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Abstract— Human always believes in faster routine in their 

daily life. Considering road transport, buses are the major 

source for the road transport. If it is required to keep low 

operating costs, achieving the high fuel conversion efficiency 

at higher speeds is necessary. Hence the fuel efficiency 

become the major factor for the manufacturers Nowadays 

manufacturers in India are more concerned about aesthetic 

sense of bus. But after observing development of roads in 

India aerodynamics plays a vital role in reduction of travel 

time. The objective of this project is to check the behavior of 

exterior bus body with improved aerodynamic shape and 

focus on better fuel efficiency with aerodynamics structure. 

The existing design of bus has been developed with change 

in its shape so that the new design must attain aerodynamic 

shape. Both the designs are checked for aerodynamic (Ansys 

CFX). Finally comparison of both design shows 27.79% of 

drag reduction. 
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I. INTRODUCTION 

Deterioration of fuel, demand for crude oil, worldwide 

extreme consumption etc. are the various reasons for the 

fuel demand and which leads in fuel price rising. Bus has 

been used as one of the major public transportation system 

in India. Especially for high speed coach it has been played 

very important role in long distance transportation system 

connecting city-to-city and state-to-state. In general, the size 

of diesel engine for high speed express coach is in range of 

12 to 16 liters in displacement volume and 800 to 1200 kW 

in break power. Its fuel consumption is surprisingly high 

and the rate is about 2.5~3.5 km/lit at the crushing speed 

(100 km/h) on highways. 

A. CFD 

Computational fluid dynamics or CFD is the analysis of 

systems involving fluid flow, heat transfer and associated 

phenomena such as chemical reactions by means of 

computer-based simulation. From the 1960s onwards the 

aerospace industry has integrated CFD techniques into the 

design, R&D and manufacture of aircraft and jet engines. 

More recently the methods have been applied to the design 

of internal combustion engines, combustion chambers of gas 

turbines and furnaces. Furthermore, motor vehicle 

manufacturers now routinely predict drag forces, under-

bonnet air flows and the in-car environment with CFD. 

The ultimate aim of developments in the CFD field 

is to provide a capability comparable with other CAE 

(computer-aided engineering) tools such as stress analysis 

codes. The main reason why CFD has lagged behind is the 

tremendous complexity of the underlying behaviour, which 

precludes a description of fluid flows that is at the same time 

economical and sufficiently complete. The availability of 

affordable high-performance computing hardware and the 

introduction of user-friendly interfaces have led to a recent 

upsurge of interest, and CFD has entered into the wider 

industrial community since the 1990s. 

All flows encountered in engineering practice, 

simple ones, such as two dimensional jets, wakes, pipe 

flows and flat plate boundary layers, and more complicated 

three-dimensional ones, become unstable above a certain 

Reynolds number (UL/ν where U and L are characteristic 

velocity and length scales of the mean flow and ν is the 

kinematic viscosity). At low Reynolds numbers flows are 

laminar. At higher Reynolds numbers flows are observed to 

become turbulent. A chaotic and random state of motion 

develops in which the velocity and pressure change 

continuously with time within substantial regions of flow. 

Flows in the laminar regime are completely 

described by the continuity and Navier-Stroke equations. In 

simple cases these equations can be solved analytically. 

More complex flows can be tackled numerically with CFD 

techniques such as the finite volume method without 

additional approximations.  

B. Aerodynamics 

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 

C. Drag Force 

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. 

Mathematically,  

F=0.5*CdƍV²A 

Where,   

F=Drag force 

Cd= Coefficient of Drag, 

ƍ= Density of air, 

V=Velocity of object relative to air, 

A= cross section of frontal area 

II. PROBLEM DEFINITION 

In any moving vehicle the power generated by the engine is 

utilized to overcome the tractive resistances. Tractive 

resistances can be explained as, when the vehicle is running 

at constant speed it has to deal with two types of forces 

these are rolling resistances and aerodynamic drag forces 

acting on the body. In case of rolling resistance, it has an 

effect on driving stability of vehicle but the aerodynamic 

drag is directly related with fuel consumption of vehicle 

engine. 

