14. Parameters of the model of turbulence Spalart-Allmaras.

4.4.5.4. MATERIALS

The characteristics of the materials that form a part of the simulation have to be defined

in Fluent.
The active materials for fault are an air as fluid and aluminium as solidly.
For this study we consider these materials to be appropriate.

As for the air, in the compressible flows or flows in which it intervenes temperature, it

is necessary to have specially elegant with the definition of his density.

For fault it is constant, but in these cases it is in the habit of to being necessary to
choose one in other available manners. For the simulation of the bridles we will define

density of ideal gas.

The equation of ideal gas for compressible flows can express like:

— Formula (4-1)
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On the other hand, the solid materials only are in use in the conditions of contour of
wall or when there is a zone of the mesh that is defined like solid. The material in I
make concrete and his properties only have importance if calculations of heat

conduction want to be realized across it, and this one is not the case.

Materials ﬁ
Name Material Type Order Materials By
[air] [nuid ~| * Name
|~
Chemical Formula Fluent Fluid Materials Chemical Formula
| |nlr | Fluent Database...
Misdi User-Defined Database...
| ]
Properties
Density (knfm3) | [=
lideal-gas j
Cp [ifka-¥) | y
Il?on.sum.l j
[1006.43
Thermal Conductivity [wim-k] [0 j ;
[0 028z —
Viscosity [kgim-s) [constant j : | B
[1.7898e-05 - i
=]
ChangefCreate | Delete | Close | Help |

Figure 15. Parameters of the air.

4.4.5.5. CONTOUR CONDITIONS

There are defined the contour conditions that we have assigned in Gambit to some
concrete zones of our geometry. For compressible flows available conditions of contour

diminish basically to pressure and mass flow rate.
For this case the following conditions of contour have been defined:

e Pressure inlet: contour condition of entry, in which it owes to specify the total,
supreme pressure of velocity head (that depends of the speed) and static
pressure.

The total pressure in the entry is the atmospheric pressure that is equivalent to
101325 Pa, the static pressure in the entry costs approximately some 80000 Pa.
e Pressure Outlet: contour condition of exit, in which it is defined value of the

total pressure in this edge.
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The value of pressure of exit is an experimental value that it obtains by means of the

formula of flow strangled (Formula. 2-2) and it is possible to bring near to

approximately 50000 Pa.
Pressure Inlet
| Zone Name
entrada
Gauge Total Pressure [pascal) ]1 081325 Icnnslanl L]
Sup ic/initial Gauge Pr e [pascall [g0000 |constant ~|
Total Temperature [k} lg(m icnnslanl j
Direction Specification Method [Nnrma! to Boundary j
Turbul Specification Method | Mgdified Turbulent Viscosity :J
Modified Turbulent Viscosity [m2/s] ]9_ T3] ;cuuslanl :]
OK ’ Cancell Help |
Figure 16. Contour conditions in the entry.
Pressure Outlet E
Zone Name
salida
Gauge Pressure [pascal) 15 8088 Icnnslant
Backflow Total Temperature (k] 13 08 ||:uaslanl

Backflow Direction Specification Methole,mﬂ to Boundary

Turbulence Specification Method |Modfﬁed Turbulent Viscosity
Backflow Medified Turbulent Viscosity [m2fs] 10_501

Ledpo o flellel]

[:onstant

" Target mass-flow rate

0K i Cancell Helpl

Figure 17. Contour conditions in the exit.

These conditions of contour have been applied in the majority of simulations, though in
some the values of pressure have been changed of entry and exit, in these cases it is

indicated by that values have been replaced.

4.4.6. RELIABILITY OF THE RESULTS

After defining the parameters of simulation, we must impose a criterion of convergence

that it indicates when it thinks that the simulation has come to stationary condition and

it is stable.
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The program Fluent has a criterion of convergence definite for fault, though it can be

modified depending on the type of simulation.

In this case we have thought that the simulation converges when residual values of the

involved parameters are below 0.001, since it shows the image Figure 18.

The residual values are the result of dividing the current value of a variable for that of
his previous iteration. When this value is very small it means that he variations between

iteration and iteration are minimal and therefore that the flow there goes way of being

stable.
'Residual Monitors
Options Storage Plotting
I~ Print Iterations |1 LLT = Windowin =.
~ Plot EI Ej
Normalization fiereticie J1 000 :—_1
I~ Normalize ¥ Scale Axes... I Curvcs___i
Check Convergence =
Residual Monitor Convergence Criterion
continuity icd i |B.l:m1
[x-velocity ~ [o- 001

y-velocity

|

F;nergy v v IB.llli:i-
nut v I3 |ﬂ.001 =
oK | Plot I Fh:nnrm| Cancel | Help |

Figure 18. Criterion of convergence.

The Figure 19 it proves to be one of the graphic of residual values obtained in
simulations. There is verified that the parameters are decreasing and being kept more or

less stable below 10 exp-3.
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Figure 19. Graph of residual values.

The information that appears in the chapter 8 is the result of simulations CFD that have

reached these values and that therefore have converged.
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5. RESULTS AND DISCUSSIONS

In the latter chapter the analysis of the results is realized obtained in different realized

simulations.

After verifying the conditions of strangled commented flow previously, of observing the
geometries of the different bridles and of studying the possible conditions of contour
offered by Fluent; the select bridle to realize the simulations is the bridle restrictor

35mm. of diesel type and his diverse modifications.

5.1. CHECKING OF THE EQUATION OF STRANGLED FLOW

The first simulations that are realized have as aim verify if the equation of flow

strangled (Formula 8-1) it is fulfilled for the geometry of select bridle.

P
P—Z < 0.528 Formula (5-1)
1

Being P2 the pressure of exit and P1 the pressure of entry.

Considering the case of the bridle, where the pressure of entry is the pressure

atmospheric (101325 Pa), the value of the pressure of exit must be:
P, <0.528- P, Formula (5-2)
P, < 53500 Pa Formula (5-3)

According to this, while the value of the pressure of exit (pressure outlet) is minor that

53500 Pa, there will take place the condition of strangled flow.

For this checking different simulations were realized changing the value of pressure of

exit P2 to observe that it happens with the flow.
Concretely simulations have been realized by the values of P2 following:

e Pressure Oulet = 20000 Pa
e Pressure Oulet = 50000 Pa
e Pressure Oulet = 80000 Pa
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The results obtained of the previous simulations are summarized in the Table 3. The
values showed of speed and density is obtained ones in central zone of the bridle in the

indicated surfaces:

Mass
Speed in the throat of | Speed in the exit of .
Pressure Density | flow rate
the bridle the bridle . .
Oulet in the exit | of exit
(Pa) m/s Mach m/s Mach (Kg/m3) | (Kg/s)

20000 311.86 1.0081 447.86 1.5588 0.4343 8.209661

50000 311.72 1.0122 448.97 1.5560 0.4362 8.209876

80000 311.85 0.9666 199.24 0.5947 0.9905 8.209863

Table 3. Proved for different pressures of exit.

