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Abstract: One of the foremost vital elements during a road vehicle is its braking system. throughout braking,
an oversized quantity of warmth is created and needs to be absorbed by brake elements during a} very short
area of your time. The absorbed heat should be effectively dissipated to attain satisfactory performance of the
braking system. If this heat isn't dissipated effectively the temperatures within the brake and close elements
become too high might cause excessive part wear. In high-demand braking applications, ventilated discs square
measure progressively being employed as these square measure thought of to possess high heat-dissipating
characteristics. airy discs have consisted of 2 rubbing surfaces separated by straight or radial vane. during this
case the procedure fluid Dynamics analysis provides higher results. the potential of victimisation procedure
fluid dynamics could be a check to work out its viability for determinative its performance parameters. the target
this paper is to research the warmth transfer and flow characteristics of brake disc with straight vanes. The
analysis would be dispensed by variable the quantity vanes round the brake disc. the fabric of brake disc and
therefore the vanes to be taken as gray forged iron, the vanes would be sew together the disc. business CFD
code CFX would be wont to simulate the warmth transfer constant, rate distributions, temperature contours
within the brake disc for numerous air flow.
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INTRODUCTION brakes use pads that square measure ironed axially

A braking system is one among the foremost vital raining a steep hill with a significant load, or perennial
safety elements of associate automobile. it's primarily high-speed decelerations, drum brakes would usually fade
wont to decelerate vehicles from associate initial speed to and lose effectiveness. Compared with their counterpart,
a given speed. In some vehicles, the K.E. is in a position disc brakes would operate with less fade beneath an
to be reborn to electrical energy and keep into batteries equivalent conditions. a further advantage of disc brakes
for future usage. These varieties of vehicles square is their linear relationship between brake force and
measure called electrical or hybrid vehicles. However, pad/rotor friction constant. blessings of disc brakes over
these forms of vehicles still would like a backup system drum brakes have junction rectifier to their universal use
because of typically short electrical energy or failures that on passenger-car and light-truck front axles, several rear
inevitably increase the value of the vehicles. therefore axles and medium-weight trucks on each axles. Thus, a
friction based mostly braking systems square measure still way to choose higher geometrical style variables and
the common device to convert K.E. into thermal energy, improve thermal performance of automotive brake.
through friction between the constraint and therefore the Numerous brake discs are designed in recent years
rotor faces. however the impression remains that the advance in

Based on the look configurations, vehicle friction cooling characteristics remains comparatively modest.
brakes is classified into drum and disc brakes. The drum printed work concentrates on ventilation in terms of
brakes use brake shoes that square measure pushed recent shapes for disc vanes and/or pillars, theoretical
during a radial direction against a cylinder. The disc modeling and experimental results. However,

against a rotor or disc. beneath extreme conditions, like
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comparatively very little is printed in respect to the
elemental understanding of the air flow and warmth
dissipation, so as to determine methodologies for
planning new, higher performance discs.

According to the previous analysis one.Arthur
Stephens (2006) associate experimental approach that
concerned developing a procedure to check the air flow
around rotors and brake check facility, 2. Mirza Grebovic,
(2007) Performance parameters regarding some brake
rotors and its face style and repair life, 3. E Palmer, R.
Mishra and J. Field house, (2007) The convective chilling
from the brake discs and vehicle testing has been Fig. 1:
completed, 4. Dr Marko Tirovi  (2007) The methodology
used for planning, analyzing discs and air distribution
square measure investigated, 5. Zhongzhe Chi, (2008) The
thermal convection is analyzed victimisation associate
analytical methodology and rate distribution, temperature
contours square measure determined, 6. O.F.P. Lyons,
D.B. Murray and A. Torrance (2008) associate
investigation of associate approach to the cooling of
brake discs supported the applying of natural event air
jets, 7. Muhammad Zahir Hassan (2009) To develop a
valid thermo-mechanical finite part model considering Fig. 2:
effects in hydraulic brake system, 8. Pevec, M.; Lerher, T.;
Potrè, I. & amp; Vraneševiè, D.” (2010) The wall heat is that the rotation of the disc. the specified code and
transfer coefficients for forty one cooling vanes disc were hardware capabilities square measure terribly substantial.
calculated to all or any vehicle speeds and temperatures With the comparatively recent developments of a lot of
victimisation CFD code, 9. A. Belhocine, M. Bouchetara powerful and cheap computers and specially with the
(2011) In this study, a numerical modeling in 3 dimensions event of periodic boundary conditions (PBC).This is the
to research the thermal behavior of the total and airy initial step in analysis method. the first purpose of pure
hydraulic brake, 10. Kannan M.Munisamy*, Norshah mathematics creation is to get a solid that defines region
Hafeez Shuaib, Mo. Zamri Yusoff and Savithry K. for fluid flow. This section describes creation of pure
Thangaraju, (2011) The 3 dimensional model is simulated mathematics. Dimensions and pure mathematics details of
in CFD code FLUENT and therefore the mass flow existing model was collected. Modeling was done
through the thirty six airy blades square measure victimisation professional - E Wild hearth a pair of.0 and
compared,11.Mesut Duzgun (2012) during  this  study, exported in IGES format. The models of disc with vanes
the thermal behaviors of airy brake discs were are shown within the following Fig. 1 and Fig. 2.
investigated at continuous brake conditions in terms of
warmth generation and thermal stresses with finite part Diameter of disc = 282 millimetre
analysis. Our try is to optimize range of vanes (8, 16, 24 Thickness of Disc (Each) = 8mm (with Vanes)
and 32) on the brake disc ultimately to extend the cooling Length of van = 85mm
rate. The numerical simulation shows that radial Thickness of van = 8mm
ventilation plays a really important role in cooling of the Width of Van = 6mm
disc within the braking section.

