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Abstract – Braking operation is a process which converts the kinetic energy and the potential energy of
the vehicle into other energies. The major part of the mechanical energy is transformed into heat. During
the braking phase, the frictional heat generated at the interface disc–pads can lead to high temperatures.
This phenomenon is even more important that the tangential stress as well as the relative sliding speeds
in contact are important. The objective of this study is to analyse the thermal behavior of the full and
ventilated brake discs of the vehicles using computing code ANSYS. The modeling of the temperature
distribution in the disc brake is used to identify all the factors and the entering parameters concerned at
the time of the braking operation such as the type of braking, the geometric design of the disc and the
used material. The results obtained by the numerical simulation are satisfactory compared with those of
the specialized literature.
Key words: Dry contact / brake discs / heat ﬂux / heat transfer coeﬃcient
Résumé – L’opération de freinage est un processus qui convertit l’énergie cinétique et l’énergie potentielle
d’une automobile en d’autres énergies. La majeure partie de l’énergie mécanique est transformée en chaleur.
Pendant la phase de freinage, la chaleur de friction produite au niveau de l’interface disque–plaquettes
peut engendrer de hautes températures. Ce phénomène est d’autant plus important que les contraintes
tangentielles ainsi que les vitesses relatives de glissement au contact sont importantes. L’objectif de cette
étude est d’analyser le comportement thermique des disques de frein plein et ventilés des véhicules à l’aide
du code de calcul ANSYS. La modélisation de la distribution de la température dans le disque de frein
permet d’identiﬁer tous les facteurs et les paramètres entrant en jeu lors de l’opération de freinage tels que
le type de freinage, la conception géométrique du disque et le matériau utilisé. Les résultats obtenus par
la simulation numérique sont satisfaisants comparés à ceux de la littérature spécialisée.
Mots clés : Contact sec / disques de frein / ﬂux de chaleur / coeﬃcient de transfert thermique

1 Introduction
The modeling of the problems involved in the phenomena of transfers in general and of thermals in particular
is of primary importance, on the one hand, for the phase
study or design of a product, and on the other hand, for
the follow-up of the product in phase of operation. Parallel to technological progress, the signiﬁcant projections
were born in the ﬁeld of the transfers of heat and of mass,
and sciences related to thermals in particular and this discipline have developed for a few decades at intervals raised
in many sectors: nuclear power, space, aeronautical, automobile, petro chemistry, etc. [1].
a
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In 2002, Nakatsuji et al. [2] did a study on the initiation of hair-like cracks which formed around small holes
in the ﬂange of one-piece discs during overloading conditions. The study showed that thermally induced cyclic
stress strongly aﬀects the crack initiation in the brake
discs. In order to show the crack initiation mechanism,
the temperature distribution at the ﬂange had to be measured. Using the ﬁnite element method, the temperature
distribution under overloading was analysed. 3D unsteady
heat transfer analyses were conducted using ANSYS. A
1/8 of the piece disc was divided into ﬁnite elements, and
the model had a half thickness due to symmetry in the
thickness direction.
In 2000, Valvano & Lee [3] did a study on the technique to determine the thermal distortion of a brake rotor.
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Nomenclature
a
A
Ad
[C]
Cp
Cd
Cp
dHyd
E
g
h
k
kd
kp
[K]
{L}
L
l
m
n̄
q0
Q
Q∗
Sd
Sp
Sτ
SQ
Sc
t
T
T∗
Tair
Tdisc
Tf
TP
u
V
ν
{ν}
z

Deceleration of the vehicle (m.s−2 )
Matrix
Disc surface swept by a brake pad (m2 )
Thermal capacity matrix (J.K−1 )
Speciﬁc heat (J.kg−1 .K−1 )
Speciﬁc heat of disc (J.kg−1 .K−1 )
Speciﬁc heat of pads (J.kg−1 .K−1 )
Hydraulic diameter of a radial channel (m)
Young modulus (MPa)
Gravitational acceleration (m.s−2 )
Convective heat transfer coeﬃcient (W.m−2 .K−1 )
Thermal conductivity (W.m−1 .K−1 )
Thermal conductivity of the disc (W.m−1 .K−1 )
Thermal conductivity of the pad (W.m−1 .K−1 )
Thermal conductivity matrix (W.K−1 )
Vector operator
Length of a plate (m)
Characteristic length (m)
Mass of the vehicle (kg)
Unit normal
Heat ﬂux entering the disc (W)
Heat quantity generated during the friction (J)
Heat ﬂux speciﬁed on a surface (W)
Disc surface (m2 )
Pads surface (m2 )
Surface temperature (m2 )
Surface in heat ﬂux (m2 )
Surface in convection (m2 )
Time (s)
Temperature (K)
Temperature speciﬁed on a surface
Ambient air temperature (◦ C)
Disc brake surface temperature (◦ C)
Fluid temperature (K)
Temperature imposed (K)
Speed of an incidental vent (m.s−1 )
Speed of ﬂow (m.s−1 )
Initial speed of the vehicle (m.s−1 )
Vector speed of mass transport
Braking eﬀectiveness

