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Abstract 

Full-scale wind tunnel tests require too much time and cost to determine drag coefficients of vehicles. 

In this study, drag coefficient of a blunt bus model was tried to be determined using Reynolds number 

independence. A low speed wind tunnel having a free flow velocity is 28 m/s and has a rectangular cross 

section of 292 mm high and 292 mm wide, was used in experiments. The flow around the bus model 

was simulated with ANSYS CFX at wind tunnel conditions. As a result, aerodynamic drag coefficient 

of the bus model was determined as 0,66 and 0,65 according to results of CFX and experiment 

respectively after Reynolds number 57000. It is determined that the drag coefficient of the blunt vehicles 

can be determined by using low speed wind tunnel and Reynolds number independence. 
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1. Introduction 

Aerodynamic structure and the flow around 

the road vehicles have been investigated for 

a long time. Significance of the 

aerodynamics is obvious, since it affects the 

fuel consumption, wind noise, and vibration 

[1]. It is known that a 10% drag reduction 

leads to approximately a 5% reduction of the 

fuel consumption of a bus at a common 

highway speed [2]. Land transportation is the 

most widely used passenger and freight 

transportation in Turkey and 95% of total of 

passenger transport performed by road. An 

estimated total savings of $100 million per 

year can be recognized in Turkey alone for 

just a 5% reduction in fuel use in intercity 

passenger transportation by buses. Detailed 

knowledge of the aerodynamic 

characteristics of passenger vehicles could 

lead to find out new solutions to reduce fuel 

consumption and emissions and improving 

the vehicle performance and passenger 

comfort [3]. Wind tunnel tests are used to 

determine aerodynamic characteristics of 

road vehicles [4]. Wind tunnel tests can be 

cheaper and easier than the road test, because 

smaller models can be used in wind tunnel 

tests. However, a full-scale wind tunnel test 

can be more costly than a road test [5]. Wind 

tunnel tests began with small-scale models. 

Experiments with small-scale models has 

advantages because it’s more cheaper and 

easier than the full-scale tests [6]. However it 

is very difficult to match Reynolds number 

between prototype and model in small-scale 

procedure [7]. The test conditions must be 

established in such a way that the related 

forces between the model and the full-scale 

prototype must be scaled by a constant factor. 

Only when these conditions between the 

flows are established, data obtained from the 

wind tunnel test may be related quantitatively 

to the prototype flow. To ensure the dynamic 

similarity between the flows, dimensionless 

analysis show that the Reynolds numbers in 

both cases must be the same. In the case of 

predicting the drag force on a sphere, the 

results obtained from the model flow can be 

related to the prototype flow by using the 

relation of dynamic similarity [8]. 
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As it seen from equation 3 in order to match 

the Reynolds numbers, as the model gets 

smaller in size, the required air speed inside 

the test section increases. According to 

equation 3 the maximum air speed required 

in test section would be 1920 km/h, for 80 

km/h simulation with a 1/24 scale model. It’s 

impossible to reach this speed in a wind 

tunnel. But there are several were to match 

Reynolds number for low speed wind tunnel. 

Wiedemann and Ewald were stated that the 

Reynolds number can be increased in a low 

speed wind tunnel by increasing turbulence 

ratio in the tunnel [9]. Chuan and Tao were 

built a low speed pressurized wind tunnel to 

increase Reynolds number [10]. Using these 

methods to increase Reynolds number can be 

effective but more expensive than ordinary 

wind tunnel tests. Instead of trying to 

increase Reynolds number in the wind 

tunnel, using the Reynolds number 

independence may be easier, cheaper and 

faster. 

 
Figure 1. Reynolds number independence [11] 

While the drag coefficient ( dC ) is a strong 

function of Reynolds number at low 

Reynolds values, it is fixed and does not 

change after a certain Reynolds value (Fig. 

1). The sharp-edged bodies, which tend to 

cause flow separation regardless of the 

character of the boundary layer, are 

insensitive to the Reynolds number. 

Therefore, determining the drag coefficient 
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of blunt bodies such as truck and bus, 

Reynolds number independence can be use 

[11–15]. 

The goal of this study is to determine drag 

coefficient of a bus model in a low-speed 

wind tunnel. The bus model I, which was 

tested in a water tunnel by Gürlek [3], has 

been used. The points where separation of 

flow occurs are determined analyzing the 

flow around the autobus with ANSYS CFX. 

At the end of the study, the results of analysis 

and test are compared. 

2. Experimental Setup 

2.1. Model Description 

In the present experiment Gürlek’s bus 

model I [3] has been studied. Figure 2 shows 

the bus model I geometry. The length of the 

model L=175mm, the height, H=66 mm and 

the width, W=56 mm. 
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Bus models are longer vehicles than 

passenger cars. While determining Reynolds 

number vehicle length, width or height can be 

used as the characteristic length. However, 

none of the length of the model cannot 

characterize the model alone. Therefore, in 

this study characteristic length of the bus is 

determined due to the volume and surface 

area of the model. Using the equation 4 

characteristic length of the bus model I have 

been determined as 0,0765cl m . Frontal 

area of the model I is 20,0037fA m . 

Figure 3. Schematic representation of wind tunnel.  

1. Model 2. Test section 3. Nozzle 4. Flow rectifier 

5. Inlet hopper 6. Diffuser 7. Fan 8.Force transducer 

9. Amplifier 10. Tube manometer 11. Switch box 

12. Guide 13. Trolley 

2.2. Wind Tunnel 

Figure 3 shows the wind tunnel that has used 

in experiments. The wind tunnel is an open 

type and subsonic wind tunnel. Maximum 

free flow velocity is 28 m/s and has a 

rectangular cross section of 292 mm high and 

292 mm wide. Flow velocity in the test 

section can be measured by slant tube 

manometer. Velocity can be controlled from 

0 m/s up to 28 m/s by switch box. Model has 

been placed center of the cross section to 

prevent the boundary layer development. 

