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Abstract 
     The undertaken research deals with an experimental determination of drag 
coefficient for five car models. Experiments were run within a subsonic aspiration 
wind tunnel, covering an air speed up to 33m/s.Drag coefficients of 0.45, 0.39, 0.53, 
0.34 and 0.68 for Mercedes SEL300, Hyundai, Toyota, Pajero, and Mini-Bus models 
were obtained respectively.  
     The flow field around the pre-quoted models with a qualitative description about 
the flow visualization for car models using a subsonic smoke wind tunnel has been 
accomplished.  
Keywords: Aerodynamic of automobile, Drag coefficient, Strain gauge. 

ذات أشكال هندسية  نماذج سيارات على الكبحالتجريبي لمعامل  التحديد
  مختلفة

  ةـالخلاص
. مـن المركبـات   لخمسـة نمـاذج   التحديد التجريبي لمعامل الكبح يتناول البحث الحالي     
مغطياً مـدى لسـرعة) دون سرعة الصوت(السرعة  ريت التجارب داخل نفق هوائي قليلأج

لنمـاذج مركبـات تحـاكي مرسـيدس معامل الكـبح  أرقام.ثانية /رمت 33الهواء يصل الى 
SEL300    0.45:  ، هيونداي ، تويوتا ، باجيرو ، ونموذج بـاص صـغير كانـت كـالآتي  ،

. على التوالي 0.68، و  0.34،  0.53،  0.39
مع تصور نوعي حول مشاهدة أسـلوب الجريـان ةذج المذكورمجال الجريان حول النما     
  .بمولد دخان من المركبات تم باستخدام نفق هوائي واطيء السرعة مزود  اعكذا أنوله

1. Introduction
p to now the improvements 
in aerodynamics have 
mainly been accomplished 

by improvements in the shape of the 
upper body of the vehicle. Even if 
some limitations have been 
anticipated in the maximum allowed 
velocity for the future vehicles the 
aerodynamic drag for a modern car, 
model year 1999, at 80 km/h 
constitute approximately 50% of the 
total driving resistance [1]. For a 
modern car the basic shape stands 
for approximately 45%, wheels and  

Wheel-housing for 30%, the floor 
and detailing for 25% of the total 
drag [2]. The flow in the underbody 
region is complex partly due to the 
geometry of the underbody and 
partly due to the interaction 
between the vehicle and the ground. 
One of the major drag contributors 
in this region is the wheel [3]. As 
been shown by reference [4], the 
major part of the drag comes from 
the part of the wheels and only a 
minor part originates from the 
wheel-openings. Streamlining of the 
underbody would summarize to 
around 0.17 in decreasing the Cd. 
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Reference [5] also makes it clear 
that the underbody flow is the next 
topic for automotive aerodynamics. 
Reference [6] did a study of how 
drag and lift is affected by under 
body diffusers. This study was 
continued in reference [7] where a 
complete moving ground study has 
been done. Reference [8] shows 
however that the rear wheel wake 
drastically decreases the diffuser  
Efficiency which makes it hard to 
trust a tool based on data from a 
simplified geometry. Reference [9]  
claims that moving floor and 
rotating wheels leads to a reduction 
in flow angularity at the front 
wheels. Reference [10] have done 
some work on the aerodynamically 
development within a car project at 
Volvo. It is mentioned that 
underbody add on features that 
reduces drag have twice as large 
effect in the DNW wind tunnel with 
moving floor capabilities then what 
is a fact in the Volvo wind tunnel. It 
is also stated that this effect is 
different for other types of cars. 
Reference [11] concluded that drag 
is mainly improved by reducing the 
ground clearance and the wheel 
housing size, or by increasing the 
track. Reference [12] presented the 
optimization result, the effect of 
vortex generators in the flow field 
and the mechanism by which these 
effects take place. The automotive 
underbody flow characteristics were 
simulated by reference [13] for a 
20% scaled car model, where 
different underbody shapes were 
designed. Main influence factors 
which affect coefficient of 
aerodynamic lift are cavity of wheel 
and wheel in turn, and the 