The severe thermal distortion of a brake rotor can aﬀect
important brake system characteristics such as the system response and brake judder propensity. As such, the
accurate prediction of thermal distortions can help in the
designing of a brake disc.
In 1997, Hudson & Ruhl [4] did a study on the air ﬂow
through the passage of a Chrysler LH platform ventilated
brake rotor. Modiﬁcations to the production rotor’s vent
inlet geometry are prototyped and measured in addition
to the production rotor. Vent passage air ﬂow is compared to existing correlations. With the aid of Chrysler
Corporation, investigation of ventilated brake rotor vane
air ﬂow is undertaken. The goal was to measure current
vane air ﬂow and to improve this vane ﬂow to increase
brake disc cooling.
The knowledge of the temperatures of contact is an invaluable element for the study of the tribological behavior

α
β
εp
ν
ρ
ρd
ρp
ν
ϕc
ϕd
ϕp
φ
ω
Gr
Nu
Pr
Re
Reω
FG
CFD

Greek symbols
Thermal expansion coeﬃcient (1 ◦ C)
Dilation coeﬃcient of the air (1 ◦ C)
Factor load distribution on the disc surface
Poisson coeﬃcient
Mass density (kg.m−3 )
Mass density of disc (kg.m−3 )
Mass density of pads (kg.m−3 )
Kinematic viscosity (m2 .s−1 )
Heat partitioning factor
Heat quantity assumed by the disc (J)
Heat quantity assumed by the pad (J)
Rate distribution of the braking forces
between the front and rear axle
Angular velocity (rad.s−1 )
Adimensional numbers
Grashof number (–)
Nusselt number (–)
Prandtl number (–)
Reynolds number (–)
Reynolds number in rotation (–)
Index
Grey cast iron
Computational ﬂuid dynamic

of materials in slipping contact. Indeed, the mechanical
power transmitted to a rubbing contact is primarily dissipated in the form of heat on the level of the interface
of two materials. Rise resulting from the temperature can
strongly inﬂuence the properties of surface of materials in
slip, support physicochemical and microstructural transformations and modify the rheology of the interfacial elements present in the contact [5].
Recent numerical models, presented to deal with
rolling processes [6,7] have shown that the thermal gradients can attain important levels which depend on the heat
dissipated by friction, the rolling speed and the heat convection coeﬃcient. Many other works [8,9] dealt with the
evaluation of temperature in solids subjected to frictional
heating. The temperature distribution due to friction process necessitates a good knowledge of the contact parameters. In fact, the interface is always imperfect – due to the
roughness – from a mechanical and thermal point of view.
Recent theoretical and experimental works [10, 11] have
been developed to characterise the thermal parameters
which govern the heat transfer at the vicinity of a sliding
interface. In certain industrial applications, the solids are
provided with surface coating. A recent study has been
carried out to analyse the eﬀect of surface coating on the
thermal behaviour of a solid subjected to friction process [12].
The thermal analysis is a primordial stage in the study
of the brake systems, because the temperature determines
thermomechanical behavior of the structure. In the braking phase, temperatures and thermal gradients are very
high. This generates stresses and deformations whose consequences are manifested by the appearance and the accentuation of cracks [13, 14]. It is then important to determine with precision the temperature ﬁeld of the brake
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disc. During the stop braking, the temperature does not
have time to be stabilized in the disc. A transient analysis is required. It is also essential to evaluate the thermal
gradients, what requires a three-dimensional modeling of
the problem. The thermal loading is represented by a heat
ﬂux entering the disc through the brake pads.
The numerical simulation in ﬂuid and thermal mechanics is currently in full expansion in industry, in particular in the automobile area.
In this study, we will present a numerical modeling in
three dimensions to analyse the thermal behavior of the
full and ventilated disc brake. This solution is applied to
the problem of determining the transient temperatures
reached at the friction surfaces of a disk brake when a
constant deceleration is produced during braking [15].
The modeling will be carried out in transient state,
simulating a stop braking of which the rotational speed
of the disc and the ﬂux generated by friction are functions
of time.
The thermal calculation based on the ﬁnite element
method will be carried out using code ANSYS 11. This
last is elaborated out for the resolution of complex physical systems.
In the case of disc brake, the eﬀective friction processes
between the pads and the disc are extremely complex due
to the fact that the present time brake pads, due to their
composite structure [16], do not have constant chemicalphysic properties, the organic contained elements being
subject of a series of transformations under the inﬂuence
of temperature increase. The heat distribution between
the brake disc and the friction pads is mostly dependent on material characteristics, among whom a major
inﬂuence is due to the density ρd,p [kg.m−3 ], the thermal conductivity kd,p [W.m−1 .K] and the speciﬁc heat
Cd,p [J.kg−1 .K] of discs (index d) and braking pad’s materials respectively (index p). Denoting Qd and Qg [J]
the heat quantities assumed by the disc and the braking
pads respectively, one could be expressed in the following
manner [17]
√
ρd kd Cd
Qd
= 
(1)
Qp
ρp kp Cp
Because the braking disc is not entirely covered by the
friction pads, within computing we have to consider the
ratio between the disc surface Sd and the pads surface Sp .
Denoting the ratio of heat’s division, between the disk and
pads with
√
ρd kd Cd Sd
Q d Sd
=
,
(2)
ϕc =
Q p Sp
ρp kp Cp Sp
and considering Q [J] the heat quantity generated during
the friction process, the heat quantities assumed by the
pads and by the disc are:
ϕc
1 + ϕc
1
ϕg = Q
1 + ϕc

