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Abstract 
In the present work the aerodynamic characteristics of a bus was studied. Flow analyses was 

carried out assuming two dimensional, steady incompressible and viscous. The effect of speed and yaw 

angle variation were investigated separately. Experimental and theoretical investigations were carried 

out. A bus model of 1:20 scale ratio was used for experimental testes. A wooden bus model was made 

with smooth surfaces to simulate the prototype. 

 The tests were carried out in a low speed wind tunnel, the air speed was varied from 14.5 m/s 

to 24.5 m/s and yaw angle from 0
o
 to 15. 

A package program (Ansys 5.4) was used to carry out the theoretical study. This gave a good 

ability to calculate the pressure and velocity distribution and sketching the eddies in the near wake 

behind the bus model. It was found that increasing the yaw angle increases the drag and pressure 

coefficients .At air speed equals to 14.5 m/s the difference in the pressure coefficient in the flow 

direction CP(front-rear) varies from 0.05 at Q=0
o
 to -0.055 at Q=10

o
, .For the same condition the drag 

coefficient varies from 0.72 to 0.76. 

The comparison made between the experimental results, and some experimental published 

data showed a good agreement. The results obtained by Ansys 5.4 program for the specific 

configureuration were compared with the present experimental work and they showed a reasonable 

agreement . 

 الخلاصة
الابعمار مستمر خ ملا اغضميا ي في البحث الحالي تم  رااةما الام ال الجهظائ ا لما للحافلمات تم  تحلرما اللخ ماا  لمث اةما     مي 

 رااةا تأ رخ تيرخ التخ ا مزمايا الاغحخاف لكا ةطح سن التط ح بشكا سظفصات ملدجت تطت
( ل خربمماااا العطللمما  تمم  تصممظلخ غطمم اج خشمم ي للحافلمما 02:  1اجخ مت رااةمما  طللمما مغ خ ممات تمم  اةممراجال غطمم اج رافلمما بط لما  اةمم   

خ ا الهم اء فمي الاخربماااا سمن ةم ا سظافضات تم  تيررمخ بتط ح سلتاء سشابها لتط ح الحافلا اجخ ت الاخرباااا في غفق ئ ا ي اي ةخ 
اةمراجال ئمحا  االجااةما الظ خ ماتالاغتدل بخغماس  اةمراجل  م  راجما 11 – 2الاغحمخاف سمن ل/  ما( متم  تيررمخت  0141ل/  ما( المث   1.41 

مقمج مجمج اا الد ممارا خلم  الحافلممات الا مخ  المجماساا الطر لممجا  ظمج    ال خغماس  يعطمي اسكاغلما جرممجا لحتماع ت ز مخ الضمية مالتممخ ا ماةم 
 ظممج زام مما  2421اا سعاسمما الضممية هرمخامح بممرن  ل/ مما  1.41ررمث مجممج  ظممج ةمخ ا بدام ما الاغحممخاف تمملري المث ز ممارا بالا اقمما مالضممية

ن  الظرما   راا الط ااغما بم 24,0المث  24,0ملظفذ التخ ا ماا الا اقا ترخامح بمرن  12 ظج الدام ا   24211-تتامي صفخا الث اغحخاف 
لهممحا البحممث ا طممت  الظ خ مماالظرمما   العطللمما لابحمماة ةمماب ا ااغممت سرطاب مما بشممكا جرممج ماممحلل اا الط خغمما بممرن الظرمما   العطللممام م  العطللمما

    ت ااع سع  لت

Nomenclature 

Symbol Meaning Units 

A Body arbitrary cross section area m
2 

AP Prototype frontal cross sectional area  m
2 

Afb Projected fore-body area m
2 

Ab Projected base area m
2 

Aw 
Wetted surfaces area parallel to freestream direction 

excluding under-body 
m

2 

Cp Pressure coefficient -- 

CD Drag coefficient -- 

Cf Skin friction coefficient -- 

L1 Front length m 

L2 Base length m  
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L3 Roof length m 

Ps Static pressure N/m
2 

P Freestream pressure N/m
2
 

Ptot. Total pressure N/m
2
 

Re Reynolds number -- 

U Air velocity in freestream m/s 

τ Shear wall N/m
2
 

Greek Symbols 

θ Yaw angle deg. 

 Overall blockage factor -- 

 Density kg/m
3 

 

2. Introduction 
After a quick development in road vehicles, and increasing the distances 

between the cities, the dependence on the buses for traveling of passengers increased. 

Buses became the cheapest tool for transferring and have the ability to overcome the 

increasing in the passenger number. Therefore, the need increased for the production 

of more comfortable buses which have speed of 120 km/hr.(Lajos & Prezler, 1986). 

