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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. Dur-
ing braking, enormous amount of heat will be generat-
ed, and for effective braking, sufficient heat dissipation 
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 behaviour 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 venti-
lated brake discs as a function of time using the CDF 
analysis which will be used later in the transient ther-
mal analysis of the disc in ANSYS Workbench 11.0.
Keywords: CFD; convection; gray cast iron; heat 
transfer coefficient; heat flux.

Resumen
El sistema de frenado es uno de los sistemas básicos 
para controlar un automóvil. Durante muchos años, los 
frenos de disco se han utilizado en los automóviles para 
el retraso seguro de los vehículos. Durante el frenado, 
se genera una enorme cantidad de calor, para un frena-
do eficaz, es esencial una disipación suficiente de cal-
or. El flujo de aire específico que rodea al rotor del freno 
depende del rendimiento térmico del freno de disco y, 
por lo tanto, la aerodinámica es importante en la región 
de los componentes del freno. Se realizó un análisis 
CFD sobre el sistema de frenado como un estudio de 
este caso, para conocer el comportamiento de la distri-
bución del flujo de aire alrededor del freno de disco uti-
lizando el software ANSYS CFX. El objetivo principal de 
este trabajo es calcular el coeficiente de transferencia 
de calor (h) de los discos de freno completo y ventilado 
en función del tiempo utilizando el análisis CDF que se 
utilizará posteriormente en el análisis térmico transito-
rio del disco en ANSYS Workbench 11.0.
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Resumo
O sistema de travagem é um dos órgãos básicos para 
controlar um carro. Durante muitos anos, os freios a 
disco têm sido usados em automóveis para garantir o 
atraso nos veículos. Durante a travagem, será gerada 
enorme quantidade de calor e, para uma travagem efi-
caz, é essencial uma dissipação de calor suficiente. O 
fluxo de ar específico sobre o rotor de freio depende 
do desempenho térmico do freio de disco e, portanto, 
a aerodinâmica é importante na região de componen-
tes de freio. Uma análise CFD é realizada no sistema de 
travagem como o estudo deste caso, para determinar o 
comportamento da distribuição do fluxo de ar em torno 
dos componentes do freio de disco usando o software 
ANSYS CFX. O objetivo principal deste trabalho é cal-
cular o coeficiente de transferência de calor (h) dos dis-
cos de freio completo e ventilado em função do tempo 
usando a análise de CDF que será usada mais tarde na 
análise térmica transitória do disco no ANSYS Work-
bench 11.0.
Palavras-chaves: CFD; convecção; ferro fundido cinzen-
to; coeficiente de transferência de calor; fluxo de calor.

Introduction

Today, the founding engineers of cars are currently 
in an unfailing position of maintaining and improv-
ing mechanical safety devices in the face of the 
increase in the need for highly efficient transport. 
The braking system is still the most careful safety 
device in automotive maintenance. Thus, the du-
rability and performance of the brake discs also 
take into account the important aspect of the heat-
ing and the cooling of the latter during the braking 
phase. The impact is cooling factor of a brake disc 
by convection which must obviously be improved 
by thinning design modifications and contributes 
to the total heat flow for ordinary driving condi-
tion. Currently, the use of ventilated brake discs is 
an extraordinary process for improving the con-
vective cooling of the brakes by means of the air 

passages separating the braking surfaces. Dufrénoy 
(2004) 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. Söderberg & Andersson, (2009) conduct-
ed a study while developing a disc-brake pad mod-
el to calculate the contact pressure distribution at 
the pad interface and the rotor. 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 (2000). 
Ouyang et al. (2009) recently, they found that tem-
perature is a factor that can affect the degree of 
vibration in a disc brake. Recently, Belhocine and 
Wan Omar (2016) 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 (2016) 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 main aim of our work is to calculate the val-
ues 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-di-
mensional temperature of the disc under ANSYS 
Software in transient thermal regime (Zhang et al., 
2009). Thus, the results induced by the analysis, 
show us the importance of ventilation in the brake 
discs design.

