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Abstract— To save the energy and to protect the global
environment, fuel consumption reduction is a primary
concern of the modern bus manufacturers. Drag reduction is
essential for reducing the fuel consumption. Designing a
vehicle with a minimized drag resistance provides
economical and performance advantages. Decreased
resistance to forward motion allows higher speed for the
same power output, or lower power output for the same
speed. The shape is an important factor for drag reduction.
To design an efficient shape of the bus that will offer a low
resistance to the forward motion, the most important
functional requirement today is the low fuel consumption.
The main intention behind this project is to reduce the drag
co-efficient & drag force of bus body by improving the
aerodynamic shape using CFD software (Autodesk Flow
Design). The difference of drag force as well as drag
coefficient before and after the change in aerodynamic
shape-of Volvo-bus-is-carried-out at different speeds. We got
the desirable results of the reduction of drag force about 12
to 15%.

1. INTRODUCTION

Aerodynamics is study of gases in motion. As the principal
application of aerodynamics is the design of aircraft; air is
the gas with which the science is most concerned. Although
aerodynamics is primarily concerned with flight, its
principles are also used in designing automobile and train
bodies for minimum drag and in computing wind stresses on
bridges, buildings, smokestacks, trees, and other structures.
It is also used in charting flows of pollutants in the
atmosphere and in determining frictional effects in gas
ducts. The wind tunnel is one of the aerodynamicist's basic
experimental tools; however in recent years, it has been
supplanted by the simulation of aerodynamic forces during
the computer-aided design of aircraft and automobiles.

Vehicles with an aerodynamic shape use less fuel.
Air flows easily over them and less energy is needed to
move them forward. At 95 Km/h 60-70% of a vehicle’s
energy is used to move it through the air, compared with
only 40% at 50 Km/h. Installing a sloping front roof on a
lorry could save you as much as 7% of your fuel costs. Even
small changes to design and shape will make a difference.
Take a look at the Aerodynamic Checklist, walk around
your vehicle and look at each feature to see what
improvements you can make. Don’t forget, a driver’s daily
vehicle check needs to include looking out for these
improvements. This document covers the aerodynamic
styling of commercial vehicles. Vehicles that travel at higher
speeds and for longer distances will benefit most from
aerodynamic styling, giving you greater savings. Drag is the

energy lost pushing through air, and it accounts for most of
the fuel used on long-distance journeys, regardless of
vehicle type.

Overcoming drag uses approx. 60% of fuel used at
cruising speeds when loaded, 70% when empty. Sharp
corners, racks and parts that stick out will add “parasitic
drag”, further reducing fuel efficiency.

A. History & Evolution of aerodynamics:-

Ever since the first car was manufactured in early 20th
century the attempt has been to travel at faster speeds, in the
earlier times aerodynamics was not a factor as the cars were
traveling at very slow speeds there were not any
aerodynamic problems but with increase of speeds the
necessity for cars to become more streamlined resulted in
structural invention such as the introduction of the
windscreen, incorporation of wheels into the body and the
insetting of the headlamps into the front of the car. This was
probably the fastest developing time in automobiles history
as the majority of the work was to try and reduce the
aerodynamic drag. This happened up to the early 1950’s,
where by this time the aerodynamic dray had been cut by
about 45% from the early cars such as the Silver Ghost.
However, after this the levels of drag found on cars began to
slowly increase. This was due to the way that the designing
was thought about.

Fig.1:- Evolution of Cars

B. Vehicle body aerodynamics

The constant need for better fuel economy, greater vehicle
performance, reduction in wind noise level and improved
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road holding and stability for a vehicle on the move, has
prompted vehicle manufacturers to investigate the nature of
air resistance or drag for different body shapes under various
operating conditions. Aerodynamics is the study of a solid
body moving through the atmosphere and the interaction
between the body surface and the surrounding air with
varying relative speeds and wind direction. Aerodynamic
drag is usually insignificant at low vehicle speed but the
magnitude of air resistance becomes considerable with
rising speed. A vehicle with high drag resistance tends only
marginally to hinder its acceleration but it does inhibit its
maximum speed and increase the fuel consumption with
increasing speed.

C. Bluff body aerodynamics

In aerodynamics, a bluff body is one which has a length in
the flow direction close or equal to that perpendicular to the
flow direction. This spawns the characteristic that the
contribution of skin friction is much lower than that of
pressure to the integrated force acting on the body. Even a
streamlined body such as an airfoil behaves much like a
bluff body at large angles of incidence. A circular cylinder is
a paradigm often employed for studying bluff body flows.