ϕd = Q

(3)
(4)
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Fig. 1. Application of ﬂux.

The brake disk assumes the most part of the heat, usually more than 90% [18], through the eﬀective contact
surface of the friction coupling. Considering the complexity of the problem and average data processing limited,
one replaced the pads by their eﬀect, represented by an
entering heat ﬂux (Fig. 1).

2 Heat ﬂux entering the disc
In a braking system, the mechanical energy is transformed into a caloriﬁc energy. This energy is characterized
by a total heating of the disc and pads during the braking
phase. The energy dissipated in the form of heat can generate rises in temperature ranging from 300 ◦ C to 800 ◦ C.
The heat quantity in the contact area is the result of plastic micro-deformations generated by the friction forces.
Generally, the thermal conductivity of material of the
brake pads is smaller than of the disc (kp < kd ). We consider that the heat quantity produced will be completely
absorbed by the brake disc. The heat ﬂux evacuated of
this surface is equal to the power friction. The initial heat
ﬂux q0 entering the disc is calculated by the following formula [19]:
1 − φ mgν z
q0 =
·
(5)
2
2 Ad Ep
where
z = a/g: braking eﬀectiveness
a: deceleration of the vehicle [m.s−2 ]
ϕ: rate distribution of the braking forces between the front
and rear axle
Ad : disc surface swept by a brake pad [m2 ]
V : initial speed of the vehicle [m.s−1 ]
εp : factor load distribution on the surface of the disc
M : mass of the vehicle [kg]
Figure 2 shows the ventilated disc–pads and the applied forces.
The loading corresponds to the heat ﬂux on the disc
surface. The dimensions and the parameters used in the
thermal calculation are recapitulated in Table 1.
The disc material is gray cast iron with high carbon content FG, with good thermophysical characteristics
those are given in Table 2. The thermal conductivity and
speciﬁc heat are a function of temperature [20], Figures 3
and 4.
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Fig. 2. Disc-pads assembly with forces applied to the disc.
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Fig. 4. Speciﬁc heat versus temperature.
Table 1. Geometrical dimensions and application parameters
of automotive braking.
Inner disc diameter (mm)
Outer disc diameter (mm)
Disc thickness (mm)
Disc height (mm)
Vehicule mass – m (kg)
Initial speed – v0 (km.h−1 )
Deceleration – a (m.s−2 )
Eﬀective rotor radius – Rrocor – (mm)
Rate distribution of the braking forces – φ – (%)
Factor of charge distribution on the disc εp
Surface disc swept by the pad Ad (mm2 )

66
262
29
51
1385
28
8
100.5
20
0.5
35 993

In our case there is not an internal source p = 0, thus
Equation (6) is written:


∂T
+ {ν}T {L} + {L}T {Q} = 0
ρCp
(7)
∂t
with :

Table 2. Thermophysical properties of the disc.
Young modulus E (MPa)
Poisson coeﬃcient ν
Density ρ (kg.m−3 )
Thermal expansion α (1 ◦ C)
Tensile strength (MPa)
Compressive strength (MPa)

138 000
0.28
7250
1.085 × 10−5
300
820

(8)

(9)

The law of Fourrier (7) can be written in the following
matrix form:
{Q} = −[K]{L}T
(10)

60
Thermal conductivity W/m.°C

⎫
⎧
∂ ⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎬
⎨ ∂x ⎪
∂
{L} =
⎪
⎪
⎪ ∂y ⎪
⎪
⎪
⎪
⎪
⎪
⎭
⎩ ∂ ⎪
∂z
⎧ ⎫
ν
⎪
⎨ x⎪
⎬
{ν} = νy
⎪
⎩ ⎪
⎭
νz

with:

55
50
45

⎡

⎤
kxx 0 0
[K] = ⎣ 0 kyy 0 ⎦
0 0 kzz

(11)

kx , ky and kz represent the conditions along axes x, y,
z respectively. In our case the material is isotropic thus
kxx = kyy = kzz :

40
35
0
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300 400 500 600
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Fig. 3. Thermal conductivity as a function of temperature.

– {L} Vector operator.
– {ν} Vector speed of mass transport.
– [K] Matrix conductivity.

3 Numerical modeling of the thermal
problem

By combining two Equations (7) and (10), we obtain:


∂T
T
Cp
+ {ν} {L}T = {L}T ([K]{L}T )
(12)
∂t

3.1 Equation of the problem

By developing Equation (12) one deduces:

The ﬁrst law of thermodynamics indicating the thermal conservation of energy gives:


∂T
ρCp
+ {ν}T {L} + {L}T {Q} = p
(6)
∂t




∂T
∂T
∂T
∂T
+ νx
+ νy
+ νz
∂t
∂x
∂y
∂z






∂
∂T
∂T
∂T
∂
∂
=
Kx
+
Ky
+
Kz
(13)
∂x
∂x
∂y
∂y
∂z
∂z

ρCp
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3.2 Initial conditions
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type B

type E

According to experimental tests evoked in the literature, in our study, one considers that the initial temperature is equal to:
◦

T (x, y, z) = 60 C

at time

t=0

(14)

type A
type B
type A

3.3 Boundary conditions

type D
type C

In general, in a thermal study, one ﬁnds three types
of boundary conditions:

Fig. 5. Various surfaces of a section disc.

1. Temperature speciﬁed on a surface
ST : T = T ∗

(15)
(b) Surfaces of types B

2. Heat ﬂux speciﬁed on a surface
SQ : {Q}T {n} = Q∗

(16)

3. Convection speciﬁed on a surface
Sc : {Q}T {n} = h(Tp − Tf )

(17)

In the case of a disc of brake in rotation we are in presence
of a forced convection. In this case the convection can be
represented according to the following variables:
F (Re, Rr, N u) = 0

(18)

where Re is the Reynolds number = V l/ν, N u is the
Nusselt number = hl/k and P r is the Prandtl number =
νρCp /k.
One solves thus the function F compared to the heat
transfer coeﬃcient h, or better, compared to the Nusselt
number to have an expression without dimension
N u = f (Re, P r)

(19)

Often an approach of the type
N u = C · Rem P rm

Kays & Bjorklund [23] establish the empirical Equation (22) for the Nusselt number of external cylindrical
surfaces

1
N u = 0.135 (0.5Re2ω + Re2 + Gr)P r 3
(22)
where Gr is the Grashof number =
(c) Surfaces of types C
In the case of a laminar boundary layer [24, 25]
Reω,

crit

Several authors recommend values diﬀerences for constant C according to the correlation with measurements
(Tab. 3). One supposes that the temperature of the friction tracks does not vary with the ray.
(d) Surfaces of types D
For this type of surface, one adopts a proposal of
Schwarz et al. [28]. This proposal is based on the assumption that heat surface ﬂux of surfaces of the type D is the
same one as in a drum in rotation.
An empirical equation of Mc Adams [29] is adopted.