Brake disc kinds

In the automotive field, there are two kinds of brake 
discs; full discs and ventilated discs. Full discs 
generally include a crown attached to a "bowl", at-
tached to the hub of the vehicle (figure1.a). Venti-
lated discs used in recent years are of complicated 
design and are installed on the front axles forming 
two crowns called flanges - separated by fins (fig-
ure 1.b). These vanes on ventilated discs provide 
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A brake disc in rotational motion causes an air 
circulation in the channels, resulting in improved 
cooling (figure 3).

Figure 3. Circulation of air in the ventilated disc 
channels.

Governing equation of the transient heat 
conduction

In a 3-dimensional system, for an isotropic mate-
rial within a domain Ω, for a volume element dxdy-
dz, the difference between the incoming thermal 
flow and the outflow is defined as follows:

(1)

Where qx, qy and qz respectively represent the 
heat flux along the x, y and z axes per unit area.

Applying the thermal conservation law by 
equalizing the heat produced by the unit element 
Qdxdydz with the heat received due to the tem-
perature change , we obtain:

  (2)

Where C, is the specific calorific capacity, ρ 
is the density and, T (x, y, z, t) is the temperature 
distribution.

According to, the Fourier law, the heat flux 
along the axes x, y and z are defined as:

better cooling and ventilation than full discs by 
elevating convective heat transfer surfaces. The 
design of ventilated discs is based on the constric-
tive material, the number, size and shape of the 
fins (radial fins, curves, circular pins, etc.) which 
are variable, thus ensuring better heat absorption 
capacity.

Figure 1. Types of discs: (a) Full disc (b) Ventilated disc.

The gradients in the throat of the bowl are 
explained in the same way. At the beginning of 
braking, the temperature of the bowl is at 20 °C 
while that of the tracks is a few hundred degrees. 
In addition, in order to prevent the hub tempera-
ture from being too high, which would cause tire 
temperature increases, which is very critical of 
its behavior, the throat is machined so as not to 
transmit too much heat to the hub bowl (figure 
2). With this machining, the temperature of the 
bowl actually decreases, but the thermal gradi-
ents increase consequently in this zone. These 
give rise to thermal stresses which explain the 
rupture of bowl observed during severe experi-
mental tests.

Figure 2. Calorific throat in a ventilated disc. 
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  (3)

After replacement in Equation (2), we obtain the 
following differential equation with the tempera-
ture variable T,

(4)

Finally, the three-dimensional thermal conduc-
tion equation in vector form is given as follows:

  
  (5)

Convection processes

Convection is a heat transfer in a material medium 
with a movement of matter. This mode of transfer 
therefore concerns only fluids or exchanges be-
tween a solid and a fluid. This transfer mechanism 
is governed by Newton's law (figure 4):

  (6)

Figure 4. Definition of an exchange surface element. 

with: φ is heat flow transmitted by convection 
(W), h is the coefficient of exchange by convection 
(Wm-2°C-1), Tp is surface temperature (°C), T∞ is 
temperature of the medium surrounding the sur-
face (°C), and S is the area of contact surface, solid/
fluid (m2). 

Calculating heat fluxes entering the disc

The forces acting on the wheels during braking

By observing the situation described in figure 5, the 
longitudinal and transverse equilibrium of the vehi-
cle can be written along the local axes x, y of the car.

Figure 5. Definition of the forces acting on an 
automobile during braking. 

  (7)

  (8)

  (9)

with

  
  

  (10)

  (11)

  (12)

  (13)
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For a road vehicle, the rolling force FRR=FG fr cos 
α is due to the flat formed by a tire on the road, fr 
is the rolling resistance coefficient. For a high pres-
sure tire (fr=0.015)

  (14)

The aerodynamic force is given by:

  (15)

With CX coefficient of form, equal to: 0.3 to 0.4 
on car

AF (m
2) frontal surface; in the approach, for a 

road passenger vehicle, we can take:
AF=0.8×height×width S
ρa air density

Total braking power

  (16)

  (17)

  (18)

In the case of flat braking (figure 6), the resis-
tances due to rolling and to the slope are neglected  
(FRR=0 and FRP=0), the penetration into the air is 
generally negligible, for this reason, (FRA=0)

Figure 6. External forces acting on the vehicle during 
braking on a flat road.