We verify that for the pressures of exit (P2) lower than 53500 it fulfills the condition of
strangled flow, there is reached Mach 1 in the throat of the bridle and the speed regime

happens of subsonic to supersonic.

On the other hand in case of pressure of exit 80000 Pa, in spite of that it seems to there
be reached the value very near to Mach 1 in the throat of the bridle, not it produces the

change of regime and the speed of exit is low than her of throat.

On the other hand, the results of density to the exit in the cases of pressure low they are
very seemed to 53500 I half-close to 0.4 Kg / m . Though the pressure of exit is

different, this does not concern the density due to the condition of flow strangled.

On the contrary, in case of pressure of exit of 80000 Pa the density is great higher
(nearby to 1Kg/m *), due to the fact that the pressure of exit is top and in this case if it

concerns the density because it has not taken place strangulation.
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Finally, we verify that the value of the flow mesh (Mass flow rate) that it crosses the
surface of exit, is very similar in the cases of flow strangled the variation is alone of

0.0026 % what confirms that though pressure of exit changes the flow it does not do it.

In the last case the value of Mass flow rate also is very similar to of two previous ones,
though this similarity cannot be argued because it has not be produced the strangulation.
Since in this case the density to the exit is superior but the speed is minor, the result
looks like others, but since strangulation has not taken place, this value of flow is not

constant if we change some parameter of the flow.

In the figures Figure 20, Figure 21 and Figure 22 it is possible to estimate the similarity

in behavior of the flow of the first 2 cases and the difference of these with last.
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Figure 20. Contours of the number of Mach for the case P2 = 20000 Pa.
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Figure 21. Contours of the number of Mach for the case P2 = 50000 Pa.
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Figure 22. Contours of the number of Mach for the case P2 = 80000 Pa.

I dress this, it is possible to affirm that while the relation between pressures should be

defined by the Formula 8-1 there takes place the condition of strangled flow.

But it is necessary to verify if increasing the pressure of entry (P1) can rise the mass
flow of exit. For it the results of two are compared simulations that fulfill the previous

relation of pressures, but that one of they it has a value of P1 top.

The parameters of the contour conditions (Boundary conditions) for raised simulations

are the following ones:

Case A

e PI1 (Pressure Inlet) = atmospheric pressure = 101325 Pa
e P2 (Pressure Oulet) = 50000 Pa

Case B

e PI (Pressure Inlet) = 121325 Pa
e P2 (Pressure Oulet) = 60000 Pa
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The obtained results summarize in the Table 4:

Speed in the throat of | Speed in the exit of Mass
Density
the bridle the bridle flow rate
Case in the exit

3 of exit

m/s Mach m/s Mach (Kg/m”) (Kg/s)
A 311.72 1.0122 448.97 1.5560 0.4362 8.209876
B 314.77 0.9958 445.34 1.5645 0.5133 9.816819

Table 4. Results for different pressures of entry and exit.

The results of the Table 4 for of the obtained results there is verified that in the case B,

which is that it has a pressure of entry (P1) top, the density in the exit is major that in

the case to, whereas the speed in the exit is practically same in both, by it there is

deduced that the increase in the pressure of entry several density of exit though not the

speed since this parameter is that suffers strangulation and is kept practically constant is

which it is the pressure of entry.

The results show a value of mass flow rate Superior in the case B, approximately 19.6

% more than the previous one. It was of waiting that this case it was top due to the fact

that the density of exit is major while speed is kept similar to that of another case.

5.2. COMPARISON BETWEEN DIFFERENT DIAMETERS OF ENTRY

Looking for a geometry that provides a mass flow with top exit to that of the original

bridle supporting the value of P1 as atmospheric pressure they have realized variations

in the geometry modifying the diameter of entry of the pipe that connects with the

bridle, to see in that way concerns the flow.
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Two additional geometries have been realized to compare them with the original one. In

they summarize the diameters of entry used are the following ones:

¢ 90 mm (original)

e 100 mm

e 150 mm

The Table 5 shows the values of speed, density in the central zone of bridle and the

mass flow rate of exit:

Speed in the throat of | Speed in the exit of Mass
Diameter Density
the bridle the bridle flow rate
of entry in the exit

3 of exit

(mm) m/s Mach m/s Mach (Kg/m?) (Kg/s)
90 311.72 1.0122 448.97 1.5560 0.4362 8.209876
100 312.33 1.0407 445.19 1.5693 0.4274 8.205594
150 316.73 1.0546 450.77 1.5514 0.3965 8.214005

Table 5. Results for different diameters from entry.
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The figures Figure 23, Figure 24 and Figure 25 show the contours of density to the long

of the bridle in three previous cases:
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Figure 23. Contours of density (kg/m ?) for diameter of entry 90mm.
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Figure 24. Contours of density (kg/m ?) for diameter of entry 100mm.

38

s derechos reservados
guztiak erresalbatu dira




.18e+00
.14e+00
.12e+00
.09e+00
.06e+00
.04e+00
.01e+00
B86e-01

DR & ~IO R U~
[+ ;18] ]
POOOBDDD
00000000
par - fharfar gy

WWEWELRRNOONDHH I~
=]
furd

Y G T A N AN
FP0002000¢00020008

SO0 5004 RNONENONNNOWNDOD!
0000000000
ol bl

Figure 25. Contours of density (kg/m ?) for diameter of entry 150mm.

The previous figures show the value of density along the geometry, is observed that the

behavior of the flow is very similar.

5.3. COMPARISON BETWEEN DIFFERENT LENGTHS OF ENTRY

It has wanted to be proved if the length of the conduit of entry can concern of some way
to the flow inside the bridle. With this aim they have been elaborated two geometries

with different lengths to the original one, concretely the double and the triple one.
The total lengths of the pipe of entry that have been in use sound:

e 70 mm (original)
e 140 mm

e 210 mm
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The results obtained of show in the Table 6:

Length of | Speed in the throat of | Speed in the exit of Densit Mass
ensity
entry the bridle the bridle flow rate
in the exit
(mm) 5 of exit
m/s Mach m/s Mach (Kg/m”) (Kg/s)
70 319.72 1.0122 448.97 1.5560 0.4362 8.209876
140 320.06 1.0157 447.62 1.5727 0.4315 8.209577
210 320.08 1.0222 449.53 1.5619 0.4324 8.202695

Table 6. Results for different lengths from entry.

