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ABSTRACT 

One of the most important components in a road vehicle is its braking system. During braking, a large 

amount of heat can be created and has to be absorbed by brake components in a very short space of time. The 

absorbed heat must be effectively dissipated to achieve satisfactory performance of the braking system. If this heat 

is not dissipated effectively the temperatures in the brake and surrounding components become too high may lead 

to excessive component wear. In high-demand braking applications, vented discs are increasingly being used as 

these are considered to have high heat-dissipating characteristics. Ventilated discs have consisted of two rubbing 

surfaces separated by straight or radial vane. The cooling efficiency of ventilated brakes depends on three key 

characteristics: the mass flow rate through the disc, i.e. the pumping efficiency of the rotor, the average heat 

transfer coefficient on the surface of the disc, and the surface area of the rotor. Performance of brake disc under 

various operating conditions is generally obtained through an experimental testing and could be cost prohibitive. In 

this case the computational fluid Dynamics analysis provides better results. The capability of using computational 

fluid dynamics is a test to determine its viability for determining its performance parameters. The objective the 

project is to analyse the heat transfer and flow characteristics of brake disc with straight vanes. Since the vanes 

provide air pumping as well as heat dissipation, any design change to the vanes will inevitably affect the flow 

(speed distribution, mass flow, air pressure etc.) and directly and indirectly heat dissipation characteristics. The 

analysis would be carried out by varying the number vanes around the brake disc. Commercial CFD code CFX 

would be used to simulate the heat transfer coefficient, velocity distributions, temperature contours, inside the 

brake disc for various air flow rate. 
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INTRODUCTION 

A braking system is one of the most important safety components of an automobile. It is mainly used to 

decelerate vehicles from an initial speed to a given speed. In some vehicles, the kinetic energy is able to be 

converted to electric energy and stored into batteries for future usage. These types of vehicles are known as electric 

or hybrid vehicles. However, these kinds of vehicles still need a backup system due to sometimes insufficient 

electric energy or failures which inevitably increase the cost of the vehicles. So friction based braking systems are 

still the common device to convert kinetic energy into thermal energy, through friction between the brake pads and 

the rotor faces. Based on the design configurations, vehicle friction brakes can be grouped into drum and disc 

brakes. The drum brakes use brake shoes that are pushed in a radial direction against a brake drum. The disc brakes 

use pads that are pressed axially against a rotor or disc. Under extreme conditions, such as descending a steep hill 

with a heavy load, or repeated high-speed decelerations, drum brakes would often fade and lose effectiveness. 

Compared with their counterpart, disc brakes would operate with less fade under the same conditions. An 

additional advantage of disc brakes is their linear relationship between brake torque and pad/rotor friction 

coefficient. Advantages of disc brakes over drum brakes have led to their universal use on passenger-car and light 

truck front axles, many rear axles, and medium-weight trucks on both axles. Thus, how to select better geometrical 

design variables and improve thermal performance of automotive brake rotors is a task that the vehicle designers 

and researchers are often confronted. Friction-braking systems have always been, and are still the universally 

adopted method of retardation of automobiles. Friction brakes operate by converting the vehicles kinetic and 

potential energy into thermal energy. 

APPPLICATIONS OF DISC BRAKE 

On Motorcycles: Motorcycle disc brakes have become increasingly sophisticated since their introduction in 1969 

on the Honda CB750. Motorcycle discs are usually drilled and occasionally slotted, to help remove rain water. The 

front brake(s) provide most of the required deceleration, while the rear brake serves mainly as to "balance" the 

motorcycle during braking. A modern sports bike will typically have twin front discs of large diameter, but only a 

very much smaller single rear disc.  
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On Bicycles: Mountain bike disc brakes range from simple, mechanical (cable) systems, too expensive and 

powerful, 6-pot (piston) hydraulic disc systems, commonly used on downhill racing bikes. Improved technology 

has seen the creation of the first vented discs for use on mountain bikes, similar to those on cars, introduced to help 

avoid heat fade on fast alpine descents. Discs are thin, often about 2 mm.Some use a two-piece floating disc style, 

others use a floating caliper, other pads that float in the caliper, and some use one moving pad that makes the 

caliper slide on its mounts, pulling the other pad into contact with the disc.  

On other vehicles: Disc brakes are increasingly used on very large and heavy road vehicles, where previously 

large drum brakes were nearly universal. One reason is the disc's lack of self-assist makes brake force much more 

predictable, so peak brake force can be raised without more risk of braking-induced steering or jackknife on 

articulated vehicles. For these reasons, a heavy truck with disc brakes can stop in about 120% the distance of a 

passenger car, but with drums stopping takes about 150% the distance. In Europe, stopping distance regulations 

essentially require disc brakes for heavy vehicles. Yet larger discs are used for railroads and some airplanes. 

Passenger rail cars and light rail often use disc brakes outboard of the wheels, which helps ensure a free flow of 

cooling air. In contrast, some airplanes have the brake mounted with very little cooling and the brake gets quite hot 

in a stop, but this is acceptable as the maximum braking energy is very predictable. 