influences of vent-pipe groove and 
shapes are small. 
Current work shows however that 
the number of shape of the upper 
body of the vehicle affects the drag 
on a vehicle. 
2. The Experimental Apparatus 
2.1The Wind Tunnel  
     The wind tunnel used in the present 
work is EA600 Delta-Lab, aspiration 
type with a squared test section of 
230mm×230mm and maximum 
velocity of 35m/s (Sited at Houari 
Boumediene University for Science & 
Technology in Algeria). It is made 
from rigid PVC and air is drawn in, 
throughout the convergent diffuser. 
The squared test section is made from 
transparent altuglass. The test section 
upper wall is provided with 7 
waterproof holes in order to enter the 
Pitot tube. The diffuser is connected 
with the ventilator by an elastic 
connector in order to keep it away 
from the external vibrations that are 
produced by motor-ventilator 
group. The centrifugal ventilator is 
fixed over an independence frame, 
and it is controlled by an electronic 
frequency variator [14]. Figure (1) 
shows the main parts of the wind 
tunnel. The wind tunnel is provided 
with one Pitot tube and displacement 
system in depth of the test section. It is 
also provided with one multi-
manometer EI 104 (24 tubes of 500 
mm height). 
Pressure measurements are carried 
out with the aid of Pitot tube with a 
holder which permits for moving it 
through the depth of the test 
section. 
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2.1.1 Wind Tunnel Calibration  
     The calibration of wind tunnel test 
section was carried out and the gained 
results showed a uniform velocity 
distribution within the working 
section. The velocity distribution at 
the test section is shown in figure (6).   
2.2Extensometer Bridge      
 The extensometer bridge which was 
used in the present work to measure 
the aerodynamic forces six channels 
Delta-Lab EI 616 type issued to 
measure the deformations of the strain 
gauges. It consists of one digital 
indicator of 20000 points, 
potentiometers for initial balance of 
gauges, and one adjuster (regulator) 
among 1 and 5 of the gauge factor, 
[15]. Strain gauges are connected in a 
half-bridge connection type as shown 
in figure (2).  
2.3The Tested Models  
     Five models are shown in 
figure (3), reproducing three, two, 
and one-box form passenger cars 
made from the PVC, hardwood, 
and steel with different scales, were 
tested. Mercedes model with a scale 
of 1/20 and a blockage ratio of 16% 
as well as to Hyundai model with a 
scale of 1/30 and a blockage ratio 
of 2.5% reproduce three-box form 
passenger car type. Toyota model 
with a scale of 1/20 and a blockage 
ratio of 16% as well as to Pajero 
model with a scale of 1/30 and a 
blockage ratio of 2.5% reproduce 
two-box form passenger car type. 
SNVI Mini-Bus model with a scale of 
1/40 and a blockage ratio of 8.4% 
reproduces one-box form passenger car 
type. 
 

3. Experimental Calculations 
    Five pre-quoted models were 
tested. Each model was fixed at the 
end of the sting by a stud and nut, as 
shown in figure (4). The sting is made 
of a hot rolled medium Carbon steel 
(0.45%C) with a Young modulus of 
elasticity (E=203.4×109N/m2) and a 
cross section b×h of  (12.6 
×5.16)10-3m. 
     Dimensions of the sting were 
chosen so as to reproduce a minimum 
strain that it can be read via the strain 
gauges. Each model was fixed at the 
reference point of the sting. The 
bending moment is given by, 
     CXCYO YFX.FM +=       ….(1) 
The value of (FY×XC) approaches to 
zero (Direct strain which is due to the 
effect of FY in the range of 0.3٪ of the 
total strain as a reason of FX and Mo 
effect) [16]. The two equations to find 
two unknowns (Mo and FX) can be 
obtained by sting vertical position. 
The model and four strain gauges 
were fixed at the reference point (O), 
(B), and (A) as shown in figure (5-a). 
La represents the distance of strain 
gauges (A) from the reference point 
(O). Lb represents the distance of 
strain gauges (B) from the reference 
point (O). From the bending moment 
diagram shown in figure (5-b), 
         aXOA .LFMM +=               (2) 
and 
         bXOB .LFMM +=               (3) 
MA, MB have a direct relation with the 
readings of strain gauges εA and εB, 
respectively, according to the 
subsequent equations: 
       E.h/2IM/Eσε ZAAA ==    
or    /hEε2IM AZA =                       (4) 
and  E.h/2IM/Eσε ZBBB ==  

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Eng.& Tech. Journal ,Vol.29, No.15, 2011                    Experimental Determination of Drag  
       Coefficient on Different Automobiles Geometry 

 
                            

 

3046  
 

or  /hEε2IM BZB =                       (5) 
Where IZ represents the second 
moment of area for the sting around 
the z-axis. The solution of equations 
(2) and (3) identifies the values of the 
unknowns, FX and Mo. The drag 
coefficient is given according to the 
known relation:  
         f

2
XD AρV5.0/FC ∞=              (6)                                                              

Fluid velocity (air-speed) could be 
estimated by Bernoulli’s Equation. 
In order to identify the relative error, 
Bernoulli's equation can be written as 
      dH/H 0.5dV/V =  
Where dH is the absolute error ratio in 
total pressure head expressed by:  
        22

m H)()H-(HdH δ+=  
Where H represents the total head. 
     The deviation analysis for drag 
force measurements are obtained 
from equations (4) and (5), 
                    A1A CM ε=                    
and               B1B CM ε=  
Where          E/h2IC Z1 =                                          
By substituting in equations (2) and 
(3) yields,                  

          XaOA1 dFLdMdC +=ε                             
(2a)                                              