  (19)

  (20)

  (21)

  (22)

If we define, Let ϕ the factor of the ratio of the 
braking power with respect to the rear wheels 
PFH=ϕmav then, PFV= (1-ϕ)mav

if a is constant, we have:

  (23)
  
  (24)

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

  (25)

At time t = 0, we have

  (26)

The braking efficiency is then defined by the ra-
tio between the deceleration (a) and the accelera-
tion (g):

  (27)

  (28)

The purpose of the brake discs is to dissipate 
mechanical energy into heat. For trains or cars, dur-
ing braking, the kinetic energy of the automobile 
must be lost and each surface of the disc receives 
an equal flux uniformly distributed between the di-
ameters. The disc pad assembly heats up under this 
action and cools in the ambient air. As these brakes 
are repeated, the brake discs are subjected to ther-
momechanical fatigue. In the automotive industry, 
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many studies have shown that braking can gener-
ate temperatures in excess of 700 °C in a matter of 
seconds.

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

  (29)

The expression of the transformed friction pow-
er per unit area is thus:

  (30)

The quantity Q’v indicates the heat flow ab-
sorbed by the disc which must be housed only on 
the actual contact surface. Where Ad is the surface 
of the rotor to which a brake pad pivots. By defini-
tion, the operating factor εp of the friction surface is 
given by the following formula:

  (31)

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

  (32)

Heat flux entering the disc

During efficient braking, the kinetic energy of a ve-
hicle is therefore converted into thermal energy. 
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 (Reimpel, 
1998):

  (33)

Where a is the vehicle deceleration [ms-2], 
z=a/g is the braking effectiveness, and g is the 

gravity acceleration constant (9.81) [ms-2]. The 
brake disc actually absorbs more than 90% of the 
heat generated by friction (Cruceanu, 2007, p. 
388). Given the difficulty of the problem treated, 
we will assume that the brake pads must be re-
placed by their friction effect and that they must 
be fictitiously represented by an incoming heat 
flux (figure 7).

Figure 7. Application of flux.

In order to allow us to easily compare the re-
sults, the concrete dimensions of the two discs (full 
and ventilated) are quite similar. The main dimen-
sions of the disc and the parameters involved are 
summarized in table 1.

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

We chose for the brake disc, gray cast iron ma-
terial (FG 15) of carbon composition (Gotowicki 
et al., 2005), better thermomechanical specificities 
which are summarized in table 2. 

Specific heat capacity and thermal conductivity 
of the material depend on the temperature are re-
presented in figures 8 and 9.

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 v0 , m/s 28

Deceleration a , m/s2 8

Time of braking tb , s 3.5

Effective disc radius Rdisc ,mm 100.5

Ratio braking forces distribution ϕ, % 20

Factor ofdisc charge distribution εp
0.5

Disc’s swept area Ad, mm2 35993
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Table 2. Disc material properties for thermal analysis.

Figure 8. Thermal conductivity as a function of 
temperature. 

Figure 9. Specific heat capacity as a function of 
temperature. 

CFD analysis with ansys CFX

Knowledge of the coefficient of exchange (h) in the 
flows is important and in the large backwater simu-
lation, the turbulence model of k-ε of RNG is usual-
ly considered a desirable choice regarding rotation 
or swirling flow. Using ANSIS ICEM CFD, we have 
developed the presentation of the internal and ex-
ternal 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 figures 10 and 11. 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 element of the mesh adopted 
in the calculation is tetrahedral linear with 30717 
nodes and 179798 elements according to figure 12.

Figure 10. Full disc faces. 

Figure 11. Ventilated disc faces. 

