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Abstract

Braking system is one of the basic organs to control a car. For many years, the disc brakes have been used in automobiles for safe
retardation of the vehicles. During braking, enormous amount of heat will be generated, and for effective braking, sufficient heat dissipa-
tion is essential. The specific air flow surrounding the brake rotor depends on the thermal performance of the disc brake and hence, the
aerodynamics is an important in the region of brake components. A CFD analysis is carried out on the braking system as the study of this
case, to make out the behavior of air flow distribution around the disc brake components using ANSYS CFX software. The main object
of this work is to calculate the heat transfer coefficient (h) of the full and ventilated brake discs as a function of time using the CDF
analysis, which will be used later in the transient thermal analysis of the disc in ANSYS Workbench 11.0.
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1. Introduction

Today, the founding engineers of cars are currently in an
unfailing position of maintaining and improving mechanical
safety devices in the face of the increase in the need for highly
efficient transport. The essential role of an automotive brake
system is to brake or stop the rotating wheel bearing by
pressing brake pads against the brake discs [1]. Dufrénoy [2]
carried out, a thermomechanical analysis of the disc brake of
real geometry taking into account the effect of wear and the
variations of surface of contact. Soderberg and Andersson [3]
conducted a study while developing a disc-brake pad model to
calculate the contact pressure distribution at the pad interface
and the rotor. Mahmoudi et al. [4] investigated the effects of
using FG materials in the wheel-mounted brake disk R920K
for the ER24PC locomotives on its thermo-mechanical behav-
ior are investigated. Choi et al. [5] conducted a study in order
to determine the correlation between pad surface deformation,
slurry adhesive rate and Coefficient of friction (COF) during
friction between felt pad and single -crystal silicon, to analyze
the relationship between pad condition and COF. In the work
carried out by Oz et al. [6] two excessive wormn brake discs of a
light commercial vehicle were coated with High velocity oxy-
gen fuel (HVOF) thermal spray process for reuse. Gao and Lin
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[7] have shown by experience, that the temperature of the
contact is an integral factor indicating the influence of powerful
friction on the combined effect of charge, velocity, coefficient
of friction and thermomechanical properties and the lifetime of
the materials. The cone setting or thermal distortion of the disc
results from the different distribution in the discs and brake
pads according to the works of Lee and Yeo [8]. Park et al. [9]
developed a simulation program for automotive cooling system
analysis and a performance analysis program for analyzing
heat exchanger. Park et al. [10] presented a local Nusselt num-
ber in the cooling flow passage of the automobile disc brake
with helically fluted surfaces. Chung et al. [11] presented an
analysis method to estimate the thermal performance of a disc
in a vehicle considering braking conditions. Heat flux is ap-
plied to the finite element disc model, and the temperature rise
and deformation of a disc are estimated by performing the
thermo-mechanical analysis. Duzgun [12] investigated the
thermal behaviors of ventilated brake discs using three differ-
ent configurations of continuous brake conditions in terms of
heat generation and thermal stresses with finite element analy-
sis. Belhocine and Bouchetara [13] presented a numerical
modeling in three dimensions to analyze the thermal behavior
of the brake discs of the vehicles using computing code
ANSYS. Luo and Zuo [14] studied the heat dissipation of a
ventilated disc on high-speed trains during emergency braking
in order to improve heat dissipation performance. Mahmoudi et
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Fig. 1. Definition of the forces acting on an automobile during braking.

al. [15] investigated the effects of using FG materials in the
wheel-mounted brake disc R920K for the ER24PC locomo-
tive on its thermo-mechanical behavior. Ljungskog et al. [16]
investigated the effects of flow angularity at the inlet and dif-
ferent boundary layer control systems, namely, basic scoop
suction, distributed suction, and moving belts, on the longitu-
dinal pressure distribution in the full-scale aerodynamic wind
tunnel of Volvo Cars using CFD and a systematic design of
experiments approach. Recently, Belhocine and Wan Omar
[17] have guided a static structural analysis of dry sliding
contact between the brake disc and pads using the ANSYS
11.0 finite element software. After that, Belhocine [I18]
conducted a coupled thermomechanical analysis showing the
effect of temperature on the resulting stresses and overall
deformations of the disc as well as; contact pressures in the
brake pads. The convective heat coefficient (h) mainly de-
pends on the air flow inside and around the brake disc, i.e. ,the
flow velocity which generally increases the heat transfer rate.
The turbulence intensity usually increases the heat transfer
rate through increasing intensity and the flow structure.