CFD Modeling of Airy Brake DISCS: CFD could be a Making Regions and Meshing: This step defines creation
terribly powerful tool used for higher understanding the of regions and pure mathematics. 2nd region is made for
flow and warmth transfer in airy brakes and making new a outlining body of water and outlet. Creation of regions
lot of economical styles. the most downside (complexity) facilitates to assign stipulation for body of water, outlet
in victimisation this modeling technique for brake analysis and   alternative outlined   regions.   The   advantage    of

Meshing and Domain Specification
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16 Vanes 24 Vanes results solely in cases wherever mean pressure gradients
Fig. 3: CFD mesh of disc segments square measure small; accuracy has been shown by

applying regions to the pure mathematics is that they're massive adverse pressure gradients. 
directly associated to the model; if we tend to re-mesh the
pure mathematics, they continue to be related to the Fluid Domain:
model. Once a replacement mesh is made, the regions
square measure mechanically reassigned.For illustration Domain kind : Fluid Domain
functions, Fig. 3 shows the mesh used for CFD analyses. Domain name : Atmosphere

Mesh generation is that the method by that spatial Fluid: Air
discretisation of CFD model is accomplished. Meshing Domain Motion : Rotating
relies on polyhedron part discretisation. The model is Rotational Speed : 950 rate
exported in IGES format and is employed in ICEM- CFD Heat Transfer : Thermal Energy 
tool. Surface and volume meshes were generated
victimisation this tool by shaping the sort of meshing part Solid Domain:
and mesh part size.

Domain Type : Solid Domain
Element kind : Polyhedron Domain Name : Disc
Global part issue : A pair of.5 Material : Gray forged iron
Mesh kind : Volume mesh Disc Temperature : 3000 C
Number of Nodes : 219200 Domain Motion : Rotating
No. of elements : 1225260 Rotational Speed : 950 rate

Specification of Domain and Boundary Conditions: The Domain Interface: 
flow of air through and round the brake disc was analyzed
victimisation the ANSYS CFX code package. after the Interface Type : Fluid and Solid
warmth transfer coefficients considering convection and Fluid Domain : Atmosphere
radiation were calculated and arranged in such the Solid domain : Disc
simplest way, that they may be used as a stipulation in
thermal analysis. Averaged heat transfer coefficients had Boundary Conditions
to be created for all discs operative rotation speeds and Inlet:
temperatures. because the brake disc is formed from sand
casted gray forged iron, the surface roughness is taken to Boundary Type : Body of water
be a hundred ìm. Velocity : Three.5 m/s

The disc surfaces square measure heated uniformly. Turbulence : Medium (Intensity=5%)
The disc model is hooked up to associate adiabatic shaft Temperature : 250 C
whose axial length spans that of the domain. Air round
the disc is taken into account to be thirty °C and open Outlet:
boundaries with zero relative pressure were used for the
higher, lower and radial ends of the domain. a spread of Boundary Type : gap
constant angular speeds was sculptured employing a Pressure : One bar

rotating frame of reference regarding the disc and shaft
axis. Material knowledge were taken from Ansys material
knowledge library for air at twenty five °C. Reference
pressure was set to be one atm, turbulence intensity low
and turbulent model used was k-å. K-å model has been
shown to be helpful for free-shear layer flows with
comparatively little pressure gradients. Similarly, for wall-
bounded and internal flows, the model provides smart

experimentation to be reduced for flows containing
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Disc without vanes 32 vanes cause higher heat transfer rate. The results show that
Fig. 4: Computational Domains providing vanes clearly will increase the warmth transfer

Wall Boundary Conditions: and sixteen vanes heat transfer constant has exaggerated
on the surface of disc for the latter case. The results of

Heat Transfer = Adiabatic twenty four vanes show that non uniform variation heat
 Wall Influence on Flow = No Slip transfer over its surface. whereas perceptive the results of
 Wall Roughness = Sleek Wall thirty two vanes the utmost worth 122.27 W/m2 K that is