          XbOB1 dFLdMdC +=ε        (3a) 
From the two equations (2a) and (3a), 
           )ln(lnF BAX εε −=  
 or    

2
BB

2
AAXX )/d()/(dF/dF εεεε +±=

                     
Since  
            εR/R)/(G.F ∆=                    (8) 

R/R)(∆ is considered as constant 
since it includes the strain 
approximation: 
                εε /-δG.F/G.F δ =  
or       ε  G.F/G.F) (δ δ =ε             (9) 

The deviation of drag coefficient will 
be obtained from the equation, 

dV/V)2()F/dF(C/dC xxDD −=  

   22
xx dV/V)2()F/(dF +±=     (10)    

4. Results and Discussion 
Figure(7) shows the direct relation of 
strain readings at strain gauges A and 
B, with an air speed for models 
Mercedes SEL300, Hyundai, Toyota, 
Pajero and SNVI Mini-Bus, 
respectively. 
     Drag coefficient variation as a 
function Reynolds number for 
different vehicles' profiles were 
presented in figure (8). 
Deviation errors for mentioned five 
models are shown in figure (9). It is 
noted that high readings of strain 
leads to high accuracy in measured 
values. 
5. Conclusions 
     The major conclusion from present 
work can be listed as follows: 
Results of CD, using the strain gauge 
method, are extremely encouraging. 
This method is, therefore, a viable 
investigation tool that can be used to 
determine the drag coefficient for 
automobiles. 
6. Notations 
Af :The model frontal area (m2) 
CD: Drag Coefficient 
E : Young modulus of Elasticity 
(N/m2) 
Fx: Total Drag Force (N) 
FY: Lift Force (N) 
h : Thickness of beam (m) 
IZ: Second moment of area (m4) 
La: The distance of strain gauge A 
from  
      The reference point (O). 
Lb: The distance of strain gauge B 
from  
      The reference point (O). 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Eng.& Tech. Journal ,Vol.29, No.15, 2011                    Experimental Determination of Drag  
       Coefficient on Different Automobiles Geometry 

 
                            

 

3047  
 

MA: Moment at A (N.m) 
MB: Moment at B (N.m) 
(XC.YC): Centroid of beam 
V∞: Undisturbed air flow (m/s) 
ε A: Strain at strain gauge A (µ strain) 
ε B: Strain at strain gauge B (µ strain) 
ρ : Air density (kg/m3) 
σA: Stress at A (N/m2) 
σB: Stress at B (N/m2) 
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Vehicle 
 Model 

One-box 
Form 

Two-box 
Form 

Three-box 
Form 

 
Mercedes SEL300 
Model 
 

   
          0.45 

 
Hyundai Model 
 

   
          0.39 

 
Toyota Model 
 

 
 

 
          0.53 

 

 
Pajero Model 
 

  
          0.34 

 

 
SNVI mini-bus 
Model 
 

 
0.68 

  

 
 
 
 
 
 
 
 
 
 
 

Table (1) Values of drag coefficient obtained in the present 
work using strain gauge method (Re=2.8×105 to 6.55×105) 

for all models. 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Eng.& Tech. Journal ,Vol.29, No.15, 2011                    Experimental Determination of Drag  
       Coefficient on Different Automobiles Geometry 

 
                            

 

3049  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

[17] 

[17] 

[17] 

[17] 

[18] 

[18] 

[18] 

Table (2) Values of drag coefficient obtained from using pressure  
distribution 

                      method ( Re=2×105 to 7×105) for all models [17,18]. 
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Figure (1) the scheme of wind tunnel [4]. 

 

 
Figure (2)  Half bridge connection [5]. 
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Figure (4) Experimental procedure for Mercedes SEL300, Hyundai,  
Toyota and Pajero models  

 
    

Three-box form 

Passenger car models 
Two-box form 

Passenger car models 
 

One-box form 

Passenger car model 
 Figure (3) three, two, and one-box form passenger car models 
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Figure (5) Bending moment diagram for the sting in vertical position. 
                    (a) Vertical position for the sting.                     

 

Figure (6) Velocity distribution within the test section. 
       From calibration of the wind tunnel. 
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(a)  

  
(b)  

(c)  
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(e) 
 
 
 

(d) 

Figure (7) Variation of strain with an air-speed for 
(a)Mercedes SEL300 model,(b) Hyundai model 

(c )Toyota model, (d) Pajero model and (e) SNVI mini-bus model 
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Figure (8) Drag coefficient variation as a function Reynolds number 

For different vehicles' profiles. 
 
 
 
 
 
 
 
 
 
 

(a)  
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(b)  

(c) 
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(d) 

 

 
 

(e)  
 
 
 
 
 
 
 
 

Figure (9) Variation of deviation errors with an air speed for 
                   (a) Merecedes SEL300 model 
                   (b) Hyundai model 
                   (c) Toyota model 
                   (d) Pajero model 
                   (e) SNVI mini-bus model 
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