In 1970’s, after the oil crisis, the need was appeared to produce a road vehicles 

with low fuel consumption, also this need was appeared for decreasing air pollution 

by decreasing fuel burnt for this purpose (decreasing fuel burnt) the researches take 

two paths; the first path is the production of vehicles which have low resistance for air 

force (development the aerodynamic characteristics). The second one is the 

production of engines with high efficiency (consumed low quantity of fuel).(Mercker, 

1986) 

The present study concentrates on the effect of some aerodynamics parameters 

such as pressure distribution on all surfaces, velocity, and shear distribution on the 

surfaces parallel to the flow. The underbody and the clearance between model and the 

ground are not considered in the present work. 

The effect of edges (sharp or rounded) on shear stress, flow pattern and 

separation and re-attachment in the beginning of parallel surfaces were investigated. 

Fuel economy has become a very important aspect of automobiles manufactured 

today. The aerodynamics group has direct input in the fuel economy results via a rule 

of thumb, which states that 10% reduction in drag can result in about 3 % increase in 

fuel economy. (Lajos & Prezler, 1986). Therefore, there are many experimentally 

papers done by using wind tunnel, and theoretical works done by using some 

computational technique to predict the aerodynamic characteristics. 

Ahmed (1981) studied the wake structures of typical automobile shapes 

experimentally. He points out that the amount of drag experienced by vehicle is 

related to the structure of the flow in its wake. The near wakes of the fastback, 

notchback and Estate models contain separation bubbles attached to the vehicle base. 

Lajos and Prezler (1986) studied the effect of moving ground simulation on 

the flow past bus models by using rotating wheels model to investigate the mud 

deposition on the body. They indicate that the structure of the wake may be controlled 

by the simultaneity of effect of changes in underbody flow and in skin friction on the 

ground surface. 

Saathoff, and Melbourne,(1989) investigated the occurrence of large negative 

peak pressure near the leading edge of sharp-edged bluff bodies. And they indicate 
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that the increase in free-stream turbulence reduces the size of the separation bubble 

and thus reduces the minimum value of the mean pressure coefficient. 

Tamas Lajos  (2001) studied the reduction of the aerodynamic drag and mud 

deposition at buses. It can be noted that reduction of aerodynamic drag and mud 

deposition is important tasks of bus body development. Depending on the rounding 

up of the leading edges, boundary layer separation occurs and a ring shaped 

separation bubble surrounds the front part of the body. The flow rate of under- body 

flow depends mainly on the existence of boundary layer separation on the lower 

horizontal leading edge and the size of separation bubble at the inlet of the under- 

body gap. 

3.The Scope of the Present Work 
The aerodynamic drag of buses is not investigated directly by any one of the 

previous theses. Some theses study the aerodynamic drag of tractor-trailer or trucks 

and mud deposition of buses. The effect of add-on devices or typical configure ration 

of bodies like road vehicles is studied. The effect of some factors as moving ground, 

solid boundaries of test section, and the shape of the test section is also investigated. 

Therefore, in the present study the aerodynamic drag of buses is investigated 

experimentally and theoretically.  

4.Experimental Work   
The given configureuration model whose scale (1:20) is made and tested in a 

wind tunnel having (0.45m* 0.45m) test section .A schematic diagram of the test rig is 

shown in figure. (A). Bus model is made of wood with few details used for 

experimental test( Figure.B). The tests objective of the present work is to study the 

aerodynamic properties of the (bus) which  is  carried out at a low speed wind tunnel. 

The test is repeated many times with different values for the air speed and the yaw 

angle The model is made of six wood plates compacted together to make a space 

inside the model for the pressure probes. The model scale is 1:20 to permit that the 

blockage area ratio is not to exceed 10%.. The model simulates the front and rear 

bumper, the sides and roof curvature, the shape of fore-body and base-body, the tiers 

and wheel arches. The other details, such as front and rear lights, mirrors, front and 

side windows and the under body components are neglected. Multi-Tube Manometer: 

which  has 36 tubes used to  measure the pressure. The test is carried out for velocity 

whose range (14.5,19.5,24.5 m/s) and the yaw angle that varies from (0º to 15º) step 

5
o
. 
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Figure. A / Test rig wind tunnel  

 

 

 

 

 

 

 

 

 

 

 

 

                                            Figure.B/ Bus Model  

 

5.Theoretical Work 
The theoretical results presented in this chapter are obtained by Ansys 5.4 

program. This package program solves the fluid flow problems by solving momentum 

and continuity equations. The k–ε (two-equation) model is used to overcome the 

turbulence in the flow. By using finite element technique, this program analyzes the 

flow field around the bus model. There are many types of meshing controls. The 

boundary condition can be changed to cover all the actual boundary condition. The 

regular areas created by a solid model must be meshed one after another. To mesh any 

area the lines of that area must be divided firstly. The boundary condition must be 

applied on the lines. The bus velocity is simulated by applying velocity varies by 

varying the velocity of the air in the duct entrance. The velocity in the model lines 

must be set zero to simulate the solid walls. Also upper and lower lines of the duct are 

given zero velocity where the wind tunnel has a closed test section. 