The main aim of our work is to calculate the values of the
convective heat transfer coefficient (h) using the ANSYS CFX
11.0 software, which must be expressed as a function of time
for each surface of the full and ventilated disc and that they
will be exploited to the determination of (3D) three-
dimensional temperature of the disc under ANSYS Software
in transient thermal regime [19]. Thus, the results induced by
the analysis, show us the importance of ventilation in the
brake disc design.

2. Calculating heat fluxes entering the disc

2.1 The forces acting on the wheels during braking

By observing the situation described in Fig. 1, the
longitudinal and transverse equilibrium of the vehicle can be
written along the local axes X, y of the car.

> F, =0

FRRV+FFV+FRRH+FFH+FRA_(FRP+FD):O (1)
FFV+FFH:FRP+FD_FRRV_FRA_FRRH (2)
Fp=Fop+Fy —Fpp — Iy (3)

Fop = Frpy + Fiay

with F, =F,, +F

FH >

Fig. 2. External forces acting on the vehicle during braking on a flat
road.

ZFY =0=F;cosa—(Fy, +F,)=0 “)

F,, =F;cosa—F,, )

> M, =0=F, L+Fy,h—h(Fy, +F,,)—hF,sina (6)
(Fop + Ep)h+ F L, — Fp,h

FQV:[ RF RP - GH RA :I (7)

On a road vehicle, the rolling force Frr = F f, cos a is due
to the flat formed by a tire on the road, f; is the rolling
resistance coefficient. For a high pressure tire (f, = 0.015)

F,, =F,sina . ®)
The aerodynamic force is given by:

F, = CXAF%VZ . ©)

With Cy is the coefficient of form, equal to: 0.3 to 0.4 on the
car, Ap (m’) is the frontal surface; on the approach, for a road
passenger vehicle, we can take:Ar = 0.8xheightxwidth S, and
p. 1s the air density.

2.2 Total braking power

P,=P+F, (10)
By })F:ZFFVZ(FFV+FFH)V (11)
PI?:zFRv:(FRR+FRP+FRA)v' (12)

In the case of flat braking (Fig. 2), the resistances due to
rolling and the slope are neglected (Frr = 0 and Frp = 0), the
penetration into the air is generally negligible, for this reason,
(Fra=0)

Py=Y Fv=(Fp+Fp+Fp)v=0 (13)
PFZZFFVZ(FFV+FFH)V (14)
(Fpy + Fy) =F, =ma (15)
B,=P. =mav. (16)

If we define, Let ¢ the factor of the ratio of the braking
power with respect to the rear wheels Pry; = ¢ mav then, Pry
=(1-p )mav

if a is constant, we have:
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v(it)y=v,—at a7
P.=(1-¢@yma(v,—at). (18)

The braking power delivered to the brake disc is equal to
half the total power:

P, =@ma(vo—a 1. (19)
At time t =0, we have
Py = ma,. (20)

The braking efficiency is then defined by the ratio between
the deceleration (a) and the acceleration (g):

Z=a,/g 2D

1-—
Py ==z, 2)

Assuming that the amount of heat generated by friction is
completely absorbed by the disc.

0 = (l;zw)m gv

[Nm/s]=[W]. 23)
The expression of the transformed friction power per unit
area is thus:

*_(l—w)m,u,gv 27 _ 2
0, =7 o1 [Nm/sm*]=[W | m*]. 24)

The quantity Q’, indicates the heat flow absorbed by the
disc, which must be housed only on the actual contact surface.
Where A, is the surface of the rotor to which a brake pad
pivots. By definition, the operating factor €, of the friction
surface is given by the following formula:

£,=0/0, . (25)

Thus, the equation of the initial thermal flow of friction
entering the disc, which is calculated as follows:

! l-@)ym_gv
0 _(d-9)m,g

N Y [Nm/sm*]=[W | m*]. (26)

2.3 Heat flux entering the disc

During braking, each surface of the rotor receives a heat
flux from the friction generated at the disc-pads interface. The
expression of the initial heat flux entering the disc is given as
follows [20]:

Table 1. Basic dimensions and main parameters of automotive braking.