The drag force is depend on the coefficient of drag 

and frontal projected area. Hence reduction of coefficient of 
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drag through proper tuning of exterior and reduction of 

projected frontal area are two better option for reducing the 

aerodynamic drag of a vehicle. 

Thus by creating a proper design of a bus referring 

to the existing design we can reduce the coefficient of drag 

and projected frontal area facing the drag which causes 

reduction in aerodynamic drag of the bus. Ultimately this 

will result in better fuel efficiency of the bus.   

III. DESIGN AND CFD ANALYSIS 

The CAD model of existing bus design is obtained from 

Solidworks. This CAD model then imported in Asys CFX 

with .igs extension.  The meshing of the design is done 

using Icem CFD, the meshing tool provided by Ansys 

Software. The results for drag force are calculated by post 

processor. Following figures shows the different results for 

the existing bus at three different speeds. 

The boundary conditions for the analysis are shown 

in the Table. 1 

Boundary Boundary Condition Value 

Inlet Constant Velocity 

V=23.5 m/s 

V=27.33m/s 

V=33.33m/s 

Outlet Outlet Pressure 0 Pa 

Walls No slip walls 
 

Bus No slip walls 
 

Table 1: Boundary conditions 

 
Fig. 1: Velocity Vector plot at speed of 80 km/hr. 

 
Fig. 2: Velocity streamlines at speed of 100 km/hr. 

 
Fig. 3: Velocity contour at speed of 120 km/hr. 

 The design of existing bus is flat at front side. 

Which is major source of drag creation. When the front of 

the design kept inclined, it shows drastic changes w.r.t. 

aerodynamics. The modification of design is done by using 

catia software. The design specification and results are 

shown in following figures.  

The boundary conditions for the modified bus are 

same as for the existing bus.  

 
Fig. 4: Modified bus design. 

Dimensional Specification of new bus:  

Height = 3 m 

Overall length = 10.8 m 

Width = 2.6 m  

Wheel Base = 05 m  

 
Fig. 5: Velocity vector at speed 80 km/hr. 

 
Fig. 6: Pressure contour at speed of 100 km/hr. 
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Fig. 7: Velocity contour at speed of 120 km/hr. 

IV. RESULT AND DISCUSSION 

Results obtained from the Post processor of CFX for both 

the buses are compared with each other. These results are 

tabulated in the following table. 

Speed Drag Force Drag Coefficient 

80 km/hr 1128.7 N 0.4936 

100 km/hr 1526.35 N 0.4935 

120 km/hr 2535.79 N 0.5510 

Table 2: Results of Existing Bus design 

Speed Drag Force Drag Coefficient 

80 km/hr 908.79 N 0.4130 

100 km/hr 1270.1 N 0.4270 

120 km/hr 1830.9 N 0.4130 

Table 3: Results of Modified Bus design 

 
Fig. 8: Graph. 1 Drag force v/s wind Speed 

 
Fig. 9: Graph. 2 Comparison of Drag coefficient. 

Both the graphs shows changes in drag forces and 

Drag coefficients at different speeds. The drag force of 

modified bus is reduced 19.49% at 80 km/hr speed, 16.78% 

at 100 km/hr and 27.79% at 120 km/hr. 

V. CONCLUSION 

A detailed investigation of the existing and modified bus in 

the field of styling and aerodynamics was carried out. The 

results of these investigations were used to come up with an 

aerodynamically efficient user friendly intercity bus design. 

The flowing conclusions are drawn from the studies. 

 The maximum reduction of drag force is found to 

be 27.79%. 

 The drag coefficient for modified bus is reduce 

significantly. 

 The exterior was redesigned giving emphasis to 

both aerodynamics and aesthetics. 
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