Problem Solver Stage: After shaping all the conditions (130.138 W/m2 K).
the model is foreign in CFX- problem solver Module in.def In the case of warmth transfer constant forty
format for doing repetitive calculations and to get result seconds, disc while not vanes non uniform distribution of
file. The following problem solver management parameters warmth transfer constant has been ascertained on the disc
are per CFX- Pre Module. surface. within the case of disc with vanes heat transfer

distribution is uniform over the surfaces. eight vanes
Solver Management Parameters: exhibit exaggerated heat transfer rate compared to disc

Number of iterations : Seventy five warmth transfer rate is comparatively quite eight vanes
Time scale management : Automobile duration disc. No important variation of warmth transfer constant
Residual Target : 1e-4 has been ascertained for disc with twenty four and thirty

RESULT AND DISCUSSION

Wall Heat Transfer Coefficient- After 10 Sec: Fig: 5
shows variation of warmth transfer constant for brake disc
with and while not vanes. Since the convective heat
transfer constant is directly proportional to the warmth
transfer rate higher the warmth transfer constant can

constant. whereas examination the results of eight vanes

considerably  not  up  to  worth  of  sixteen    vanes

while not vanes. what is more for sixteen vanes the

Fig: 5. variation of wall heat transfer coefficient (10 seconds)



Middle-East J. Sci. Res., 12 (12): 1602-1607, 2012

1606

Fig. 6:Temperature Distribution (10 seconds)

two vanes. during this case conjointly heat transfer earned is 278.399°C for disc with eight vanes and it's
constant for thirty two vanes is relatively not up to 277.594°C for twenty-four vanes whereas for thirty two
sixteen vanes. vanes the temperature is reduced to 279.414°C. The

Temperature Distribution- After 10 Sec: Fig.6 shows surface with vanes. The results of eight vanes show that
variation of temperature over the disc with and while not robust recirculation zones close to  the  wall  of  vanes.
vanes. The results show that when ten seconds the disc The recirculation zones cause flow separation and
(without vanes) is cooled all the way down to a minimum conjointly it'll end in energy loss within the flow. within
temperature of 294.05°C. within the case of sixteen vanes the case of sixteen vanes comparatively terribly little
the temperature is 293.643°C. The minimum temperature recirculation zones are ascertained and more rate gradient
earned is 294.101°C for disc with eight and twenty four is comparatively less during this case. No important
vanes whereas for thirty two vanes the temperature is recirculation zones are ascertained in twenty four and
reduced to 294.336°C. whereas considering the results thirty two vanes. it's learnt from the results that flow
show that when forty sec the disc (without vanes) is space has considerably reduced for twenty-four and thirty
cooled all the way down to a minimum temperature of two vanes. The results conjointly show that the rate
277.601°C. within the case of sixteen vanes the gradient is comparatively a lot of within the case of
temperature is 276.705°C. The minimum temperature twenty four and thirty two vanes. 

Figure7 shows the direction of fluid particles over the disc
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Velocity Rate Vectors:

Fig. 7: Velocity Vectors

CONCLUSION REFERENCES

Thus CFD analysis of airy brake disc has been 1. Arthur Stephens, “Aerodynamic Cooling of
dispensed and therefore the following conclusion has Automotive Disc Brakes "in 2006.
been drawn, By providing vanes within the disc have 2. Mirza Grebovic, “Investigation of the Effects on
considerably exaggerated the cooling rate and Braking Performance of Different Brake Rotor
temperature distribution over the disc surface is Designs” in 2007.
comparatively uniform. the utmost  worth  of  warmth 3. Palmer, E., R. Mishra and J. Fieldhouse,” 2007.
transfer constant (130.138 W/m2 K) has been obtained for Comparison of air flow and heat dissipation from the
disc with sixteen vanes and no important variation of front brakes fitted to a high performance GT car” in
warmth transfer constant has been obtained once the 2007.
quantity vanes are exaggerated (disc with twenty four and 4. Marko Tirovi , 2007. “Development of Ventilated
32vanes).The temperature distribution over the disc is a Brake Discs "in 2007.
lot of uniform within the case of sixteen vanes. robust 5. Zhongzhe Chi, 2008. “Thermal Performance Analysis
recirculation zones within the flow path are ascertained for and Geometrical Optimization of Automotive Brake
eight vanes that ultimately causes energy dissipation that Rotors” in 2008 .
is a smaller amount within the case of alternative sorts. the 6. Belhocine, A. and M. Bouchetara, 2011.  “Study of
rate gradient is comparatively low within the case of the thermal behavior of dry contacts in the brake
sixteen vanes compared to disc with twenty four and discs” in 2011.
thirty two vanes. 7. Kannan M. Munisamy*, Norshah Hafeez Shuaib,

Mohd. Zamri Yusoff and Savithry K. Thangaraju,
2011. “Flow improvement using CFD for passenger
car: bi and uni- directional application” in 2011.

8. Mesut Duzgun, 2012. “Investigation of thermo-
structural behaviors of different ventilation
applications on brake discs” in 2012.