It is observed that the density in the exit is practically the same for the three cases, with

variations of 1.09% in the case of 140 mm with respect to the one of 70 and 0.87% in

the case of 210 mm also with respect to the one of 70. With the speed of exit step the

same, the differences of 1m/s only suppose a 0.3% less in the second case and 0.13 in

the last. For that reason it is logical to think that with the mass volume it passed

something similar. The values of mass flow rate of exit present/display variations of

0.0036% and 0.034% respectively. We can conclude that in agreement with the

obtained results, the length of the entrance conduit seems not to modify the mass

volume. The Figure 26 and Figure 27 shows to the values of density throughout the

bridle in the cases of length 140mm and 210 mm:

40




9e-01

2e-0
Oe-01

NONBENONNINONUI O W U0 =W o)

WWWRWARARNUNODDONNNNOODDOOOOL s
tnmmmh
29009
o o
22292

SR o0
===
¢
o
2

Figure 26. Contours of density (kg/m *) for length of 140 mm.

Figure 27. Contours of density (kg/m *) for length of 210 mm.
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5.4. COMPARISON BETWEEN DIFFERENT GEOMETRIES FROM ENTRY

Seeing the results of points 8.2 and 8.3 we can deduce that variations in the diameter or length
of the conduit modify the values of flow rate of little significant form since they do not reach
1%. Another one of the possibilities to try to modify the exit volume is to modify the

convergent zone of the bridle, that is the part that precedes to the throat of the bridle (the zone of
smaller diameter). In order to prove this, modifications have been realized in initial geometry
(the bridle restrictor 35mm) and 4 different geometries have been created that they differentiate
with first in the convergence zone. The new geometries are denominated with abbreviations

A (Figure 28), B (Figure 29), C (Figure 30) and D (Figure 31) and are variations from original
geometry (Figure 32)

Figure 28. Geometry A.

Figure 29. Geometry B.
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Figure 30. Geometry C.

Figure 31. Geometry D.
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Figure 32. Original geometry.

In the Table 7 show themselves some of the parameters of the resultant bridles of the

simulations of these geometries:

Speed in the throat of Mass
Speed in the exit Density
Model of the bridle flow rate
in the exit
geometry of exit
m/s Mach m/s Mach (Kg/ ) (Kg/s)
Original 311.72 1.0122 448.97 1.5560 0.43616 | 8.209876
A 315.65 1.000 447.93 1.5753 0.4277 8.139819
B 315.86 0.9848 448.65 1.5508 0.4337 8.209714
C 310.83 0.9929 447.69 1.5744 0.4293 8.213228
D 337.10 1.0817 444.79 1.5718 0.4241 8.089943

Table 7. Results of the simulations of different geometries.
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Though the values of speed and density of exit in the central point are very similar with

a maximum difference of 2.8 % in density and of 0.28 % in speed.

The value of mass flow rate shows values seemingly more unlike overcoat in the
geometries: To (Figure 29) with a difference of 0.07 kg/s that it supposes 0.85 % with
regard to the original one and D (Figure 31) with it differs from 0.12 Kg/s that supposes
1.46 % with regard to the original one. Observing the geometries of these models, to
simple sight one does not find any similarity unless they are the geometries that possess

a length of the convergent minor zone.

Later the Figures 33, 34, 35, 36 and 37 show the evolution of the Mass Flow Rate in the

surface of exit of different geometries.

The values of the vertical axis have negative sign because Fluent considers Mass Flow

Rate to the exit negative, unlike that of entry that is positive.

The graphs show oscillations very declared in the first ones iterations that little by little
are descending in extent until they turn in a constant line. This corresponds with the
evolution of simulation, when the flow begins in transitory condition until it approaches

to the convergence where it happens to be stationary and therefore stably.

A value of mass flow rate stable is also a sign that the simulation is reached the
convergence. Depending on the geometry and on the parameters of the simulation this

can happen with few iterations or on the contrary after many.
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Figure 33. Mass flow rate of exit of the original geometry.
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Figure 34. Mass flow rate of exit of the geometry A.
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Figure 36. Mass flow rate of exit of the geometry C.
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Figure 37. Mass flow rate of exit of the geometry D.

5.5. COMPARISON BETWEEN DIFFERENT DIAMETERS OF THROAT

There has wanted to be studied the influence of the diameter of the throat of the bridle,

already that one of the parameters that defines the regulation for every type of engine.

A practically equal geometry has been realized to the original one with it differs in that
the diameter of the throat of the bridle (D2) is low, though the diameters of entry (D1)
and of exit (D3) they are equal. On having changed this one intermediate diameter and

to support that of exit obtains also a variation in the divergent zone of the bridle.
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D1

Figure 38. Diameters of the bridle.

D2

The values of the diameters of throat of the simulated geometries are:

¢ 35mm (original)

e 30mm

D3

The variation of the diameter of throat has been minimal, of 5 mm. of difference but it

has been this because the values of diameter of the bridles it is in the habit of ranging

between them 30mm and 35 mm. And a royal case wanted to be simulated to see like it

can modify this small variation.

The results of speed and density have taken in the central zone of bridle and appear in

the Table 8 together with the mass flow rate of exit:

Speed in the throat of | Speed in the exit of Mass
Diameter Density
the bridle the bridle flow rate
of throat in the exit
of exit
(mm) m/s Mach m/s Mach Ke/ ) (Kg/s)
35 311.72 1.0122 448.97 1.5560 0.43616 | 8.209876
30 311.83 1.0016 447.49 1.7522 0.34562 | 7.017468

Table 8. Results of the simulations with diameter of different throat.
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In this case we observe like in case of diameter of throat of 30 mm. the value of the
mass flow rate is almost 15% lower than that of the case of diameter of equal throat to

35mm.

The speed of exit is 6.35% top in case of minor diameter already that the flow flows
with major speed due to the fact that the diameter of throat is minor. On the contrary the
density is 20.76 % low in case of minor diameter due to his direct relation with the

pressure that is inverse to speed.

The small difference of Smm. in the throat he supposes a difference in mass flow of exit

of 1.19 Kg/s that is the biggest variation of all the realized ones during the project.

The Figure 39 and Figure 40 show the graphs of density and the Figure 41 and Figure
42 the speed graphs of the bridles of 30mm. and 35mm.