N u = 0.14

Dennis and Morgan [22] establish an empirical equation for the calculation of the Nusselt number for brake
discs in rotation and exposed to an incidental wind
Re
Reω

(23)

one adopts the equation of Cobb and Saunders [24]

N u = C Reω
(24)

(a) Surfaces of types A

N u = 0.0436

< 240 000 . . . 300 000

(20)

is used for the correler with the tests results.
Convection on various surfaces of the brake disc diﬀer
according to its geometry and its exposure. In Figure 5,
various surfaces of a section disc and their classiﬁcation
are shown as follows.



βgd3dis (Tdisc −τair )
.
ν2

0.74
Re0.9
ω

(21)

L3 gβ(Tdisc − Tair )P r
ν2

 13
(25)

(e) Surfaces of types E
In the case of a laminar ﬂow [21–30]:
Re < 2320

(26)
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Table 3. Values of constant C.
Authors
Dorfman [26]
Millsaps, Pohlhausen [26]
Fukano [27]
Cobb, Saunders [26]

Values of C
0.399
0.322 (P r = 0.72)
0.399 P r 0.43
0.36 (P r = 0.72)

One adopts an equation of Ehlers [25] based on an approach of Elser [25], multiplied by a factor of 1.7
√
3
V P r 3 dHyd
√
N u = 0.983
(27)
νl

Fig. 6. Irregular mesh in the wall.
Symmetric wall of the air

4 Determination of the coeﬃcient
of exchange by convection (h)

Outlet

4.1 Introduction
The thermal analysis of the braking system requires
a precise determination of the quantity of heat friction
produced and as well as the distribution of this energy
between the disc and the brake lining. During an emergency braking, all the heat produced with the interface
is equal to the heat absorbed by the disc and the brake
lining [31].
When a vehicle is braked, a part of the frictional heat
escapes in the air ambient by convection and radiation.
Consequently, the determination of the heat transfer coeﬃcients is essential. Their exact calculation is however
rather diﬃcult, because these coeﬃcients depend on the
location and the construction of the braking system, the
speed of the vehicle travel and consequently of the air circulation. Since the process of heat transfer by radiation
is not too important, we will determine using code ANSYS CFX only the convection coeﬃcient (h) of the disc.
This parameter will be exploited to determine the threedimensional distribution of the temperature of the disc.

Air at
20 °C

Disc

Adiabatic wall of the air

Input

Fig. 7. Brake disc CFD model.

upper, lower and radial ends of the domain [33]. For the
considered cases, disc rotational Reynolds (Reω ) numbers
are larger than 2.5 × 105 , and the ﬂow is turbulent. The
solution scheme employs the κ-ε model with scalable wall
function and sequential load steps. For the preparation
of the mesh of CFD model, we used a linear tetrahedral
element with 30 717 nodes and 179 798 elements. In order
not to weigh down calculation, an irregular mesh is used
in which the meshs are broader where the gradients are
weaker (not-uniform mesh) (Fig. 6).
Figure 7 shows the elaborate model CFD which will
be used in ANSYS CFX Pre.

4.2 Modeling in ANSYS CFX
The ﬁrst stage is to create the model CFD which contains the ﬁelds to be studied in Ansys Workbench. In our
case, we took only one quarter of the disc, then we deﬁned
the ﬁeld of the air surrounding this disc. ANSYS ICEM
CFD will prepare various surfaces for the two ﬁelds in order to facilitate the mesh on which that one will export
the results towards CFX using the command “Output
to cfx” [32]. After obtaining the model on CFX Pre and
speciﬁed the boundary conditions, we must deﬁne these
physical values come into play on CFX to start calculation.
The disc is related to four adiabatic surfaces and two
surfaces of symmetry in the ﬂuid domain whose ambient
temperature of the air is taken equal at 20 ◦ C and open
boundaries with zero relative pressure were used for the

(a) Physical model
In this step, one declares all of the physical characteristics of the ﬂuid and the solid. After the meshing, are
deﬁned all the parameters of the diﬀerent models to be
able to start the analysis.

(b) Deﬁnition of the domains
Initially, one validates the elaborated models and one
activates in the option “Thermal Energy” the calculation
of heat transfer “Heat Transfer”.
Fluid domain: speed entry: Vent non.st = Vent –Va. t.
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Disc domain: entering ﬂux: FLUXnon.st = (CF )
(Vent non.st ), CF = 149 893.838.
Vent non.st = Vent –Va. t
FLOWnon.st : non stationary ﬂux entering.
Vent non.st : non stationary speed entering of the air.
(c) Deﬁnition of materials
We introduce into the library the physical properties
of used materials. In this study we selected three cast iron
materials (FG 25 Al, FG 20 and FG 15).
(d) Deﬁnition of the boundary conditions

Fig. 8. Distribution of heat transfer coeﬃcient on a ventilated
disc in the stationary case (FG 15).

