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Abstract— Braking system represents one of the most 

fundamental safety critical components in modern vehicles. 

Brake absorbs kinetic energy of the rotating parts (Wheels) 

and the energy is dissipated in the form of heat energy to the 

surrounding atmosphere. It decelerates or stops the vehicle. 

When brake is applied to the disc brake it is subjected to high 

stress, thus it may suffer structural and wear issues. In order 

to ensure better life of Disc Rotor heat dissipation is the 

primary factor to be taken into consideration. Air movement 

along the through the rotor also plays crucial part in 

deciphering the life of rotor. The first stage includes 

designing CAD model using SolidWorks. Second stage 

involves CFX Analysis to determine the heat distribution. 
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I. INTRODUCTION 

The braking performance of the automotive is one of the most 

important factors that affected the traffic safety and brake is 

the key component related to the running safety of the 

automotive. It is found that 50% of the accidents occur due to 

brakes according to slide slip accident analysis. The 

numerical simulation of the temperature field is the main 

method of solving the brake thermal recession and thermal 

fatigue. The biggest difficult is the analysis of the transient 

and alternating temperature field during braking process and 

the establishment of a simplified model of the thermal -

structural coupling. 

 
Fig. 1: Assembly of Disc Brake 

A. Disc Brake 

The disc brake is a device for slowing or stopping the rotation 

of a wheel. A brake disc (or rotor) usually made of cast iron 

or ceramic composites (including carbon, Kevlar and silica), 

is connected to the wheel and/or the axle. To stop the wheel, 

friction material in the form of brake pads (mounted on a 

device called a brake calliper) electromagnetically against 

both sides of the disc. Friction causes the disc and attached 

wheel to slow or stop. Most modern cars have disc brakes on 

the front wheels, and some have disc brakes on all four 

wheels. This is the part of the brake system that does the 

actual work of stopping the car. In today’s growing 

automotive market the competition for better performance 

vehicle in growing enormously. The racing fans involved will 

surely know the importance of a good brake system not only 

for safety but also for staying competitive As we aware of the 

fact that races are won over split of a second therefore the 

capacity of the brake system to slow down quickly at turns or 

corners is very important The brakes designed for the purpose 

of racing need to have very high braking efficiency. The wear 

and tear of the pads or the cost is not of great concern to the 

manufacturer of the racing car brakes. 

B. Calliper 

 
Fig. 2: Disc Brake Calliper 

The disc brake calliper assembly is bolted to the vehicle axle 

housing or suspension. 

There are 2 main types: 

1) Fixed And 

2) Sliding 

 Fixed callipers can have 2, 3, or 4 pistons. 2-piston 

callipers have one piston on each side of the disc. Each piston 

has its own disc pad. When the brakes are applied, hydraulic 

pressure forces both pistons inwards, causing the pads to 

come in contact with the rotating disc. The sliding or floating 

calliper has 2 pads but only 1 piston. The calliper is mounted 

on pins or bushes that let it move from side to side. When the 

brakes are applied, hydraulic pressure forces the piston 

inwards. This pushes the pad against the disc. The calliper is 

free to move on slides, so there is a clamping effect between 

the inner and outer pads. Equal force is then applied to both 

pads which clamp against the disc. In disc brake callipers, the 

piston moves against a stationary square section sealing ring. 

When the brakes are applied, the piston slightly deforms the 

seal. When the brakes are released, the seal returns to its 

original shape. The action of this sealing ring retracts the 

piston to provide a small running clearance between the disc 

and pads. It also makes the brake self-adjusting. 

C. Rotor 

The disk rotor is made of iron with highly machined surfaces 

where the brake pads contact it. The two main functions of 

the brake rotor are the transmission of mechanical force and 

the dissipation of heat, produced when functioning at both 

medium and high temperature. This means that the materials 

used for brake discs must be able to support high 

temperatures. The rotor material must be cost effective, 

allowing for potential reductions in weight as well as for the 

stability of the components. Just as the brake pads wear out 

over time, the rotor also undergoes some wear, usually in the 
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form of ridges and groves where the brake pad rubs against 

it.  This wear pattern exactly matches the wear pattern of the 

pads as they seat themselves to the rotor.  When the pads are 

replaced, the rotor must be machined smooth to allow the new 

pads to have an even contact surface to work with.  Only a 

small amount of material can be machined off of a rotor 

before it becomes unusable and must be replaced.  A 

minimum thickness measurement is stamped on every rotor 

and the technician doing the brake job will measure the rotor 

before and after machining it to make sure it doesn't go below 

the legal minimum.  If a rotor is cut below the minimum, it 

will not be able to handle the high heat that brakes normally 

generate. 

 Disc brakes have rotors to dissipate heat so the 

brakes work efficiently. In high performance vehicles, the 

rotors are made from composite materials, ceramics, or 

carbon fibre; otherwise, they're made of iron 

 
Fig. 3: Rotor 

II. MATERIAL USED IN ANALYSIS 

A. Gray Cast Iron 

Gray Cast Iron is a type of Cast Iron that has a graphitic 

microstructure. It is named after the gray colour of the 

fractured forms which is due to the presence of graphite. It is 

the most common cast iron and the most widely used cast 

material based on weight. Gray iron is a common engineering 

alloy due to its low cost and good machinability. It also good 

wear resistance because the graphite fake self-lubricate. The 

graphite also gives gray cast iron an excellent damping 

capacity because it absorbs energy and converts it into heat. 