Ge-0
Qe-0

Figure 39. Contours of density (kg/m ?) of the bridle of throat 30 mm.
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Figure 40. Contours of density (kg/m ?) of the bridle of throat 35 mm.
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Figure 41. Speed contours (m/s) of the bridle of throat of 30 mm.
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Figure 42. Speed contours (m/s) of the bridle of throat of 35 mm.

In the previous graphs it is possible to estimate the difference of diameters in throats of

both geometries.

In the speed graphs it is estimated as the changes gear they are one little more declared
in the geometry of 30 mm. Due to the fact that the speed it increases with more rapidity,

because of it the speed value in the exit is top in this case.
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6. DISCUSION AND CONCLUSIONS

The aim of the project is the optimization of a bridle of admission of one car. For it the
analysis CFD has been in use for realizing a series of simulations changing different
parts of the geometry of the bridle for to observe that it happens with the air flow that it

crosses it.

After verifying that for the select geometry the condition was fulfilled of strangled flow
given the parameters of condition of border defined in Fluent, modifications have been

realized in the convergent zone searching to increase the pressure of entry provided that
it is the one that influences directly in mass flow of exit once has obtained the strangled

flow.

The results of these simulations have showed variations little significant I concern the
original bridle. By what there is deduced that not even the diameter not even the length

of the conduit they modify or alter the flow of exit.

On the other hand, the simulations changing the convergent zone of the bridle, they
have showed more unlike results in the geometries that less they look alike to the
original one. Observing the values of mass flow from the geometries A and D and
seeing that is in them in which there takes place a flow of minor exit, we can suppose
that the bridles with a shorter convergent zone, it is to say, which have a convergent
zone of fewer horizontal distance, they provide a flow of minor exit that other long

billiard cues.

The last simulations comparing geometries with diameters of throat low, they show a
flow to the original mass one of low exit, for what we can affirm that to major diameter

of throat, major mass flow of exit.

This project and his results confirm the efficiency of the bridles of admission since
there is demonstrated that given the condition of strangulation, it turns out to be difficult

to increase the mass flow of exit.

Finally it can use as base for another project that studies more variations in the
convergent zone to confirm if it is the length of this one the one that reduces flow.
Another interesting serious option to realize variations in the diameter of throat climbs

minor to try to find a direct relation between this one diameter and the flow of exit.
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8. APPENDICES

8.1 APPENDICE A. DESIGNATION OF THE EQUATIONS

Ne:

pme:

vt:

vC:

SC:

The effective power of the engine

The average effective pressure

The total cylinder capacity

The regime of chaft or number of revolutions per minute
The number of cycles for every return
Density

Pressure

Mass flow

Volume

flow rate

Velocity

Force

Mass

Time

Volume of control

Surface of control

Surface

Height

Constant of ideal gas

Temperature
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Ec:

Ep:

Epr:

Kinetic energy

Potential graviational energy
Energy of pressure

Inlet section

Outlet section
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8.2 APPENDICE B. FIA

The International Federation of the Car, usually recounted as the FIA, [11] It is the
entity that regulates the principal car competitions. It has his principal headquarters in
Paris and it is shaped by 157 organizations natives affiliated in 118 countries in the

whole world. His current president is Max Mosley.

The aim of the FIA is to establish an union between his members, principally with the

sight in:

1) To support a world organization defending the interests of his members in all the

international relating matters to mobility of the car and the sport of engine.

2) To promote the freedom of mobility across an attainable way, sure, and clean, and to

defend the rights of the consumers on having travelled in car.

3) To promote the development of the sport of engine, delivering a judgment,
interpreting and making fulfill the common rules applicable to the organization and to

functioning of the events of engine.

4) To promote the development of the facilities and of the services of clubs members,
associations and federations of the FIA and coordination of reciprocal services between

the members in benefit of his individual members on having travelled abroad.

5) To exercise jurisdiction regarding the conflicts between his members, or in what
concerns that some member has counter come obligations written in the bylaws, in the

Sports Code International and in the regulations.

6) To preserve and to preserve all the documents relating to the world of car to

remember his history.
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Nowadays the FIA regulates, between others, the following events:

- World Championship of Formula 1

- World Championship of Rally

- International Championship of Formula 3000
- Championship GT

- World Championship of Go-cart CIK-FIA

- World Championship of Tourisms

- European Glass of Trucks

- World Cup of Rally Cross-Country

- Championship of Careers Drag

- European Championship of Autocross-country race
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8.3 APPENDICE C. PLANES OF THE BRIDLES

In the following pages the planes of the bridles are provided for SEAT. The planes are

not to scale since the dimensions were overcoming size DIN-A4 and it has not been

considered to be necessary for his observation said dimensions.

The bridles that appear are the following ones:

1. Key: PTDI 145 563

Name: Bridle restrictor 35 mm.

Car: diesel

2. Key: PTDI 145 563 To

Name: Bridle restrictor 35 mm.

Car: diesel

3. Key: V131 129 550

Name: Bridle restrictor 34 mm.

Car: WRC
4. Key: V131 129 520
Name: Trumpet admission

Car: WRC

5. Key: V2GT 145 183

Name: Trumpet admission I disturb

Car: GT

6. Key: V2GT 145 563 To

Name: Bridle restrictor 31.9 mm.

Car: GT
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7. Key: V2GT 145 563 B
Name: Bridle restrictor 30 mm.

Car: GT

8. Key: V2GT 145 563 C

Name: Bridle restrictor 29.3 mm.

Car: GT
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Ne:
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vt:

vC:
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entity that regulates the principal car competitions. It has his principal headquarters in
Paris and it is shaped by 157 organizations natives affiliated in 118 countries in the

whole world. His current president is Max Mosley.
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8.3 APPENDICE C. PLANES OF THE BRIDLES

In the following pages the planes of the bridles are provided for SEAT. The planes are
not to scale since the dimensions were overcoming size DIN-A4 and it has not been

considered to be necessary for his observation said dimensions.
The bridles that appear are the following ones:

1. Key: PTDI 145 563
Name: Bridle restrictor 35 mm.

Car: diesel

2. Key: PTDI 145563 To
Name: Bridle restrictor 35 mm.

Car: diesel

3. Key: V131 129 550
Name: Bridle restrictor 34 mm.
Car: WRC

4. Key: V131 129 520
Name: Trumpet admission
Car: WRC

5. Key: V2GT 145 183
Name: Trumpet admission | disturb
Car: GT

6. Key: V2GT 145563 To
Name: Bridle restrictor 31.9 mm.
Car: GT



7. Key: V2GT 145 563 B
Name: Bridle restrictor 30 mm.
Car: GT

8. Key: V2GT 145563 C
Name: Bridle restrictor 29.3 mm.
Car: GT
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ANEXO A. FIA

La Federacion Internacional del Automovil, usualmente referida como la FIA,
[12] es el ente que regula las principales competencias automovilisticas. Tiene
su sede principal en Paris y estd conformada por 157 organizaciones
nacionales afiliadas en 118 paises en todo el mundo. Su actual presidente es
Max Mosley.