The ﬁrst step is to select the Inlet and Outlet faces
of the heat ﬂux. These options are found in the insertion
menu “Boundary Conditions” in the CFX Pre.
The boundary conditions concerning the pads will be
also deﬁned. One selects the options “Wall” and “Symmetry”, because there will be the possibility of adjusting a
certain number of parameters in the boundary conditions
such as ﬂux entering the disc.
(e) Application of the interfaces domains
The areas of interfaces are commonly used to create
the connection or linkage areas. Surfaces located between
the interactions regions (air-disk) are reported as solidﬂuid interface.
Fig. 9. Velocity distribution inside the ventilated disc.

– Braking time = 3.5 [s].
– Increment time = 0.01 [s].
– Initial time = 0 [s].
Before starting the calculation and the analysis with ANSYS CFX PRE, it is ensured that the model does not
contain any error.

-1
-2

Since in this study is to determine the temperature
ﬁeld in a disc brake during the braking phase of a vehicle
of average class, we take the following temporal conditions:

Coefficient of transfer h [W m °C ]

(f) Temporary condition

120
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100
90
80
70
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0
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SC4
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SV3
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0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

3 .5

4 .0

T im e [s ]

Fig. 10. Variation of heat transfer coeﬃcient (h) of various
surfaces for a full disc in the non stationary case (FG 15).

(g) Launch of the calculation
After veriﬁcation of the model and boundary conditions, we run the calculation by opening the menu “File”
and clicking on “Write solver ﬁle”. The values of the coefﬁcient of exchange will be taken average values calculated
by the minimal and maximum values obtained using ANSYS CFX POST as it east indicates in the Figure 8.
Figure 9 shows CFD results of the distribution of the
velocity on the surfaces of the vanes and channels in the
ventilated commercial vehicle brake disc. It is noted that
speed has a fall value at the exit of the vanes of the disc.

(h) Results of the calculation of the coeﬃcient h
Figures 10 and 11 show the variation of the heat transfer coeﬃcient (h) of diﬀerent surfaces respectively for a
full and ventilated disc in cast iron (FG 15) in transient
state. We found that after a short time all the curves of
h are decreasing with time.
The computation results of digital enables us to obtain
the graphs of a Nusselt number according to the Reynolds
number in rotation (Fig. 12).
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Fig. 11. Variation of heat transfer coeﬃcient (h) of various
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20
T im e [s ]

30

40

Fig. 14. Heat ﬂux versus time.

1600

Nusselt number [Nu]

1400
S u r fa c e s ty p e A
S u r fa c e s ty p e B
S u r fa c e s ty p e C

1200
1000
800
600
400
200
0
2 .0 x 1 0

4

4 .0 x 1 0

4

6 .0 x 1 0

4

8 .0 x 1 0

4

1 .0 x 1 0

5

R e y n o ld s n u m b e r o f ro ta tio n [R e ω ]

Fig. 15. Meshing of a full disc in ANSYS Multiphysics
(172 103 nodes – 114 421 elements).

Fig. 12. Nusselt number according to the Reynolds number
rotational.
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Fig. 13. Speed of braking versus time (braking of type 0).

Fig. 16. Meshing of a ventilated disc in ANSYS Multiphysics
(154 679 nodes – 94 117 elements).

5 Determination of the disc temperature

5.1 Meshing of the disc

The modeling of the disc temperature is carried out by
simulating a stop braking of a middle class car (braking
of type 0).
The characteristics of the vehicle and of the disc brake
are listed in Table 1.
The vehicle speed decreases linearly with time until
the value 0 as shown in Figure 13. The variation of the
heat ﬂux during the simulation time is represented in the
Figure 14.

The heat gradients are very high, in the thickness of
the disc, on the tracks of friction, in the throat of the bowl.
One expects gradients of constraints raised in these same
zones. The mesh must thus be ﬁne enough for evaluating
the gradients well. That increases the number by degrees
of freedom of the model ﬁnite elements.
The elements used for the meshing of the full and
ventilated disc are tetrahedral three-dimensional elements
with 10 nodes (isoparametric) (Figs. 15 and 16). In this
simulation, the meshing was reﬁned in the contact zone
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Table 4. Number of elements of the two considered meshs.