-:___< H__:?_____i_ake
Streamlined body —
Bluff Body

Fig.2:- The wake create by streamlined and bluff body

D. Aerodynamic forces on a body
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Fig.3:- Different forces acting on body

1) Lift

It is the sum of all fluid dynamic forces on a body normal to
the direction of external flow around the body. Lift is caused
by Bernoulli’s effect which states that air must flow over a
long path in order to cover the same displacement in the
same amount of time. This creates a low pressure area over
the long edge of object as a result a low pressure region is
formed over the aerofoil and a high pressure region is
formed below the aerofoil, it is this difference in pressure
that creates the object to rise.

F= 1CLdVZA
2
Where:
C.= Coefficient of Lift,
d= Density of air,
V=Velocity of object relative to air,
A=Cross-sectional area of object,parallel
to wind.
2) Drag

It is the sum of all external forces in the direction of fluid
flow, so it acts opposite to the direction of the object. In
other words drag can be explained as the force caused by
turbulent airflow around an object that opposes the forward
motion of the object through a gas or fluid.

F= %CdezA
Where:
Cp= Coefficient of Drag,
d= Density of air,
V=Velocity of object relative to air,
A= cross section of frontal area.
3) Weight

It is actually just the weight of the object that is in motion
i.e. the mass of the object multiplied by the magnitude of
gravitational field. This weight has a significant effect on
the acceleration of the object.

4) Thrust

When a body is in motion a drag force is created which
opposes the motion of the object so thrust can be the force
produce in opposite direction to drag that is higher than that
of drag so that the body can move through the fluid. Thrust
is a reaction force explained by Newton’s second and third
laws, The total force experienced by a system accelerating

in mass “m” is equal and opposite to mass “m” times the
acceleration experienced by that mass.

E. Autodesk Flow Design

Autodesk Flow Design (formerly project Falcon) simulates
air flow around vehicles, Buildings, outdoor equipment,
consumer products, or other objects of your choosing in a
virtual wind tunnel. Flow Design technology is extremely
geometry tolerant and easy to use, enabling you to begin
seeing and understanding air flow behavior within seconds
of starting the application. Project Falcon will be moving
forward into the world as Autodesk Flow Design. Flow
Design allows you to:

— Quickly and easily visualize how design will
interact with the wind. See where wakes and high
and low pressure regions will form in a virtual
wind tunnel.

—  Start with results. Flow design to see results almost
immediately and then allows you to explore the
effect of different conditions.

— Use your existing design data. Flow Design reads a
variety of CAD file types and can accept
everything from conceptual design all the way to
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fully detailed models with little or no preparation
necessary.

—  Get results within CAD. Inventor and Revit users
have the option to use Flow Design right inside
their design environment; making is easier to get
insight during the design process.

— Visualize results interactively by creating dynamic
2D and 3D flow line animations, vector plots, iso
surfaces, and velocity or pressure results on planes.
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Fig.4:- Dynamic 3D flow line animations through body

In automotive applications Flow Design shows
regions where air will recirculate, provide an understanding
of the size and location of the wake region, and identifies
high-~and low pressure regions on the body, and
approximates the drag force and coefficient.

Il. DESIGN & DRAG FORCE ANALYSIS

Autodesk Flow Design (formerly project Falcon) simulates
air flow around vehicles or other objects of you’re choosing
in a virtual wind tunnel. Flow Design technology is easy to
use, enable you to begin seeing and understanding air flow
behavior within seconds of starting the application.

Volvo 7900 bus

Fig. 5: - Volvo 7900 bus
Table 1: - Volvo bus specifications

Wheel base 5950 mm
Front over angle 2700 mm
Rear over angle 3450 mm

Overall length 12100 mm
Width 2550 mm

Height 3230 mm

Ground clearance 400 mm
Tyre 275/70R22.5”’

GVW 19000 kg

Table 1: - Volvo bus specifications

We generate the 3D model of Volvo bus in
Inventor Fusion 2013 from the above basic specifications.

Fig.6:- Solid model of Volvo 7900 bus

After to generate 3D model of Volvo bus, we
import this model in Flow Design 2014 with the following
boundary conditions.

Boundary Bour_w_lary Values
conditions
Constant
velocity V=80 kmph
Inlet Turbulent V=100 kmph
intensity V=120 kmph
Length scale
Constant
Outlet Pressure outlet pressure 0
N/m?
No slip —
Bus body stationary wall i
V=80 kmph
Domain Free stream V=100 kmph
V=120 kmph

Table 2:- Boundary conditions for VVolvo bus
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Fig.7:- Drag force 3D analysis of Volvo 7900 bus at velocity Fig.11:- Drag force 3D analysis after changed shape of
80 kmph Volvo

Fig.8:- Drag force 3D analysis of Volvo 7900 bus at velocity
100 kmph
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Fig.12:- Drag force 3D analysis after changed shape of
Volvo bus (at 100 kmph)
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Fig.9:- Drag force 3D analysis of Volvo 7900 bus at velocity
120 kmph

We show the free vortex create behind the body is
different with the different velocity of wind and also values
of drag force increase with increase the speed of wind.