El objetivo de la FIA es establecer una unién entres sus miembros,
principalmente con la vista en:

1)

6)

Mantener una organizacion mundial defendiendo los intereses de sus
miembros en todos los asuntos internacionales concernientes a la
movilidad del automovil y el deporte de motor.

Promover la libertad de movilidad a través de una manera asequible,
segura, y limpia, y defender los derechos de los consumidores al viajar
en automovil.

Promover el desarrollo del deporte de motor, decretando, interpretando y
haciendo cumplir las reglas comunes aplicables a la organizacion y al
funcionamiento de los acontecimientos de motor.

Promover el desarrollo de las instalaciones y de los servicios de los
clubes miembros, asociaciones y federaciones de la FIA y la
coordinacion de servicios reciprocos entre los miembros en beneficio de
sus miembros individuales al viajar al extranjero.

Ejercer jurisdiccion en lo que se refiere a los conflictos entre sus
miembros, o en lo referente a que algun miembro haya contravenido las
obligaciones redactadas en los estatutos, en el Cddigo Deportivo
Internacionales y en las regulaciones.

Preservar y conservar todos los documentos referentes al mundo del
automdovil para recordar su historia.

Actualmente la FIA regula, entre otros, los siguientes eventos:

Campeonato Mundial de Férmula 1
Campeonato Mundial de Rally

Campeonato Internacional de Férmula 3000
Campeonato GT

Campeonato mundial de Karting CIK-FIA
Campeonato Mundial de Turismos

Copa Europea de Camiones

Copa Mundial de Rally Cross-Country
Campeonato de Carreras Drag
Campeonato Europeo de Autocross
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ANEXO B. PLANOS DE LAS BRIDAS

En las paginas siguientes estan los planos de las bridas proporcionados por
SEAT. Los planos no estdan a escala ya que las dimensiones superaran el
tamafo DIN-A4 y no se ha considerado necesario para su observacion dichas
dimensiones.

Las bridas que se muestran son las siguientes:

1. Clave: PTDI 145 563
Denominacion: Brida restrictor 35 mm.
Automovil: diesel

2. Clave: PTDI 145563 A
Denominacion: Brida restrictor 35 mm.
Automovil: diesel

3. Clave: V131 129 550
Denominacion: Brida restrictor 34 mm.
Automovil: WRC

4. Clave: V131 129 520
Denominacion: Trompeta admision
Automovil: WRC

5. Clave: V2GT 145 183
Denominacion: Trompeta admisién turbo
Automovil: GT

6. Clave: V2GT 145563 A
Denominacion: Brida restrictor 31.9 mm.
Automovil: GT

7. Clave: V2GT 145563 B
Denominacion: Brida restrictor 30 mm.
Automovil: GT

8. Clave: V2GT 145563 C
Denominacion: Brida restrictor 29.3 mm.
Automovil: GT



Estudio y optimizacién de una brida de motor de un coche

60

€96 S¥1 101d | OO0 OO0 COCO,
od e
w —<uw 3-H J-88.2 081 SOPIPAR
funivsung O0VIWH
Wl GE S0§O144804 BPYig H °
............. I il st | el
/v | - -
w‘ e g it = bop <
[ :
L)
L
e !
G
Vg T T
T ,
T
00IHYN—
T P&
i SN * ®
2] 6é
=
3-3 101209§ ; 00 U03929g ,
I T
g I
S
T = |
e Rk % =
_ww = E_.Esi/ | =
I XK = b =
iz Qg S R an T & S P z B S &
- = - \m\a == k i
2 — B : <o
gy A T /(- &l
ESST N , o Y
- £l
Y \ A
_ A&ep S 2
2 v
v'e A
104 oz \.
. /\ p_—i
et
A ]
— Mgy E
L ¥-y U01223g 2
[ 2
TR
L ] g v SE i e I 7Y




61

Anexo B. Planos de las bridas

SIS S

910434 9p 49|2395

Y dod pysp

WE
NG
AT Vg o7

(W) nea?

g

W ST
ko

(0 sy eu?

®D

T

Ty

[ERLIEEES

[

-4 101238

DEED




Estudio y optimizacién de una brida de motor de un coche

62

3P0-5)04SHIBM 3ISEY APSHAIAYL - - BuNpARRG 1 3ZSewyansg 2z5RWANYG “ azsewfieysny azsewsbuniyi0p BZSRWH0S{UOY szsewsbnzag, | ity