Parameter Value
Inside diameter of the disc, mm 66
Outside diameter of the disc, mm 262
Disc thickness (TH), mm 29
Disc height (H), mm 51
Weight of the car m, kg 1385
Initial velocity vy, m/s 28
Deceleration a, m/s’ 8
Time of braking #,, s 35
Effective disc radius R, mm 100.5
Ratio braking forces distribution ¢, % 20
Factor of disc charge distribution ¢, 0.5
Disc’s swept area 4, mm’ 35993
Table 2. Disc material properties for thermal analysis.
Material properties Disc
Thermal conductivity, £ (W/m°C) 57
Volumetric mass density (kg/m®) 7250
Specific heat capacity, ¢ (J/Kg. °C) 460
Poisson’s ratio 0.28
Thermal expansion (10 / °C) 10.85
Young modulus, £ (GPa) 138

Fig. 3. Application of flux.

l-p)ymgv, z
4 = (1-¢) mgv, 27)
2 24,

where a is the vehicle deceleration [ms”], z = alg is the brak-
ing effectiveness, and g is the gravity acceleration constant
(9.81) [ms™].

Given the difficulty of the problem treated, we will assume
that the brake pads must be replaced by their friction effect
and that they must be fictitiously represented by an incoming
heat flux (Fig. 3).

In order to allow us to easily compare the results, the
concrete dimensions of the two discs (Full and ventilated) are
quite similar. The main dimensions of the disc and the
parameters involved are summarized in Table 1.

We chose for the brake disc, gray cast iron material (FG 15)
of carbon composition [21], better thermomechanical
specificities which are summarized in Table 2.
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3. CFD analysis with ANSYS CFX

A CFD analysis generates an approximate description of the

behavior of physical model, rather than of real physical system.

The partial differential equations that usually constitute a
physical model are themselves only imprecise models of real
behavior. The modeling approximations are typically much
larger source of error, we have to use in the equations when
dealing with complex phenomena unsuitable for direct nu-
merical analysis. The list is long. It certainly includes turbu-
lence, multiphase flows, and flows with chemical reaction.
Properties of real liquids and gases (e.g., Density or viscosity)
depends in a complex and not always well documented way
on temperature, pressure, concentration of admixtures. This is
often neglected in CFD analysis, and the properties are as-
sumed constant. In the case where this assumption is aban-
doned, the error is still introduced, since the properties are
approximated by imprecise empirical functions.

3.1 k-¢ turbulent model

One of the most prominent turbulence models, the (k-
epsilon) model, has been implemented in most general pur-
pose CFD codes and is considered the industry standard
model. It has proven to be stable and numerically robust and
has a well-established regime of predictive capability. For
general purpose simulations, the model offers a good com-
promise in terms of accuracy and robustness.

3.2 Modeling assumptions

The following assumptions were made for CFD calculation

* At the inlet, the air velocity was adjusted to 28 m/s.

* The initial speed of the vehicle is 28 m/s.

* The flow medium is air.

* According to a k-¢ turbulence model, flow through the
rotor is steady incompressible and turbulent.

* Physical properties such as (Density, thermal conductiv-
ity, specific heat and viscosity) are constant.

* Only two modes of heat transfer (Conduction and con-
vection) but the radiation effects are neglected.

* On the disc surface, the heat flux is uniform

* Properties of air are taken under standard temperature
and pressure conditions,

* Approximately 90 % of frictional heat is transferred to
brake disc.

3.3 CFD modeling

Brake rotors are designed to dissipate heat effectively, but

air flow inside and around the brake rotor is turbulent in nature.

Because of aggressive braking, heat is built up around the
brake rotor and the rotor alone is not capable of extracting all
the generated heat in a short amount of time. As the practical
life shows, brake ducts works by channeling air from the front
surface of the car to the brake rotor. Atmospheric air taken in

Fig. 4. Full disc faces.

Fig. 6. Meshing for a fluid body.

by the brake duct is much cooler than the air around the brake
disc. Air flow through the duct continuously moves hot air
away, which allows the brake to cool at a faster rate, lowering
the operating temperature of the brake assembly.

Using ANSYS ICEM CFD, we have developed the
presentation of the internal and external face differences used
in the simulation for each full and ventilated disc while
distinguishing them with distinct ones to facilitate our
calculations as showed in Figs. 4 and 5. Mesh established in
the disc is an irregular and non-uniform mesh, so that the
meshes are more extended where there are weak gradients.
The CFD model of the brake disc was solved by ANSYS-
CFX and given the nature of the problem; the boundary
conditions for each variable must be imposed on the
boundaries of the computational domain. The domain of
interaction is considered perfectly adiabatic. The temperature
of the air flow and that of the disc is constant and equal to the
ambient temperature and they must be set at 30 °C, whose
lower and upper and radial ends of the domain have been
subjected to zero relative pressure.