The governing equations solved in the theoretical work are the continuity and 

momentum equations in two dimensions.(Robert & Alan, 1998). 
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(3) 

Where: 

 Vx, Vy = component of the velocity vector in the x, and y direction 

gx gy =components of acceleration due to gravity  

ρ = density 

µe = effective viscosity 

Some terms must be eliminated when solving the problem. For the steady state 

analysis the time dependent terms must be eliminated. The density enters as a constant 

value. Therefore the final form of the continuity and momentum equations is as 

follows: 
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For the turbulent case the effective viscosity (Ground Vehicles Drag, 2001): 

te                                                                           (7)    

where : laminar viscosity (fluid property)  

           t: turbulent viscosity  

The two equations (k-ε) turbulent model is used to evaluate the turbulent 

viscosity through the expression  


 

2

t
k

c                                                                 (8) 

where k: turbulent kinetic energy 

ε: turbulent kinetic energy dissipation rate  

6-Results and Discussion  
6.1 Theoretical results : The pressure coefficient is the ratio between the 

pressure force (local pressure minus the freestream pressure) and the dynamic 

pressure force. 

2

n
p

U
2

1

PP
C








 

If the value of the pressure coefficient positive the local air velocity is greater 

than the freestream velocity, while if it is  negative the local air velocity less than the 

freestream velocity.  However  If the value of the pressure coefficient equals zero the 

local air velocity equals the freestream velocity. Figure (1) shows that  the range of 

the pressure coefficient variation in the frontal area of the bus ,.The curve shown that  

the value of pressure coefficient starts from zero at the lower point (Y/L1 = 0) and, 

reaches     (Cp = 0.06). Then it is decreased gradually to reach (Cp = -0.37) at 

(Y/L1=1), Similarly provided that the separation is absent. 
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Figure (2) shows the value of the pressure coefficient in the rare side of the bus 

where  the negative side from (Y/L2 = 0) to (Y/L2 =1). The air velocity at the nodes 

near the rear line is greater than that of freestream. The increase in air velocity in the 

wake of the bus is due to the presence of a suction flow in the zone behind the bus. 

Where the flow that comes from the underbody raised and that comes from over-body 

is lowered to feed the suction zone (wake). Therefore in the wake there are many 

vortices in different directions. The value of the pressure coefficient at the lower edge 

(Y/L2=0) is (Cp=-0.66) and it is decreased. The value of the pressure coefficient is 

sometimes decreased and sometimes increased randomly due to the effect of vortices 

in the wake. The shape and the strength of the vortices in the wake is also dependent 

on the shape of the rear model. 

Figure (3) shows the streamline through the wind tunnel for the theoretical work 

explain the change in the value of the stream function [ y/u  ]. Figure (4) 

shows the resultant velocity [
22

sum vuV  ] through the wind tunnel for the 

theoretical work which  explain the change in the value of the resultant velocity, and 

shows the velocity in the x-direction [ uVx  ] through the wind tunnel for the 

theoretical work the gray gradient explain the change in the value of the velocity. 

Figures (5), and (6) show the velocity vectors ahead and behind the model.  

6.2-Experimental Results : 

 Figures from (7- to 14) explain the pressure coefficient distribution on the front, rear, 

right side, left side and roof of bus for different yaw angles (= 0, 5, 10, 15) and for 

the range of bus model velocity (U=14.5, 19.5, 24.5 m/s). The probes distributed in 

2D for each surface are converted to 1D in centerline of this surface. Figures (7 & 8) 

show the pressure coefficient distribution on the rear and right surface of bus for 

different yaw angles except for (U=19.5 m/s). Figure 7 shows that the pressure 

coefficient is negative in all points of rear surface, and the maximum value in the 

upper edge of the rear part which decreases towards lower direction  to point  

(Y/L2=0.25) where (Cp= -0.65, -0.58, -0.52 and    -0.47) for (=0
o
,5

o
,10

o
,15

o
) 

respectively, and then increases slightly. 