Gray Cast iron has low tensile strength and ductility therefore 

its impact and shock resistance is almost non-existent. 

III. GEOMETRY 

 
Fig. 4: Geometry Imported in ANSYS 

An enclosure is created around the geometry which has a 

volume filled with air at 25°c. 

 Following is the geometry of the model along with 

the generated enclosure- 

 
Fig. 5: Geometry of Model with Enclosure 

IV. AIM OF PRESENT WORK 

Aim of the present work is to model a geometry of a disc rotor 

and carry out CFX Thermal analysis of the geometry to 

determine thermal distribution and heat dissipation under Air 

flow condition. 

 The temperature distribution on the model further 

justifies the capability of the model to absorb and hence 

reduce temperature in specific interval of time. 

V. LITERATURE REVIEW 

A detailed literature review was done on a lot of published 

research papers featuring in a wide range of journals. Some 

of those which have inspired this work in a more promising 

way have been critically analysed below. 

A. Design & Transient Thermal Analysis of Disc Brake 

Rotor 

The objective of this work is to validate the design of disc 

brake rotor using Finite element analysis. The main objective 

of this work is to provide better braking performance as 

experienced in high end automobiles into economical 

vehicles. The first stage includes designing CAD model using 

SolidWorks. Second stage includes analysis on the basis of 

Structural, Modal, Harmonic Response, Temperature 

Variation is calculated on static basis and also throughout the 

braking time in transient thermal analysis. 

B. Cooling Analysis of Disc Brake Rotors 

This paper presents equations for determining the convective 

heat transfer coefficients of solid and ventilated disc brakes. 

Analysis of data indicates that the cooling capacity of a 

ventilated rotor is sharply reduced at lower speeds, and most 

cooling is provided by the increased surface area. A general 

relationship derived from road test data is presented that 

yields the heat transfer coefficient for both disc and drum 

brakes of commercial vehicles. 

C. Prediction of Surface Temperatures in Passenger Car 

Disc Brakes 

Fade characteristics of disc brakes largely depend upon the 

rubbing surface temperature excursions during various 

braking manoeuvres. Surface temperature is very difficult to 
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measure accurately under transient conditions. Therefore, a 

combined experimental-analytical approach is necessary. 

Temperature patterns in passenger car disc brakes undergoing 

various braking schedules have been predicted. These 

predictions are the result of a finite difference solution of the 

three-dimensional heat conduction equation in the entire rotor 

with appropriate convective and radiative cooling from all 

boundaries. 

VI. METHODOLOGY 

The methodology used in this work mainly divided into 

following parts- 

1) Geometrical modelling 

2) Creating an enclosure for geometry 

3) Applying Boundary conditions 

4) Solving the setup 

5) Simulation of the results 

SolidWorks interactive application which is a CAD software 

is used to model the geometry of the rotor. 

 CFX is fully integrated into the ANSYS Workbench 

environment, a platform designed for efficient and flexible 

workflows, CAD associatively and powerful capabilities in 

geometry modelling and meshing. 

VII. MESHED MODEL 

Following is the meshed model of the rotor 

 
Fig. 6: Meshed Model of Rotor 

Further the model is merged with the enclosure which is 

created. The combined model of the rotor and the enclosure 

hence acts as a single body. 

Following is the meshed model of the merged body- 

 
Fig. 7: Meshed Model of Enclosure 

VIII. BOUNDARY CONDITIONS 

The boundary conditions associated to the Disc Rotor should 

be such that they facilitate air flow in every possible direction 

through the vents and slots provided throughout the body of 

the rotor. 

 For that purpose the inlet condition represents air 

flowing at the velocity of 20m/s. A wall having no slip 

condition and smoothness of the wall is assumed. An outlet 

condition is provided facilitating free flow of air at average 

static pressure, with relative pressure assumed to be 0Pa. 

 
Fig. 8: 

IX. SOLVER RESULTS 

 
Fig. 9: 

 In Ansys solver manager there are two windows 

created. One window shows the convergence history plots. 

These plots are basically just the graphical representation of 

the calculations done simultaneously where various boundary 

conditions, physical properties are used to create the model. 

The solver manager converges the data and hence creates the 

model on which the results may be viewed according to the 

required input parameters. 
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X. RESULTS 

 
Fig. 10: 

The animation is created in which a air film at 25°c passes 

through the model of the disc rotor. The further images make 

it clear that the air film helps in dissipating majority of 

temperature by the means of convection and brings the rotor 

to room temperature. 

 The further snap of the animation thus created shows 

us the temperature distribution of the film after it passes 

through the disc rotor. It is clear that max temperature of the 

air film absorbed is 343K. 

 
Fig. 11: 

XI. CONCLUSION 

It is clear from this work that the heat dissipation in this rotor 

by convection through air film plays a vital role in its purpose. 

This heat dissipation serves the purpose of the decrease of the 

possiblity of brake fade and increasing the life of the rotor 

along with the help of the uniqueness of the design.The 

temperatue alonf the periphery of the rotor is brought under 

to 300K which helps to locate the brake pads and hence 

ensures that its operating temperature are not high. 
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