3.4 Fluid mesh generation

To allow us to develop the model corresponding to the
domain of the fluid which is the air, we adopted a linear
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Air outlet

Interaction
fluid-solid

Air inlet 1

Air inlet 2

Fig. 7. Fluid body surfaces in ANSYS ICEM CFD.

tetrahedral mesh with 30717 nodes and 179798 elements as
illustrated in Fig. 6.

Using the ANSYS ICEM CFD software, and because of the
symmetry of the brake disc, only a quarter of the fluid domain
was taken into account in the calculations (Fig. 7).

3.5 Boundary conditions and computational details

The flow of air through and round the brake disc was ana-
lyzed using the ANSYS CFX code package. Material knowl-
edge was taken from ANSYS material knowledge library for
air at 20°C. Our study is carried out on a brake disc in three
types of gray cast iron (FG25AL, FG20, FG15) whose thermal
conductivities are respectively (43.7 W/ m °C, 55 W/ m °C
and 57 W / m °C). This work presents a thermal study, which
was undertaken on the basis of an analysis of a flow of air
passing through a disc so that it is possible to follow the
scenario of temperature variation and the heating of the rotor
during the braking phase. This allows the following time
conditions to be entered in ANSYS: Braking time is equal to
3.5 seconds with a time in increments of 0.01 seconds.

Periodic boundary conditions are used when the physical
geometry of interest and the expected pattern of the
flow/thermal solution have a periodically repeating nature.
Periodic boundary conditions are used when the flows across
two opposite planes in the computational model are identical.
The brake disc rotor is rotationally periodic, i.e. the geometry
and the flow pattern repeat themselves at a specified angle to
the centerline. Flow exiting one periodic plane is same as the
flow entering the other periodic plane. The introduction of
periodic boundary (Cyclic symmetry) conditions indicated
that only a periodic repetitive a quarter of the disc was mod-
eled rather than the entire disc. This had the effect of making
the model much simpler, which translates into a reduction in
material requirements and a high amount of calculation time.
The implementation of atmospheric temperature and pressure
at the inlet and outlet boundaries allows us to model the
rotating brake disc in still air. Air rounds the disc is taken into
account to be 20 °C and a spread of constant angular speeds

Table 3. Boundary conditions.

Boundary Boundary condition Parameters
Inlet Pressure inlet Atmospheric pressure and
temperature
Outlet Pressure outlet Atmospheric pressure and
temperature
Domain edges Symmetry Symmetry
Disc surface Wall 293K tf:mperature, then.nal
properties of Gray cast iron

Symmetry

Outlet

Periodic

Fig. 8. CFD boundary conditions model.

were sculptured employing a rotating frame of reference re-
garding the disc and shaft axis. The disc walls are shown as
smooth walls at a constant temperature of 293 K. At the
domain, we used symmetry boundary conditions to generate
zero-shear slip walls. The CFD model derived from the
ANSYS CFX code used in the calculation of the film coeffi-
cient is illustrated in Fig. 8.

A complete summary of the boundary conditions used is
given in Table 3.

4. Results of CFD analysis and discussion

4.1 Steady cases

The results obtained from the calculations for the two discs
in the steady state are clearly shown on the Figs. 9-12. In other
words, these figures represent the variation of the heat transfer
coefficient for brake disc with and without vanes. Since the
convective heat transfer coefficient is directly proportional to
the heat transfer rate higher the heat transfer coefficient will
lead to higher heat transfer rate. The results show that provid-
ing vanes obviously increase the heat transfer coefficient.

Figs. 10-12 show the distribution fields of the exchange
coefficient (%) for the three types of materials. While compar-
ing the results of material FG25AL, FG20 and FG15, heat
transfer coefficient has increased on the surface of the disc in
the latter case. That is to say, for the material FG15 the
maximum value of the heat transfer coefficient was obtained
for it (295 W/m® K) and there is no significant variation
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wall Heat Transfer Coefficient (H)
1.52721002
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Fig. 9. Wall heat transfer coefficient distribution on a full disc for
material (FG 15) at the steady state case.