To measure the drag force acting on model I, 

load cell that shown number 8 has been used. 

Measurements have been performed with 2 

m/s velocity increases between 2-27 m/s. 

Force measurements have been repeated five 

times for each flow velocity and averages has 

been taken to improve the accuracy. In order 

to calculate the drag coefficient of bus model 

equation 5 has used: 
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where dC is the aerodynamic drag 

coefficient, V  is the flow velocity in cross 

section, dF is the drag force acting on model, 

  is the density of air and A  is the frontal 

area of the model. 

2.3. Numerical Simulation 

Reynolds number independence can be 

obtained when flow separation takes place 

without effects of the boundary layer. 

Therefore, the flow around the model should 

be examined. According to the theory of fluid 

mechanics, performs numerical simulation of 

3-D flow field around the automotive, using 

the Navier - Stokes governing equations with 

k  turbulence model [16-18].  ANSYS 

CFX has been used for the numerical 

simulation. The dimensions of the numerical 

wind tunnel were equal to the experimental 

wind tunnel. Boundary conditions set as: 

velocity inlet has been taken the same 

velocities in experimental research, pressure 

inlet and outlet has been equal to 1 atm 

because of the open wind tunnel. 
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3. Results and Discussion 

Figure 4 shows streamlines around the bus 

model on side view. Flow has separated up 

and down on front side of the bus. As a result 

of the radius on the front roof section of the 

bus flow hasn't separated in this region. 

However, cornered front bumper structure of 

the bus has caused flow separation. At the 

back of the model a vortex region that’s nodal 

point is closer to road has taken place. 

Figure 4. Flow lines around the model (27m/s side 

view) 

 
Figure 5. Flow lines around the model (27 m/s top 

view) 

 
Figure 6. Drag force change by flow velocity 

Figure 5 shows flow lines around the bus on 

the top view. Flow has driven on the front left 

and right sides and has been separated after 

the front edges of the bus. After the flow 

separation on front edges of the bus, flow has 

not been reattached again with the surfaces 

along the bus Contrary to side view, at the 

back side of the bus two vortex formations 

has been seen due to cornered side surfaces. 

It is seen in each two figures, the flow 

separation is formed only due to model 

geometry. Flow separation around the model 

is not formed due to boundary layer effects. 

Figure 6 shows variations of drag force 

affecting the bus model in different wind 

speed. It is seen from the graphic the drag 

force values that obtained by experimental 

and CFX analysis results are too close to each 

other. However, in the range of 5-11m/s 

speed the drag force is lower in experimental 

result than CFX analysis. If it is accepted the 

density value does not change, only the air 

velocity and the drag force affects the drag 

coefficient. Small deviations in the drag force 

can greatly affect the drag coefficient 

especially at low speeds. The difference in 

drag force between CFX and experimental 

results at 5 m/s speed is 0,01 N. 

 
Figure 7. Drag coefficient change by Reynolds 

number 

Figure 7 shows the drag coefficient values 

that obtained according to the results of CFX 

and experiment. At low Reynolds numbers 

the 
d

C values has changed in both the test and 

the CFX results. The whole range of 

Reynolds number values it is expected to 
d

C

have a fixed value. If the Reynolds number 

of the model and prototype don’t match,
 d
C

values of the model can not be fixed. As 

shown in figure 7, the 
d

C value has been 

fixed by increasing the wind speed. 

According to results of both CFX and the 

experiment, 
d

C  value has become to stable 

around Reynolds number 57000. 

Aerodynamic drag coefficient has started 

fixing at low Reynolds values due to blunt 

bus model. This situation is expected when 

objects do not have streamlined structure and 

drag coefficient remains constant after 

critical point of Reynolds number because of 
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bad aerodynamic characteristics and blunt 

geometry of bus model. [6]. According to 

experimental and CFX results, Reynolds 

number independence has been provided. 

After the Reynolds number value 57000, 

according to the CFX and experimental 

results the drag coefficient of the model has 

been determined as 0,66 and 0,65 

respectively. Gürlek [3] was determined the 

aerodynamic drag coefficient of the Model I 

as 0,62 in a water tunnel. The difference of 

the results between Gürlek [3] and this study 

could be resulted from the difference 

between air and water properties and small 

difference between models in production. 

4. Conclusions 

In this study, a bus model which height 66 

mm, weight 56 mm and length 175 mm, was 

tested in a wind tunnel that’s free flow speed 

28 m/s and cross section 292x292mm2, and 

test results was compared with CFX results. 

Using Reynolds number independence 

aerodynamic drag coefficient of the bus 

model was tried to be determined.   

As a result, according to both the CFX and 

the wind tunnel test results aerodynamic drag 

coefficient of the bus model was fixed after 

the value of the Reynolds 57000. Because of 

the flow separations around the bus, 

aerodynamic drag coefficient value was 

stable at low Reynolds number. At the 

bottom, rear and each side of the bus, flow 

was separated naturally without any 

boundary layer effect. Therefore the 

aerodynamic drag coefficient of the bus 

remained stable after reaching the Reynolds 

number 57000.In this case, aerodynamic drag 

coefficients of blunt vehicles such as 

juggernauts and trucks could be determined 

with small-scale of these vehicles and low 

speed wind tunnel via Reynolds number 

independence. 
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