There is a wake behind the bus. The flow under-body is min. compared with the 

flow of the over-body; therefore, the pressure coefficient reaches the smallest value. 

The suction pressure decreases towards the upper edge of the rear surface, and 

pressure coefficient increases significantly. 

According to figure.(8) the pressure coefficient in the front edge is negative 

because of the separation of the flow over rounded corners between front and right 

sides. The flow after this edge can be reversed and cause pressure on this surface. 

Soon after the separation is started quickly re-attacking to the surface. Therefore, the 

pressure is increasing on the surface and the same behavior noticed for the pressure 

coefficient. When the yaw angle varies from (0 to 5) the starting value of pressure 

coefficient decreases from (Cp = -0.021) to (Cp = -0.027) and then increases quickly 

for the first curve. However, for the yaw angle ( = 10) the curve behavior is similar 

to  ( = 5) curve. For ( = 15) the flow is divided into two parts by the effect of 

rounded corner. Figure (9) show the pressure coefficient distribution on the roof of the 

bus for different yaw angles. In this figure the pressure coefficient value starts from a 

positive value and increases until (X/L3=0.3). This indicates that for leading edge the 

eddies presence above the rounded edge causes no flow separation. 

Figure (9), show the pressure coefficient distribution on the roof of the bus for 

different yaw angles. In this figure. where (=0, 5) respectively the pressure 
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coefficient value starts from a positive value and increases until (X/L3=0.3). This 

indicates that for leading edge the eddies presence above the rounded edge causes no 

flow separation. 

Figure (10) shows that the maximum value of pressure coefficient near the 

middle point of the front face reaches (Cp=0.45) which decreases towards upper until 

it reaches (Cp=0.25) and decreases toward lower until it reaches (Cp=0.075). But when 

yaw angle (=5
o
) the curve is displaced towards positive side. In the middle point 

when (Y/L1= 0.5) the pressure coefficient (Cp=0.7) and (Cp=0.5) for upper point. 

The maximum value of pressure coefficient indicates that at this point the flow 

is approximately stagnant and the dynamic pressure reaches zero .In the upper and 

lower edges the flow is accelerated and the pressure coefficient decreases. 

Figure (11) show the pressure coefficient on right side bus for different yaw 

angles at velocity of 24.5 m/s. In this figure.  the first curve ( = 0) the pressure 

coefficient value starts from (Cp = -0.13), and then increases sharply and 

approximately reaches (Cp = 0.62) for the rest of the curve, but for yaw angle ( = 5) 

the starting value is (Cp = -0.39) then it increases quickly to reach a value (Cp = 0.68) 

at (X/L3 = 0.25) , The three curves are close to each other. This indicates that for high 

velocity the effect of cross wind is the same for different yaw angles for the side 

exposed to cross wind. 

Figures (12) show the pressure coefficient distribution on the left side of the bus 

for different yaw angles. In this figure.  the first curve yaw angle ( = 0). The 

behavior of this curve in the leading edge of the flow is separated from the surface 

and there is a reverse flow that causes a suction pressure on the surface. Therefore, the 

pressure coefficient has a negative value. After some distance in the flow direction, 

the flow re-attacks the surface and the pressure coefficient suddenly increases (Cp 

=0.65) where (X/L3 = 0.25). 

Figures  (13 and 14 ) show the shear stress distribution on the roof, and right 

sides of the bus where yaw angle ranging ( = 0º, 5º, 10º, 15º) for bus velocity 

(U=24.5 m/s). The probes of measuring total and static pressure for every surface are 

distributed in the centerline of the surface. The shear stress is measured in the laminar 

sublayer of the turbulent flow, and the negative value of shear stress is physically 

without meaning. The shear in the opposite direction indicates mathematically that 

there is a separation flow on the surface. .In figure 14 the shear stress in the leading 

edge starts from positive value and then it is decreased to zero. For this point there is 

no separation of flow  0  where the flow re-attacks the surface again in the same 

location. This behavior comes from eddies near the wall effect. 

Aerodynamic drag can be defined as the force that resists the motion of bodies 

immersed in a fluid. The drag of vehicles results from two types of force such as a 

shear force and a pressure force, which are acting on the body. The drag caused by 

shear is often called skin-friction drag. The drag caused by the pressure force is called 

form drag. Figure (15) shows the variation of total drag coefficient of bus for different 

yaw angles and velocities. In this there are positive and negative yawing angles. The 

two sides of the bus are symmetric, in that the right side of the positive yaw angle is 

the left side for the negative yaw angle and vice versa. 