Fig. 10. Wall heat transfer coefficient distribution on a ventilated disc
for material (FG 25 AL) at the steady state case.

Fig. 11. Wall heat transfer coefficient distribution on a ventilated disc
for material (FG 20) at the steady state case.

Fig. 12. Wall heat transfer coefficient distribution on a ventilated disc
for material (FG 15) at the steady state case.

obtained from the heat transfer coefficient for the three
materials. It is found that the behavior of (%) in the disc does
not depend on the material chosen. The distribution of (%) in
the disc is the same as that existing in the literature. By
providing vanes in the disc and in a FG15 design material, the
cooling rate increases significantly this ultimately causes
energy dissipation which is higher in the case of other types of
materials (FG25 AL and FG 20). It is then concluded that the
ventilated disc made with the gray cast iron FG15 represents a
better cooling.

Table 5 shows the mean values of the convective heat
transfer coefficient (#) calculated by the minimum and
maximum values of the various surfaces of the ventilated disc.

Table 4. Value of the heat transfer coefficient of different surfaces in
the stationary case for a full disc (FG 15).

FG 15
Surface haverage = [W m?k']
SC1 25
SC2 5
SC3 2
SC4 11
SF1 111
SF3 53
ST2 23
ST3 65
ST4 44
SV1 81
Sv2 71
SV3 41
Sv4 65

Table 5. Value of the heat transfer coefficient of different surfaces in
the stationary case for a ventilated disc (FG 25 AL, FG 20 and FG15).

Materials FG25 AL FG20 FG15
Surface haverage = [W m? k]
SC1 54 53 53
SC2 84 83 83
SC3 44 44 44
SF1 and 2 135 135 135
SF3 97 95 94
SPV1 170 171 171
SPV2 134 134 134
SPV3 191 191 192
SPV4 175 176 176
ST1 113 114 114
ST2 35 34 34
ST3 68 66 66
ST4 75 72 71
SV1 135 131 131
SV2 119 118 118
SV3 46 44 44
Sv4 111 108 108

It is found that the type of the material does not have a great
influence on the variation of the convective heat transfer
coefficient (/). Contrary to the first case, it is found that the
value of the heat exchange coefficient (k) is strongly
influenced by the ventilation system for the same material (FG
15).

4.2 Transient cases

Figs. 13 and 14 illustrate the evolution of the convective
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Fig. 13. CFD simulation results of convective heat exchange coeffi-

cient () for different full disc faces in transient mode of material (FG
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Fig. 14. CFD simulation results of convective heat exchange coeffi-
cient (h) for different ventilated disc faces in transient mode of mate-
rial (FG 15).

coefficient of exchange as a function of time for each face of
the full and ventilated disc. These curves should be used in the
following to evaluate the three-dimensional temperature of the
two discs. It is observed that the geometric design of the full
disc is varied towards a ventilated disc, the values of this
coefficient also vary with this modification, it is quite
reasonable because the ventilation leads to the reduction of the
maximum temperatures of the walls.

In Figs. 15 and 16, the variation of the convective thermal
coefficient of the wall as a function of time for the faces SV1
and SPV2 belonging, respectively to the full and disc
ventilated disc and for the same material FG15. Looking new
at external surface heat dissipation, Fig. 15 shows that there is
a color degradation (Blue, green and then red) from inlet to
outlet of air flow. There is a strong increase in (h) towards the
circumferential position and the air circulates around the hot
section and the variation in the (%) values is significant in the
upper section of the outboard friction surface of the full disc
with very high values at the instant of start of braking t=0.2 s
and then 154 W/m’K at the instant t=0.8 s, reaching the value
173 W/m’K at the instant t = 1.2 s. While the bottom section
of the outboard friction surface of the full disc remains at zero
values at time 3.4 s and 3.5 s. Indeed, the values of higher heat
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Fig. 15. Variation of the heat transfer coefficient (4) on the surface
(SV1) and as a function of time for a full disc (FG 15).
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transfer coefficients are a characteristic of the beginning of a
boundary layer, but these extreme values are present in both
the beginning and end regions of the flux and are of an order
of magnitude greater than the average on the friction surface.
It will be said that the phenomenon of heat dissipation is low
in the case of a full disc where the absence of air movement
prevents the convection process from occurring, hence the low
predicted coefficient value.