Mesh 1
Mesh 2
Mesh 3

Full disc
Number of elements
46 025
114 421
256 613

Ventilated disc
Number of elements
77 891
94 117
369 777

(disc-pad). This is important because in this zone the
temperature varies signiﬁcantly.
Three meshes have been tested automatically using an
option called convergence in ANSYS Workbench Multiphysics. The number of elements forming each meshing is
given in Table 4.

Fig. 17. Internal geometry of the ventilated disc.

–
–
–
–
–
–

Total time of simulation = 45 [s].
Increment of initial time = 0.25 [s].
Increment of minimal initial time = 0.125 [s].
Increment of maximal initial time = 0.5 [s].
Initial temperature of the disc = 60 [◦ C].
Materials: three types of cast iron (FG 25 AL, FG 20,
FG 15).

6 Results and discussions
The modeling of temperature in the disc brake will be
carried out by taking account of the variation of a certain number of parameters such as the type of braking,
the cooling mode of the disc and the choice of disc material. The brake discs are made of cast iron with high
carbon content; the contact surface of the disc receives
an entering heat ﬂux calculated by the relation (5).
Figure 17 shows the internal geometry of the ventilated disc.
6.1 Inﬂuence of construction of the disc
In the braking operation, the vehicle down from the
maximum speed of 100.8 km.h−1 to a standstill (Fig. 18).
The initial temperature of the disc and the surrounding
is 60 ◦ C.
Figure 19 shows the variation of the temperature versus time during the total time simulation of braking for
a full disc and a ventilated disc. The highest temperatures are reached at the contact surface disc-pads. The
strong rise in temperature is due to the short duration
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Fig. 18. Braking power dissipated by friction versus time.
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The thermal loading is characterized by the heat ﬂux
entering the disc through the real contact area (two sides
of the disc). The initial and boundary conditions are introduced into module ANSYS Workbench. The thermal
calculation will be carried out by choosing the transient
state and by introducing physical properties of the materials. The selected data for the numerical application are
summarized as follows:

Braking power [w]

5.2 Loading and boundary conditions

325
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Fig. 19. Temperature variation of a full and ventilated disc
(FG 15) versus time.

of the braking phase and to the speed of the physical
phenomenon. For the two types of discs, one notices that
starting from the ﬁrst step of time one has a fast rise of
the temperature of the disc followed by a fall of temperature after a certain time of braking.
We quickly notice that for a ventilated disc out of
cast iron FG 15, the temperature increases until Tmax =
345.44 ◦ C at the moment t = 1.85 s, then it decreases
rapidly in the course of time. The variation in temperature between a full and ventilated disc having same material is about 60 ◦ C at the moment t = 1.8839 s (Fig. 20).
We can conclude that the geometric design of the disc
is an essential factor in the improvement of the cooling
process of the discs.
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Fig. 22. Temperature variation through a disc thickness for
three types of cast irons (FG 25 AL, FG 20 and FG 15).

6.2 Infuence of material of the disc
(b)
Fig. 20. Temperature distribution of a full (a) and ventilated
disc (b) of cast iron (FG 15).
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Fig. 21. Evolution of the disc temperature according to angular position at the thickness of a ventilated disc with cast
iron (FG 15).

In Figure 21, disc temperature in angular direction
is presented. It is noted that the proﬁle of temperature
is parabolic and symmetry is always noted when one
takes the median plane vertical disc and the pace is the
parabolic form has maximum values on the friction tracks
of the disc.

Figure 22a shows for each type of the selected cast
irons the temperature variation as a function of thickness
at the moment when the temperature is maximum. The
look of the three curves is similar. We also note that the
temperature decreases in the direction of median plane
of the disc to reach its minimal value. In Figure 22b we
see that there is inside the disc symmetry of colors. The
part far away from the surface of blue contact color is
not requested too much thermically. More the thermal
conductivity of the material is low, more its temperature
is high. The FG 15 is diﬀerentiated from the two other
cast irons by smaller temperatures. The ﬁgure does not
have symmetry because it is about a manual survey and
not precise.
In Figure 23, the temperature variation versus radius
for three materials (FG 25 Al, FG 20, FG 15) is presented.
The shape of the temperature curves is the same one. The
maximal temperature is in area of the mean disc radius.
According to Figures 22 and 23 the cast iron FG 15
has the best thermal behavior.
Figures 24 and 25 respectively show the temperature
variation according to the thickness and radius. It is noted
that there is an appreciable variation of temperature between the two types of full and ventilated disc. The peripheral fall of temperature of the graph 25 is explained
by presence of the wings and the number of the vanes in
the design of the ventilated disc which allows a good cooling state and storage capacity of energy decreases, (here
the number of vanes is 36).
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Fig. 25. Temperature variation through a radius or both designs with the same material (FG15).
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Fig. 26. Heat ﬂux versus time in fading procedure.