1erageu abipg) < SBIG3Y 5840 sajpuopuny $240) = pepunfias ap seyo) < sajuasssaud seyo] < saseuwnasd sejo > joyuod 3p mﬂouﬂ ) epuasayas 3p seqo) WAZY'£0700ZS O4euna;
uoA . . . . 3 'S9ZJNISUBYIRE}EG) UAYISIRIBL YISSaYISUR 113)6i14ay Sep yan) uapab azse Ay
Z . ONm m. N_\ _\MF> X4 olgsal ojuBNNGNIES fB opuaknjulepeulay ezaid e} esed Sepien USS Seppaw S| Sepo}
| e ) . 13
sfon 7 I\_ll 83 010 Ml S0 L€ MA
T N . -0 0= UBJURYIAN S JOYNRNALIR] 4350
oy IN-Y3Y 7o 20
[A4 0jewsoy aney) [geyszsel seRIS3 oL . unbas sezaid se} ap seysMY upbas (epyJadns pepisobny
6 TS 2ueiepy auyo szsewnuay |9
W-894Z OSI-NIO UupD3S SBPURJ3ICY UIS SEPIP3l |2 43N} URZURIBIOJUIBWABY
|funuuauag 2 *RIURJANG; WS SBi0) eJed
m sepywsad S2UCNEIASI]
uoisipe ejadwod] 3
L e TRTET YL asuwoug e mz%»
R > opedery
N-sdw)) - ] arbly
~1dsb-g g E B
0-"edwo) Bunbij s [TRCRYETY w. AL ,m -
b "INV 0d110104d | jauylase g ==
M--adwa) ‘ON-Y3 uaionsfi/jen oy opeynage) (A3 (AR
R Z4NyISUBYIaR) Al
] 05 160 MA uphat Blubtanaag ; [TESTE
g g 9001 = 003
5
a0 . SIXSL @ Opuopay 99
— ‘ON-*INJ finazaie sopegesewsas 0)anposg|
O4SIA &
o Bdl 0¥S=wy 91 =
86°£0C DUNIPURYATYJOISHIAM /IBWAIRY 13D OJUBKIR €1, -
wnjeq /eyeg —i
WY . S£04 NIG omnunyy
-zagopefnqu] JOISHBM /R3S
water 100 Zn m 100 WL Ge| a
e _\ .
30pUa100)) V'€ WA jessenpg-uajsds sewaysis ap ofipoy 3
“24pnEp CutuBe WSA ) SENURGIISD 3p 056D U RPA0T BJPIU) 33 JEIS] B UPIINGeds ¥ W e
S5 110 MA 1B Guni3puBy PR GUN:3;9iS3 U0 Gealiuausg sun 1aq © B pun ~0% A 5 apar |
‘v ony - se owone YaONS - V'S Lv3S - OY NIIYMSHIDA . =
1aq apazy ane ueben ‘UAUAISAR 3L Bunuquaia) JARISEEA OPO SIZVTEG P PUNIBINR ARIZIS 14 1:anos (),
G5 10 AAA U3 CpaIME 3D SSUSENPPGY A 1RO QUISHAUN 13 el UDIEqOIdE
“upEngusip & upMpOLtad B SO ajuBusRI wadss) 3 S350 50) S0PAJ SOPRASISNY L
gy gny - 's'e owoyne YOOM3 - V'S Lv3AS - 9V NIIVMSHI0A
2 aralioyiad ORUNIOD 3153 2 CPUBUO) o TONGERM
SO4RLEP 0] 5705 ‘GHEAUO) 0 OIMES? K00 A0S SN SINGUE © OPEZUDINZ BiS3 0UANR{ b A vezyuesel ewzg(T)
Y P : : : A BiSIA
055 6ZL LELA uod efeluy ., ~ |
~ _ ]
1iZ e1e3sy
d sneded
J
)
s e e
A h 2B
e AR q
- b
=3
9 og
(4 m
(g
swoet . v
¥-y Ugnias
~uN-sbeujuy -Bunsapuay -
s |2 pun Bunuzpuay 3p BUNQILISEE o umeg . uafizyaiun
anidag URENHIPOY 3P b i P SO fLawndog
opeqoxdu} uonyad ef 3p ‘on A ugnd -oudy |3y |ugnenys oy « ] L q S _ ] € 7 1

up



63

Anexo B. Planos de las bridas

3p0)-4104S3uEM
je1sa4ew 06ipoy

azsey aydsysuoayy
SeI034 $810)

=)

Bunjdarag i azsewsansd

sajeuanuny seya) < pepunbas ap sejo)

azsewpanIg

azsewpeysny _ szsewsBunjyaniop
sauejeud seyo) = saseumnasd sejo) ¢ >

azseujoluDy
j0uu03 3p sejont !

azsewsbnzag
©ua:3dy 3p $2403

(]

wioy
WILV'E0°00ZG 04RO,

P . . . .
D .
Heig - Omm @N_‘ —\m_\> L3
b eron
o Jew0g “IN-HIL
ojewdo4 anep) | qeyszseyy sepensy
N
3
soang| & B3
wuw JOJOWISad epid OG-S
; R ¢m . ,F . # o vﬂ.,m_num;_._ﬁ__..mﬁ_ ‘G WeaRu|
RGeS 5 3
N-*adwin}|
RGEGE)
0-"4dwo) a4 QINSIaA
3055~ M| SNSY3 | UQnpeag 0dyo10s4 | J3uyiass
M-rudwa) ON-v) uabonal/jenyay ope|nR) Amv:.m.ﬁ%wlw,
ww..as_.uw Wgog=a omumE 110 OPRZPOVY )} 05 £EL MA :w_wﬁum&m mm.w_%mm
*303
-shaey 3 15%08%
—| “oN-IN3 Bnazqlen /opeqeress 01npCig
048,
= BdlW 07S=Wy 9L
86°£0°81 BUN|PURY3QJ04SHIIM /1B1{EW [9p OfUaIRYE ]
wnjeq /eyiad|
WY S04 NIg owiwunyy
*233_/opelnai| HoySEY /ENa ey

(1 az (WL Qe| ar

900°L°¢ WIN

Jessanyas-uagshs /eusysis sp obigg)

UpIEp CURUBIE SN €] SEPURGIASP 3P 051 U3 AN CLRSUC) 35 RUSDS3 © UGG 81

'S5 L0 A YR GURJOPUY pun EUR.DJINSI3 Uon BUBuRIY 'Sun 3Q “I1seQeaEM pun ~sadoy am “subjaqsbunlanyua) By
"9V 10NV - S'@ 2A0IQOWOINE VONS - V'S LV3S - 9Y NIDVMSHIOA

190 24 B0 WA HIINZ U4 DRI APIIRINSA JPD SIEISAY S PUNDINE SIS 1 3405 (T)

“5G 10 MA 40D ORIEMR 29 Sou u & o assuuns 13 eded ugnsqoude €]

GuSp & O0PAsia0 3 S0] DsLIIE] ‘PENIGUOVSD 9D SOUED SO] 300y SAPRAIDSDY
oY 10Ny - 'S'® erojqawoine YOONS - V'S 1V3S - Ov NIDYMSHIOA
© UBDlaLIod QIUALNOP 24D F CPLRAE) e SONGERI

5043390 50) SOPOJ ‘OEAIUCY O O4N4RISI 00 SAUIUE SHNIDRN ISHAQUIC € ORZLOINE R4Sd 0ad3y 1l anb venyuesed ey (D)

599

N
j¥4

1¥Z ejRds3
NECHEE]|

axglaw oju

“S3Z{NYISUBYIRLNIBI0 USEISHRIAW YINSSANYISUS asbiusy sep sony uapab azsel Ay
4gn33J 18 OpuaANpUYepeuIa) ezaid e} BJed Sepiga UCS SepIpaw sej sepo)