Ventilated discs consisting of two rubbing surfaces sepa-
rated by straight radial vanes are normally employed as they
utilize a greater surface area to dissipate heat. By removing the
faces of the rotor, Fig. 16 shows the variability of the
convective dissipation within and from the channels. The
largest values of (%) are observed on the lower walls of the
channel, reaching 315 W/m’K at time t = 0.2 s. In the air
recirculation regions, where heat transfer is reduced, a low
heat transfer is also observed in Vanes between 0 © and 45 °,
reaching only 0.6 W/m’K at time t =3.5 s.

It indicates that the ventilation channels have a positive ef-
fect on reducing the temperature. The most possible explana-
tion is when the ventilated disc with large number of vanes is
used in brake system; the circulation of air flow tends to cool
the hot disc more quickly. Based on physical point of view,
the decrease in temperature range, which occurs during brak-
ing leads to the increase in the efficiency of braking. This will



488 A. Belhocine and W. Z. W. Omar / Journal of Mechanical Science and Technology 32 (1) (2018) 481~490

‘Wall Heat Tramfer Coeffident ‘Wall Heat Transfer Coefficient

3. 15600002 J'T 2.13800002 -

2,53800002 1.991e+002

2. 72004002 / 1. 84804002 /

250100002 y 170500002

228000002 . 4 1.50200002

2.066ee 002 1. 4194002 =

Sy / a4

1. 630esb02 11350002 [

1 ANie002 l 9.903e+001 T

it Ytad2 5] he20B56085 (Wime-2 kaen] 7. 04460001 a0,8 [1] he141,915 w2 k1]
"Wal Heat Transfer Cocfficent o Vall Hoat Transfer Coofficiant =

1.586ee002 - 60308001

1. A80ue002 559200001

1.374e4002 4 5. 154ee001

1. 369ma002 ’ 4.716es001

116304002 ) & 4, 27Bes001 ”‘

1 w7002 3. 84004001

a5uesc0r 4. 40260001

v.assen 2.5850v001 P &

) < )

630004001 2.0804001

5. 28320001 V2 ] De105.7106 [Wme-2 kong) | EO1EO0T F1er8 bl pe384258 e 2 ko)

‘Wall Heat Transfer Cocfficient
1. 18904001

Wall Heat Transfer Coefficient
205180002

1. 58404002 1.08804001

i e

1. 54004002 8. 8694000

o i |

e Pl

1.cmn2 .. G

e A oy

3. 78001081 a2 1] ha121ASENS WWemt-2 k0-1) 1. 3276+000 1=3 (5] MeGAS739 [Winh-2 K- 1)
Wal Heat Transfer Cocfficient - Wall Heat Transfer Coefficient e

9.533-001 6.3530-001

5. 711e001 5.998e-001

ey ey

e oy

&.285¢001 4.03%-001 ‘._

i Noohed

— o

e \ i

e e

1.304e-001 1.803¢-001 "ted,S Bl w0 ASTEZ (Wrm*-2 k*-1]

114 [5] F=0.54238 [Wor -2 k*-1)

Fig. 16. Variation of the heat transfer coefficient (4) on the surface
(SPV2) and as a function of time for a ventilated disc (FG 15).

prevent the possibility of the change of brake fluid phase to
the other phase (Vapor). As is known that when the liquid
phase changes to the vapor phase, the so called as brake fail-
ure will occur and as a consequence this will endanger the
driver and the passenger.

It is finding out that for ventilated model the minimum tem-
perature is attained in 42 °C while as for full disc it is 64 °C.
This proves that ventilated disc design is more efficient than
the full disc in heat dissipation.

5. Mesh of disc brake model

The step of generating the mesh of the structure in the
Workbench simulation is essential. For more accurate results
in critical areas, we need to refine the mesh in the friction
tracks of the brake disc where the brake pads pivot. Using the
ANSYS software, we carried out a finite element mesh from
the two discs shown in Fig. 17; a full mesh disc in 172103
nodes and 114421 elements and a ventilated mesh disc of
154679 nodes and 94117 elements.