Material Properties Disc

Thermal conductivity, k (W/m°C) 57
Volumetric mass density,  (kg/m3) 7250
Specific heat capacity, c (J/Kg. °C) 460
Poisson’s ratio, 0.28
Thermal expansion,  (10-6 / °C) 10.85
Young modulus, E (GPa) 138
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Figure 12. Wall meshes CFD simulation.

Fluid mesh generation

To allow us to develop the model corresponding to 
the domain of the fluid which is the air, we adopt-
ed a linear tetrahedral mesh with 30717 nodes and 
179798 elements as illustrated in figure 13.

Figure 13. Meshing for a fluid body. 

Using the ANSYS ICEM CFD software, and be-
cause of the symmetry of the brake disc, only a 
quarter of the fluid domain was taken into account 
in the calculations (figure 14).

Figure 14. Fluid body surfaces in ANSYS ICEM CFD. 

The automatic model resolution (fluid-solid) al-
lows us to draw at the end of simulation the values 
of the convective heat exchange coefficient (h) as 
a function of the time of the disc wall. The results 
obtained from the calculations for the two discs in 
the steady state are clearly shown on the figure 15.

Figure 15 (b)-(c)-(d) show the distribution fields 
of the exchange coefficient (h) for the three types 
of materials. It is found that the behavior of (h) in 
the disc does not depend on the material chosen. 
The distribution of (h) in the disc is not the same as 
that existing in the literature.

Figure 15. Wall heat transfer coefficient distribution on 
a brake disc for various material at the steady state case. 
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Table 3. Value of the heat transfer coefficient of 
different surfaces in the stationary case for a full disc 

(FG 15).

Table 4 shows the mean values of the convec-
tive heat transfer coefficient (h) calculated by the 
minimum and maximum values of the various sur-
faces of the ventilated disc. It is found that the type 
of the material does not have a great influence on 
the variation of the convective heat transfer co-
efficient (h). Contrary to the first case, it is found 
that the value of the heat exchange coefficient (h) 
is strongly influenced by the ventilation system for 
the same material (FG 15).

Table 4. Value of the heat transfer coefficient of 
different surfaces in the stationary case for a ventilated 

disc (FG 25 AL, FG 20 and FG15).

Evaluation of the heat- exchange coefficient (h)

The convective heat exchange coefficient (h) or the 
coefficient of the film is a physical factor which is 
subordinate to the speed of the air flow and the 

Figure 16. CFD simulation results of convective heat exchange coefficient (h) for different l disc faces in transient 
mode of material (FG 15). 

 FG 15

Surface  hmoy= [W m-2 k-1]

SC1 25,29168

SC2 5,18003

SC3 2,922075

SC4 11,77396

SF1 111,20765

SF3 53,15547

ST2 23,22845

ST3 65,6994

ST4 44,26725

SV1 81,37535

SV2 71,75842

SV3 41,83303

SV4 65,82545

Matériau FG 25 AL FG 20 FG15

Surface hmoy= [W m-2 k-1]

SC1 54,16235 53,926035 53,8749

SC2 84,6842 83,7842 83,6516

SC3 44,4171 44,3485 44,32945

SF1 et 2 135,4039 135,0584 135,00065

SF3 97,17095 95.0479 94,8257

SPV1 170,64715 171.4507 171,56955

SPV2 134,08145 134.3285 134,3615

SPV3 191 ,2441 191.9436 192,0391

SPV4 175,16665 176,13395 176,2763

ST1 113,6098 114,3962 114,391555

ST2 35,0993 34,47225 34,3473

ST3 68,33155 66,33155 66,0317

ST4 75,09445 72,1235 71,6642

SV1 135,5299 131,11825 131,20745

SV2 119,25715 118,464835 118,20395

SV3 46,70225 44,8195 44,52635

SV4 111,57685 108,5044 108,1817
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Figure 17. Variation of the heat transfer coefficient (h) on the disc surface as a function of time for a material 
(FG 15). 

Figure 18. Braking power variation during simulation 
time. 