The drag level is minimum when the yaw angle (=0) [no yawing condition] 

and then increased by increasing the yaw angle in the positive side and decreasing 

angle in the negative side. Increasing in the total drag coefficient comes from 

increasing the drag force on the body of the bus. The frontal area of the vehicle 
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exposed to pressure is increased by increasing the yaw angle limit to increasing drag 

that results from increasing yawing. 

Figure (16) shows the power required to overcome the aerodynamic drag of the 

bus. This figure is important to get some useful information about the quantity of fuel 

consumed by the bus. Before selecting the engine used with this type of bus the 

quantity of power consumed for the drag must be known. The rest power of the 

engine of the bus is used for driving the bus. This consumed power is linearly 

proportional to the drag and it is directly proportional to the cubic velocity of the bus. 

This Figure shows the lowest level of power consumed for the lowest velocity 

(U=52.2 km/hr) when yaw angle (=0).The drag force and the power are  calculated 

as follows: 

 P
2
PDDP AUC

2

1
F   

PDPP UFP   

 
7- Conclusions  

1. The maximum value of the pressure coefficient occur in the location where the 

flow is slow. This occurs clearly near the middle of the bus front. 

2. The value of the pressure coefficient in the area behind the bus is always 

negative because there is a suction pressure on the rear part of the surface of 

the bus. 

3. There is a suction pressure due to  the separation of the boundary layer from 

the roof surface of the bus and lowering the pressure coefficient to a negative 

value in the bus front. 

4. Increasing the Reynolds number causes the increase in the drag coefficient and 

finally, increasing the power consumed to resist the drag exerted on the bus. 

5. Increasing the yaw angle causes the same effect of increasing the bus speed. 
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Fig.(3.7) Pressure Coefficient Distrbution ver. Dimensionless 
  Distance on Front Bus (Velocity=24.5  m/s  Yaw Angle=0)

Fig.(3.8) Pressure Coefficient Distrbution ver. Dimensionless 
  Distance on Rear Bus (Velocity=24.5  m/s  Yaw Angle=0)
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Figure (3) Stream lines through the tunnel           Figure (4) Vsum through the tunnel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ( 5) Velocity Vectors Ahead the Model         Figure (6 ) Velocity Vectors 

Behind the Model 
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Fig.(5.7) Prssure Coifficient Distrbution ver.Dimensionless Distance on Rear 
                      of Bus (Velocity=19.5 m/s  Yaw Angle=0,5,10,15)
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Fig. (5.8) Prssure Coifficient Distrbution ver. Dimensionless Distance on Right 
                  Side of Bus (Velocity=19.5 m/s  Yaw Angle=0,5,10,15)
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Figure( 9) pressure coefficient distribution verse dimensionless distances 

on Roof of the bus ( V= 14.5 m/s , Yaw angle =o. 5 . 10 . 15) 

 

 
Figure( 10) pressure coefficient distribution verse dimensionless distances 

on front of the bus ( V= 14.5 m/s , Yaw angle =o. 5 . 10 . 15) 
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Fig. (5.13) Prssure Coifficient Distrbution ver.Dimensionless Distance 
        on Right Side of Bus (Velocity=24.5 m/s  Yaw Angle=0,5,10)
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Fig. (5.14) Prssure Coifficient Distrbution ver. Dimensionless Distance 
          on Lift Side of Bus(Velocity=24.5 m/s  Yaw Angle=0,5,10)
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Fig. (5.25) Vareation of Shear Wall (TAUW) ver. Yaw Angle on Roof of Bus 
                          (Velocity=24.5 m/s  Yaw Angle=0,5,10,15)

0.25 0.750.0 0.5 1.0
X/L3

-0.50

-0.25

0.00

0.25

0.50

T
A

U
W

(Q
=

0
)

0.25 0.750.0 0.5 1.0
X/L3

-0.50

-0.25

0.00

0.25

0.50

T
A

U
W

(Q
=

5
)

0.25 0.750.0 0.5 1.0
X/L3

-0.50

-0.25

0.00

0.25

0.50

T
A

U
W

(Q
=

1
0

)

Yaw Angle

Q=0

Q=5

Q=10

Fig. (5.26) Vareation of Shear Wall (TAUW) ver. Yaw Angle on Right Side of Bus 
                                 (Velocity=24.5  m/s  Yaw Angle=0,5,10)
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Fig.(5.28) Vareation of Total Drag Coifficient of Bus ver. Yaw Angle
                                   for Different Bus  Velocity 
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Fig. (5.29) Power Consumed by Aerodynamic Drag ver. Yaw Angle
                                       for Different Bus Velocity 
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