6. Simulation FEM results and discussions

6.1 Results of the disc temperature

On the Figs. 18 and 19, we have shown for each type of

(b)

Fig. 17. Refined mesh on disc friction tracks: (a) Full disc; (b) venti-
lated disc.
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Fig. 18. Results of thermal analysis of ventilated model for the three
materials types: (a) FG 25 AL; (b) FG 20; (c) FG 15.
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Fig. 19. Contour of the two discs temperature distribution for material
(FG15): (a) Full disc; (b) ventilated disc.

material selected (FG 25 Al, FG 20, FG 15), the evolution of
the temperature of the disc at the moment when it is reached.
In order to investigate the temperature histories, surface of the
disc is selected, because the surface area is subjected to high
temperature. These values are gradually reduced from the
outer edge to the inner edge. The disc material which has low
thermal conductivity results in a temperature rise on the disc
surface. It can be seen, that the material FG 15 has a
maximum temperature (345 °C) lower than those of the other
materials FG 25 AL and FG 20, respectively, of temperatures
380 °C and 351 °C. From this figure, and by comparing the
different results obtained from FEA method, it is observed
that the rotor disc of gray cast iron FG15 is the best suitable
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Fig. 21. Evolution of ventilated disc temperature with braking time for
material (FG 15).

rotor disc. It is then established the material of gray cast iron
FG15 having a better thermal behavior. The full disc
temperature reached its apogee value 401 °C at time t = 1.8 s,
and then decreases exponentially to 4.9 s on reaching the end
of braking (t = 45 s). The maximum temperature rise is indi-
cated in red color and green color shows average temperature
rise at the friction surface around the circumference of the disc
as shown in Fig. 19, which visually indicates that the venti-
lated disc is less heated than the full disc. After releasing the
brakes, after 1.8506 seconds, the maximum value of tempera-
ture in the ventilated disc is 345 °C, which is substantially less
than in the case of the full disc. The reason for that is the space
between the vanes, which increases heat dissipation from the
disc. It may be noted that the ventilated disc is a better solu-
tion because the heat is much better drained from its surface.
Vanes geometry and their total number greatly affect the heat
dissipation from the brake disc. The maximum disc surface
temperature results for full and ventilated disc are shown in
Figs. 20 and 21 which it illustrates that the time difference [0-
3.5 s] indicates the forced convection cycle. Free convection is
carried out at the end of the latter until the simulation time
limit (t = 45s). It can be seen that the simulation results were
similar at the beginning. The reason is that the heat conduction
and convection cannot dissipate the huge amount of heat in-
putted in a short time. It is observed that the ventilated disc
having a reduced temperature of almost 60 °C compared to a
full disc. It illustrates that the maximum temperature of the
full disc was higher than that of the ventilated one. Further-
more, the temperature distribution for the friction ring section
(Inboard and outboard) of discs, the ventilated disc was simi-
lar to that of the full disc. We conclude that ventilated brake

discs in the vehicle design represent a good ventilation system
and best means of cooling and then decrease temperatures
better than full discs. In summary, it reveals that whilst the
ventilated disc can provide better cooling performance is also
and maintains similar temperature distribution characteristics
to that of a full disc.

7. Conclusion

The present work presents a complex brake disc model to
determine the values of the heat exchange coefficient by
convection (%) during the phase and braking conditions of the
vehicle using the ANSYS CFX software. On the other hand,
the numerical results of this investigation were exploited to
solve the transient thermal scenario reacted in full and
ventilated brake discs where their three-dimensional
temperature was visualized using ANSYS Multiphysics 11.0
finite element software. The purpose of the contribution is to
show the impact of ventilation in the cooling of discs in
service which gives better thermal resistance by guaranteeing
a better service life of these. Generally the present study can
provide a useful design tool and improve brake performance
of a disc brake system. Based on the results of the analysis, it
is concluded that:

* All the values obtained from the analysis are less than
their allowable values. Brake disc design is safe based on
the strength and rigidity criteria.

* Thermal loads, heat flux and single stop temperature rise
are calculated with the help of vehicle specifications.

* Maximum temperature rise obtained from FEA analysis
for the three— different materials, i.e. gray cast iron
FG25AL, FG20 and FG15 are 380 °C, 351 °C and
345 °C, respectively.

* Comparing the results of temperature rise obtained from
analysis, it is observed that the values are less in the case
of material FG 15 than the other materials. It can be con-
cluded that gray cast iron FG15 is the most appropriate
material for brake disc.

* The ventilated brake disc is a better solution,because it
contains additional surfaces from which the heat dissi-
pates. Disc brake design plays an important role in heat
transfer.

As a conclusion, one could say that the numerical results of
this simulation are quite adequate compared to what can be
found in the literature. It is recommended that the same
problem be solved on the experiment as an example through
the test benches in order to validate the numerical model to
match the current reality.
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