& I\L‘I 89 010 MA|
o/ iy uagURRIANS M

unbas sezad se] 3p SEISWY

S0 LEL MA
JIBYNRJUBYIBR 1300 |
upfias jenyadns pepisebny

v

o zuEmEL Swp azsewLEN
W-89£Z OSI N unbas sepueJalo) IS SepIpall Z 38Ry UBZURIA)0JUBWRONY
2| emuesio) us sejon eaed
g
]
N E:»._m; u3 onammm%
7
&
g
2
3
= 06 =
207 = 021
0001 = 00y
N d
3 /\ur y I/\I'/
TSR / N
e 00567 A \
L
mé 2 ]
USRI S . A S - ~1_—
,_ AS
e
i
&) T 1 T~
2/ RE7AN
b
% b JR—
. W.Q o JopR4Ul B 0pOj B 7 Vi
SPS0 1 LA A G
~—— ~ T
1 N vg
58 . 2
had 20
3
LiZ eedsy N
N
d @neieQ
AT
$0°0-
EIRD
/7
S 'Q '
g e
e s mo.“uN WS
P= 2 N SR S - - I DR | A <3 9%
55 R = ] El
CIBRs N e B sk
i o =
& e B8
\§ /%
2
187
Xy
A4 )
95

Y-y UDDI3S

“IN-sbeyjuy-Bundspuay -
B | pun Bunsapusy Jsp BungaEsysag 3 o o uzbeyiajun
st Uoneopou 2p ] R o s0jUBWNI0N
pego600) uoniad 2 ap -oN 4 ugndusag oy | BY 1ODBN4! W _

up



Estudio y optimizacién de una brida de motor de un coche

64

i ! 2750W] [0fSBY

5 S sauan

a1sousbnzog
2 sp ooy C ) ey r0-00zs opousey

wioy

ion
i b

noig
! ooy

ooy
v ojouseq

€81 Gl 19¢A 3¢ ,ﬂ/

TI-ltalL
20013 | q§s280K [0{D05]

| funvusvag

[ ouiwenag|'

Buab1 ey [EZEY
CIi-y3ugraanposgl edijoqesg fouydaise
“ol-¥3 aBoAsh 1032y opoIn310)

ww GIxoLP opuopay

5022q 0 OPOGOIL WIS 0} MPI 1Y

20°L0°ve

PdW 0vG=WY 91

Bunjpuoysq) oysyon /j01I040W [9p OfUSLUDIDI]

wajog Joy2]

1ar

‘239 opofngig

GLOL NiQ otuiwny

H04sYI9 J10HIR40K

(Z1) a2 ML 0|t

6-A ¥IINTONT 044

$D 0A0| 140W0LAD

[N
90782

122 0[0383
f21e4

21611703 sop sm) Ua§13b T30 o3y
0304 SDPLIDA YOS SDPIPIW 50} SBPS}

28
E.N YRJULYY IR
" uaas spzs1d $0p 3p $

34 5-8912 0S1 IQ AB3s 012003]0} U] SOPIPAR

uabunyaouag jSINOLI0AIBSAQ

B1y1a
opogR Y

H=0=

(AR [

900 = 02l

[

6001 = 00F<|

DOED

¥e8
T/ o
NPT N |
{ .
7 _
1
\ 5
< \\
S
e B E AL F L
..IN, ..AM\. S—
| e
1% g
KTk 2 W
54
5y
so'oit v
y-y vo1299g
L il waboyajug
by o35} §04UBWN0Q 3 7 s I 7 c _ 7

up



65

Anexo B. Planos de las bridas

9p0)- 304839 Bunjsamsg yiw o250wjansg 2260wpon g azsow(ojsny _ azsowsbuajystisopn 250U {0300) 3150WsEnTag Wio3
_ jo13qow obipey > ¢ 210001 2un) §0409 = popiinbas ap s010) © 3403105230 50407 = saspuwi(sd s930) < > jossued ap spjoy oi5ua19)01 3p 50300 L ) HIRYT 1070025 opowioy
wor . B - - . TSAT3RYITUIEIID|§ 3340 VaYIS 24125 sop sony wsyjeb o750 23yy
i P 031{pjal 04u21W| Q1231 |2 OpY H 2§ 0231d ©] 0Jod SDPLjOA WOS SOPIPIW SO} SOPO]
] Heolg Mwm m . ON : 98 010 WA
E < V _ .—r > 1 u.eq_ 431UDYY32035YJ3R
2y s HH-1191 uabas 501214 sD| 2p SO481Y
oppusoy 2401 | qoys1s0g foj0383 7 a
w 34 §-8912 081 HIQ unBas pioUDIDj0} UIs sopipag |2
| Bunuuauag @. 2
s, 4 2001201453
T : JOLd1 3189t DpI ) H
W §7IE 4042124500 0PI, {1y
g s
Bl 9=
Bunbijiay [HHEN 2 %=
TIN-Y3 {ug120npoag odijoqosd {yavgrasie - S s9=<
“op-y3 uabokabyjon oy 0po[13]0) (b ﬁu%ww ¥ %9 021 = 0% <
ugbs¥ ojus et ihn>ey i 1 o0 =02l
: 507061 0001 = 001
A ww 09x0g @ opuopay ! . &
TON-TIN3 bno2qiof foppgod0IWas 010poIY ~ [ 3 W
OdW 07Gzuyd. 9L T < v Ji
207102 5Un|PUDYRq)10FSYIOR £101I2{0W [9P 0§UIIWDOI] | i~ % / _J
whpg f0Yd%4 Ty Q. 1
3r GLOL NIQ oluiwnyy & 1 e i w
“229 opofagig| ~~ 1l 39K 110143}0K e koY loo @
= e e e |
(D @ (L) 0¢ [ q) s JV & i
>, — =
210002 Y3INIONI/0dd 19583045 3p ob1pey w@/\ = > 3
L] -
S5 110 Mh 4300 butszpray 1'|wlh S0 <SS
"oy 1any - ouoinD YOO - V'S 1V3S - 9V NIWASHIOA = 112 ppIsy g =3
199 313y 2110 WBa1 “urESET TR L 2 a]|pjaq =3
— 132 DIp383 . L
oV 1aav - 3|03
7 #tiokag A
©) )
o2l
=
a
(187768)
“
T B %l 5
=3
7/
4 Wy ¢
IS8 QS
% E = | 3
=, A A RN | I |~ =
S S i H- -
fo = o
o = 1 2) * > s
= = 4 b=
> > — ~—
g
€87
T —
[N
Y-y voransg
A
G2G°¢E P33 oJjaubip opRiijIpel €0°20° 12 i
" T vaboyajup
opay |woroapis | oy so4uswndoq 2 1 9 S v ¢ m L
T T :

up

sty dira



Estudio y optimizacién de una brida de motor de un coche

66

1004] Bunyonag 41w azsoujonlg 2250uy301¢ T azsowj[ojsny _ azsowsbunyydsssoq 250] [0 3400y