Figure 19. Heat flux variation during simulation 
time.
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geometry of the disc as well as other parameters 
related to the braking phenomena. This factor ge-
nerally depends on the convection regime and the 
surface geometry but practically it has nothing to 
do with the material.

Figure 16 illustrates the evolution of the con-
vective 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 figure17, the variation 
of the convective thermal coefficient of the wall as 
a function of time for the faces SV1 and SPV2 be-
longing respectively to the full and disc ventilated 
disc and for the same material FG15.

Thermal loading applied to the disc

In this work, we have modeled the three-dimen-
sional (3D) temperature of the brake disc for a stop 
braking of a medium-class vehicle, the speed of 
the latter reduces linearly with time until the brak-
ing time (t=3.5 s) and then stabilizes at zero until 
the end of the simulation (t=45 s), which is shown 
schematically in figure 18. The thermal loading im-
posed on the disc is expressed by a heat flux gen-
erated by friction and it follows the same behavior 
of the velocity and whose time variation is well 
shown in figure 19.

Mesh of disc brake model

The step of generating the mesh of the structure in 
the Workbench simulation is essential. For more ac-
curate 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 Figure 20; a full mesh disc in 172103 

nodes and 114421 elements and a ventilated mesh 
disc of 154679 nodes and 94117 elements.

Boundary conditions applied to the model

We now simulate the brake disc in transient ther-
mal regime under ANSYS Workbench software by 
introducing the involved materials properties and 
the boundary conditions. The total time of the sim-
ulation (t = 45 s) is the total braking time of the 
vehicle whose initial surface temperature of the 
disc is set at 20 °C (ambient temperature). In our 
simulation, we tested three types of gray cast iron 
(FG25AL, FG20 and FG 15) while exploiting the 
values of the heat transfer coefficient (h), those pre-
viously found in the form of curves (see figure 16) 
without forgetting to introduce the value of incom-
ing stream obtained from the code ANSYS CFX.

Figure 20. Reffined mesh on disc friction tracks: (a) Full 
disc, (b) Ventilated. 

Simulation results and discussions

Results of the disc temperature

On the figure. 21, we have shown for each type of 
material selected (FG 25 Al, FG 20, FG 15), the evo-
lution of the temperature of the disc at the moment 
when it is reached. 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 (345.44°C) lower 
than those of the other materials FG 25 AL and 
FG 20 respectively, of temperatures 380.2 °C and 
351.58 °C. From this figure, the material of Fonte 
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Grise FG15 has a better thermal behavior. The full 
disc temperature reached its apogee value 401.55 
°C at time t = 1.8839 s as indicated in figure 22, and 
then decreases exponentially to 4.9293 s on rea-
ching the end of braking (t = 45 s). Figure 23 illus-
trates 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 is observed that the ventilated disc 
having a reduced temperature of almost 60 °C com-
pared to a full disc. We conclude that ventilated 
brake discs in the vehicle design represent a good 
ventilation system and best means of cooling and 
them decrease temperatures better than full discs.

Conclusion

The present work presents a complex brake disc 
model to determine the values   of the heat exchange 
coefficient by convection (h) 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-dimen-
sional temperature was visualized using ANSYS 
Multiphysics 11.0 finite element software. The pur-
pose of the contribution is to show the impact of 
ventilation in the cooling of discs in service which 

Figure 21. Results of thermal analysis of ventilated model for the three materials types FG 25 AL, (b) FG 20, (c) FG 15.

Figure 22. Contour of the two discs temperature distribution for material (FG15) (a) Full disc, (b) Ventilated disc.
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gives better thermal resistance by guaranteeing a 
better service life of these. As a conclusion, one 
could say that the numerical results of this simula-
tion are quite adequate compared to what can be 
found in the literature. It is recommended that the 
same problem be solved on the experimental as 
an example through the test benches in order to 
validate the numerical model to match the current 
reality.
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 Figure 23. Evolution of disc temperature with braking time for material (FG 15).