A. Improvement in shape of Volvo bus:- = o . ——
Improvement of bus aerodynamic shape by drag reduction Fig.13:- Drag f{)/r(;:f ng ?ae{%lslgoar(tﬁqr (;]hanged shape of
techniques of vehicle i.e. chamfering, rounded corners, d vo bus ( ph)

tapered rear end etc. in Inventor Fusion 2013 and import this The flow lines pass over the body and free vortex
model in Flow Design for drag analysis. create near the rear side of the bus which increases with the

speed of vehicles as shown in figure.

I1l. RESULTS AND DISCUSSION
A. Effect of drag force over Volvo bus before change in

shape:-
Spee Resolution in percentage
V‘i'”‘r’]z 100% 150% 200%
(kmph) Fq (N) Cq Fq (N) Cq Fq (N) Cq
80 1844.4 1780.4 1896.1
67 94 23
100 2957.1 | 0.8 | 2765.2 | 0.7 | 2980.2 | 0.8
46 0 83 7 39 2
120 4258.7 3995.2 4270.3
16 54 52

Table 3:- Values of Fy & C4 of Volvo bus with various
percentage of resolution
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Drag force v/s Wind
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Fig. 14: Drag force v/s wind speed with different percentage
of resolution

We show that drag force increases with increase
the velocity of wind and vary with resolution percentage of
Volvo bus before change in shape as shown in graph.

B. Effect of drag force over Volvo bus after change in
shape:-

C. Comparison of drag coefficient before and after change
in shape:-

Resolution in Drag coefficient
percentage Before After
100 0.80 0.70
150 0.77 0.68
200 0.82 0.73

Speed Resolution in percentage
of
wind 100% 150% 200%
kme) FN) [ Co [ Fa(N) [ Co | Fa(N) | Cq
80 1589.043 1542.245 1607.352
100 2496.870 | .70 | 2454.058 | ggg | 2528.541 | (.73
120 3665.061 3623.214 3698.265
Table 4:- Values of Fd & Cd of Volvo bus after change in
shape
Drag force v/s Wind
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Fig. 15: Drag force v/s wind speed with different percentage
of resolution after change in shape

From the above graph, we clearly show that drag
force increase or decrease with different values of resolution
i.e. 100, 150 & 200%.

Table 5:- Comparison of drag coefficient before and after
change in shape

. Drag coeficient v/s
Resolution

08 -
150.6 _ __m Befor
§0.4 - | . :eAfter
50.2 - —

0 4

100 150 200
Resolution in percentage

Graph 3:- Comparison of drag coefficient w.r.t resolution

Above graph shows comparison of drag coefficient
before and after change in shape with different percentage of
resolution. At resolution of 150%, the value of drag
coefficient is less than 100% resolution & after 150% it
becomes increases.

The reduction of drag force as well as drag
coefficient is about 12 to 15% from the above analysis.

IV. CONCLUSION

The aerodynamic design of vehicles is an area where a lot of
improvements will appear in the near future, in concern of
drag reduction. The guidelines pointed out in the text are of
a general nature that can be implemented in most modern
road going vehicles; Smooth vehicle shape, rounded corners,
High rake angle for the windscreen, Tapered rear end,
Minimized body seams, Optimized rear view mirrors and
Smooth underbody. Wheel sides, wheel covers kept smooth
and minimizing gap between wheelhouse and wheels.

The aerodynamics of road vehicles have been
described in order to get notions about how to reduce drag
resistance, and sometimes even theoretically ideal
techniques have been recommended. However, we design an
automobile, have to deal with a whole lot of other
performance, functionality and styling issues which
sometimes, and not so few, still tend to rule when meeting
incompatibilities with aerodynamic ones.

We have completed successfully the analysis of
Volvo bus in 3-D by using CFD software Flow Design
2014. By taking in account the boundary conditions;
velocity, pressure, density of air and the frontal area of the
bus, we can design the new shape by the help of drag
reduction techniques of the bus in 2D as well as in 3D in the
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future. Thus we will be able to produce the vehicle’s body
shape with optimum frontal area that will offer less
resistance to the air moving in the opposite direction

Some of these incompatibilities are very hard to
overcome since some of those non aerodynamic
characteristics of a vehicle often have an exceptionally
narrow range of possible alternatives.

Keeping to these guidelines we should make it
possible to have commercial vehicles with a CD value
between 0.50 and 0.55 in the coming future.
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