These cycles may consist of a series of emergency brakings or cycles comprising of the braking phases followed
by a downtime.
6.3 Inﬂuence of braking mode
The disc brake and the wheel are dimensioned according to the performance and economic requirements of the
vehicle. They must support mechanical and thermal loads
increasingly greater at mean velocities in permanent progression.

Full disc

Ventilated disc

Fig. 24. Temperature variation through the thickness for both
designs with same material (FG15).

The inﬂuence of ventilation on the temperature ﬁeld
appears clearly at the end of the braking (t = 3.5 s).
Among the parameters having an inﬂuence on the thermal behavior of the discs brake there is the braking mode
which depends on the driver and the circulation conditions. Certain modes of braking can involve the destruction of the disc and consequently to cause serious accidents of circulation. A braking mode is represented in the
form of braking cycles, which describe the variation of
vehicle speed versus time (v = f (t)).

6.3.1 Repeated braking
During vehicle operating, the braking system is subjected to repeated actions of the driver. In this study, we
considered two types of braking of which the total simulation time is estimated to be equal to 135 s.
Figures 26 and 27 show the heat ﬂux dissipated by
friction and a driving cycle of fourteen successive brakings, in the form of saw tooth.
Figure 28 shows another mode of braking where after
each phase of braking one has an idle.
Figure 29 shows the comparison of the change of temperature of the disc for a cyclic braking process between
the ﬁrst mode and the second mode. For two contours,
we note that the temperatures in the disc rise ﬁrmly with
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Fig. 28. Cycle braking with phase of idles after each braking
(mode 2).

each application of brake, then begin the exponential decline. The more the number of repetitions of braking increases, the more the maximum temperatures increase.
The initial state of the disc changes after each cycle, the
downtimes allow only one partial cooling. After each cooling phase, the disc begins to warm again. In fact, during
successive brakings the capacity of cooling of the disc is
insuﬃcient to lower the surface temperature to near the
initial temperature, which causes an accumulation of energy and therefore a higher surface temperature. These
results show that the transient thermal behavior of a disc
brake depends on the braking cycle imposed and it is dominating because it dictates the cooling time of the disc.
According to Figure 29, we note that in the case of braking cycle mode 2, a reduction of the temperature of approximately 535 ◦ C is 45.19% compared to the ﬁrst cycle.
We conclude that the braking mode with a cooling phase
inﬂuences very positively on the heat transfers in the disc
what involves a reduction in the maximum temperature
of interface which causes cracking and mechanical wear.
In addition this tendency will enable us to ensure safety
and fatigue life of the brake system component. Finally
it would be interesting to carry out this calculation on
brake test benches in order to validate these results of
the numerical simulation.

7 Conclusion
In this study, we presented a numerical simulation
of the thermal behavior of a full and ventilated disc in
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Fig. 29. Temperature variation of the two braking modes
versus time.

transient state. By means the computer code ANSYS 11
we were able to study the thermal behavior of three types
of cast iron (AL FG 25, FG 20, FG 15) for a determined
braking mode. In addition to the inﬂuence of the ventilation of the disc, we also studied the inﬂuence of the
braking mode on the thermal behavior of the discs brake.
The numerical simulation shows that radial ventilation
plays a very signiﬁcant role in cooling of the disc in the
braking phase. The obtained results are very useful for
the study of the thermomechanical behavior of the disc
brake (stress, deformations, eﬃciency and wear).
Through the numerical simulation, we could note that
the quality of the results concerning the temperature ﬁeld
is inﬂuenced by several parameters such as:
– Technological parameters illustrated by the design.
– Numerical parameters represented by the number of
elements and the step of time.
– Physical parameters expressed by the type of materials.
– Braking mode implemented.
Modeling of the disc material must take account of the
anelastic behavior of the cast iron according to the real
temperature of the disc. To be predictive, the calculation
of the disc must respect the complexity of the system
(three-dimensional problem, rotation of the disc, anelastic
material behavior, and anisothermal stress. . . ).
An experimental study of the thermomechanical behavior of the brake discs and brake pads is essential to
validate the numerical results.
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