COMPUTATIONAL FLUID DYNAMICS 

CFD provides numerical approximation to the equations that govern fluid motion. Application of the CFD to 

analyze a fluid problem requires the following steps. First, the mathematical equations describing the fluid flow are 

written. These are usually a set of partial differential equations. A pre-processor, which is used to input the problem 

geometry, generate the grid, and define the flow parameter and the boundary conditions to the code. A flow solver, 

which is used to solve the governing equations of the flow subject to the conditions provided. There are four 

different methods used as a flow solver: (i) finite difference method; (ii) finite element method, (iii) finite volume 

method, and (iv) spectral method.  

CFD Methodology: CFD software –either manually written code or the commercially available packages go by a 

articular series of steps that are universal to any method or approach to a CFD problem. They are 1.  Preprocessing 

2. Analysis 3. Post Processing.  

CFD TOOL – ANSYS CFX: CFX is a commercial Computational Fluid Dynamics (CFD) program, used to 

simulate fluid flow in a variety of applications. The ANSYS CFX product allows engineers to test systems in a 

virtual environment. The scalable program has been applied to the simulation of water flowing past ship hulls, gas 

turbine engines (including the compressors, combustion chamber, turbines and afterburners), aircraft aerodynamics, 

pumps, fans, HVAC systems, mixing vessels, hydro cyclones, vacuum cleaners and more. ANSYS CFX is a high-

performance, general purpose CFD program that has of ANSYS CFX is its advanced solver technology, the key to 

achieving reliable and accurate solutions quickly and robustly. 

DEFINITION OF PROBLEM: The following problems are addressed with respect to disc brakes 

i. To improve the performance of a vented brake disc understanding of flow and heat transfer phenomena is of 

utmost importance ii. During braking, a large amount of heat can be created and it must be effectively dissipated to 

achieve satisfactory performance of the braking system. iii. If this heat is not dissipated effectively the temperatures 

in the brake and surrounding components become too high may lead to excessive component wear. iv. Vanes 

provide air pumping as well as heat dissipation, any design change to the vanes will inevitably affect the flow 

(mass flow and air pressure.) and directly and indirectly heat dissipation characteristics. v. The increased number of 

vanes is not always a good solution, Since at lower speeds and when vehicle is stationary, natural convection is 

very important mechanism of heat dissipation. 

CFD ANALYSIS: This is the initial step in analysis process. The primary purpose of geometry creation is to 

generate a solid that defines region for fluid flow. This section describes creation of geometry. Dimensions and 

geometry details of existing model was collected. Modeling was done using Pro E Wild Fire 2.0 and exported in 

IGES format. The models of disc with vanes have been shown in the following figures 
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Fig 2.1a Disc Without vanes Fig 2.1b 16 vanes Fig 2.1c 24 vanes Fig 2.1d 32 vanes 

Fig 2.1  Disc Brake Models 

CREATING REGIONS AND MESHING 

This step defines creation of regions and geometry. 2D region is created for defining inlet and outlet. 

Creation of regions facilitates to assign boundary condition for inlet, outlet and other defined regions. The 

advantage of applying regions to the geometry is that they are directly associated to the model; if we remesh the 

geometry, they remain associated with the model. Once a new mesh is created, the regions are automatically 

reassigned. 

Mesh generation is the process by which spatial discretisation of CFD model is accomplished. Meshing is 

based on tetrahedron element discretisation. The model is exported in IGES format and is used in ICEM- CFD tool. 

Surface and volume meshes were generated using this tool by defining the type of meshing element. 

 

    

Fig 2.2 a) Disc with Vanes Fig.2.2 b) 16 vanes Fig 2.2 c) 24 vanes Fig 2.2 d) 32 vanes 

Fig 2.2 Meshed Models 

RESULT AND DISCUSSION 

Heat transfer coefficient: The variation of heat transfer coefficient for brake disc with and without vanes. Since 

the convective heat transfer co efficient is directly proportional to the heat transfer rate higher the heat transfer 

coefficient will lead to higher heat transfer rate. The results show that providing vanes obviously increases the heat 

transfer coefficient. While comparing the results of 16 vanes and 24 vanes heat transfer coefficient has increased on 

the surface of disc for the latter case. The results of 32 vanes show that no significant variation of values when 

compared to 24 vanes. 

  
 

 

 
 

 

Fig 3.1 variation of wall heat transfer coefficient 

Velocity vectors: The velocity vector shows the direction of fluid particles over the disc surface with vanes. The 

results of 16 vanes show that strong recirculation zones near the wall of vanes. The recirculation zones cause flow 

separation and also it will result in energy loss in the flow. In the case of 24 vanes relatively smaller recirculation 

zones have been observed. No significant recirculation zones have been observed in 32. 
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Fig 3.2 Velocity Vectors 

CONCLUSION 

Thus CFD analysis of ventilated brake disc has been carried out and the following conclusion has been drawn. 

By providing vanes in the disc have significantly increased the cooling rate and temperature distribution over the 

disc surface is relatively uniform. The maximum value of heat transfer coefficient (156.99 W/m2 K) has been 

obtained for disc with 24 vanes and no significant variation of heat transfer coefficient has been obtained when the 

number vanes have been increased with 32 vanes The temperature distribution over the disc is relatively more 

uniform in the case of 24 and 32 vanes. Strong recirculation zones in the flow path have been observed for 16 vanes 

which ultimately causes energy dissipation which is less in the case of other types. The velocity gradient is 

relatively low in the case of 24 vanes which is desirable for uniformity in flow region.  
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