— pO)-1 04 SY IR azsousbazag wiog

; ~ ™ - - - . A to11940u obrpgy > < 14934 $040) = 5910001501y $040) T popranbas ap 5050y = sapuasssaid sojoy = s 0y (1 s op soyon ' ) WiZ¥"L0°002g ofouwso,
i p -\ !
T : . . ww o¢ oprig :
' 11018 .
w8 €99 G 19¢A 1
Ty ERI (W 7 03}5f D] 3p UIW DINE|D) {
| opouoy 05 | qoysason jo00s3 OVINH . unas soza1d sof 9p
-4 3-8902 081 RiQ unbas o1ouvsajoy wis sopipap |
£anuuauag 3
JO}d1fsar PPy , z
......... F2LIHSST PPUIE g L
g s -
g 9=
TIN-¥] | ol odi403054 |fouyrasss 3 0E= 9=
*oN-13 uabomabyonyry 0po|n>10) [ tAT) | = CE
W 15922 0v9K |jo 0sB5u apozipouy ,jiiY 1 HXE=M " 1 200 = 021
TN me\k& ﬁc*N [4 0001 = 00p=< 4
ON-"1N3 Baazqyoy soppqodowas ojanposg 3 ) e W
L STwy 91 pd _.OT - N
bun|pubyaqyjoysy sy /|0t1a40w [3p 04batwD|0l] \ fro H —
wnjpg /oy304 20+ 2 - S | |
o = €92y
e 1o BOH dW 07§z 91 GLOL NIQ oluiwn|y , & = 2 A S
9 Jopofngi( 1403834 /[01I940H = ,W\ S N O =
(1) a2 (L) a€|ql - S 5 FE K 1 —— " — i |
IS % s = = 2
210002 Y33INI9NI/0 44 = ] N§% = = 3 = 3
E 300 Guniapusy & e o
110 M ¥ Pt T ) = 22 01038 SIS0 == JM
190 24y 2470 wba1) ! 2 al[o4eg FJ =2 P e N
12 opasy ot 7 n
1 219420 “
£84233p £0] £po] “0§D1JUGY © OYRJO}ES Jod $3I01 12488 5032 10p ”
= 081 D §3324 7 JDIIDY
OpDIIDY 3p DUO]
q
(98} °6¢)
= b)
1S3
b=y
H - e — I
; = o oo =
=2 i
o= 7
&g 7 -M. g
& 7
o Ty, |
€92
S ———
2
7798
Y-y vo1293g v
Y01230poId 10> 0pozt(pRjdy
0§02 pIpRYY €0 80°6¢ }
m__.aaw » p b g uieg waboysatup
oo sden) o1ty 3 op L uoradiisag Y sofuaunI0g 8 1 9 S _ 4 £ ¢ !

A

up



67

Anexo B. Planos de las bridas

10 azsoW)an g 280uj004 I stsowjjojsny 22600 034u0y s150ue6n23g wioy

2p0)-31048Y 9
% 5120700 abipsy ? <

©) = popiinbas ap s0j0y  sapussejasd soje) = jo9 ¢ 2 a3 op soy0n b HIZY" 1070025 OsPwIOY
: o - - - et sop o ot 18 o o1y
3p . 031 |psu of 140390 |4 opuakngdu) ‘bpoy 0ibd SDPLIDA ¥OS SDPIPAW SD] SDPO)
W ¢'6Z oplig v 4
| v ‘ : N ‘
ol U M om m A ._.ON>_ " Il (W 7 D4ge| BY Op LlW BINJD) N_sﬂ st T
2y oo z:e_ Lt unbos s0201d so) 3p Soysiay upbas Jaadns pop1sobay
ojiioy 13| dskezsop foqoosy QYUK - 1 13
&> 30 3-8312 051 RIG utbos Disudoje} uis sopipe | S o
L OO®
N . 100-4 g
| WW g6z Jo4o1dfsed _ohv._ hmm ) R
g [EETIT I -
E ofabuy
Funb11e4 [HHEN ;vm,. 9
TIN-¥3 | ugiaanposy odipoyosy |yauysasss y = = 9=
“olv3 wabonsbypngoy loppjns|oy ¥ s ! 021 = 0g~
W GH gm0 0y9R [J0 (N2 0POZIPOUY ypbod Syutrar - o M= B 1 ITESTE
. ISXILg pod 2 sz
o AR T e . > [ i
OdH 075Uy 91 =5 i3 "
20°10'¥2 60 {pUOYG3 )01 T3S /19 1I2FOU [9p 04U IUDIDIL o L > / J |
wnyng 70y>83 20+ 2 hQ 2 1
goH DdH 05=UY 91 SLOL NIG oluiwnly ; & = e >
*229 popo(nqiq FI04S1ISY FIDIIP DK T w\ S Q. ,.a.huv '”
(1) @ mn e fa e W % > i I D - B
Q. s o = e
1002 ¥Y3FINIONI/0dd _Xw:_ﬁw‘so\.\im jowagete ap 0bipoy A =~ \%, == > > u,
5 s ~ x — ,
- 500 Bun 2By pus G g - 195, pn I < : > o h
A O AN 50 0o 1 qune 00 YOS - VS Y36 - O NINUSH E= A ILEEE] S 2 > g
199 34g33y 2110 £3ba11 a3ya4snz vagrag Buonquis 1 " N I a1103og 7 =3 @ = |W|
‘ }:¢ 01035} W @) "
FIILIL ® k= =
2 R M
@ = 081 D 59391 2 120K
o0pBIIDL 3p DUG]
a
(80¢"¥E)
= 3
S
s
g :
& T
@ §0°0-¢,
WGE o1 0poaIBU 0pb31] PO ey ] oY
04550 013 ‘0§UsTW] 4qN331 OpD3} PO 0750722 g
§6762 PI» "B apo5 L] BN €2 ¢ 2 ')
o zwé PPOTY 80762 ] AT
59 IE QP bId 0poI1J POy 90762 £
161530pold 103 OpOI][BNj3Y Y-y uetag v
{03 DpIpdYY £0°80°62 4
DI2 T044aUDIp OpDII}IPON €0°20°02 )
s ] . usbo|satup
o unjog 3 W
oty et e wpeg [wions | o So§uawnI0Q 3 T 3 < [ 7 T 7

f f




68

Estudio y optimizacién de una brida de motor de un coche




Todos los derechos reservados
Eskubide guztiak erresalbatu dira



	PORTADA
	INDICE
	PROYECTO
	ANEXOS
	PLANOS BRIDAS



