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Abstract

The undertaken research deals with an experimental determination of drag
coefficient for five car modds. Experiments were run within a subsonic aspiration
wind tunnd, covering an air speed up to 33m/s.Drag coefficients of 0.45, 0.39, 0.53,
0.34 and 0.68 for Mercedes SEL 300, Hyundai, Toyota, Pagjero, and Mini-Bus modds
were obtained respectively.

The flow fidd around the pre-quoted modes 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.
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1. Introduction

l |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

Whesel-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 whedl [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 whed 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 modd, where
different underbody shapes were
designed. Main influence factors
which affect coefficient of
aerodynamic lift are cavity of wheel
and whed in turn, and the
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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
2.1TheWind Tunnel

The wind tunnd used in the present
work is EA600 Ddta-Lab, aspiration
type with a sguared test section of
230mmx230mm 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 sguared test section is made from
transparent altuglass. The test section
upper wal is provided with 7
waterproof holes in order to enter the
Pitot tube. The diffuser is connected
with the ventilator by an elagtic
connector in order to keep it away
from the externa vibrations that are
produced by  motor-ventilator
group. The centrifuga ventilator is
fixed over an independence frame,
and it is controlled by an eectronic
frequency variator [14]. Figure (1)
shows the main parts of the wind
tunned. The wind tunnd is provided
with one Pitot tube and displacement
system in depth of the test section. It is
aso provided with one multi-
manometer El 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 tunne test
section was carried out and the gained
results showed a uniform veocity
distribution  within  the working
section. The veocity distribution at
thetest 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 channds
DdtaLab ElI 616 type issued to
measure the deformations of the strain
gauges. It consists of one digita
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
infigure (2).
2.3The Tested M odels

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 Pagjero
model with a scale of 1/30 and a
blockage ratio of 2.5% reproduce
two-box form passenger car type.
SNVI Mini-Bus modd with a scale of
1/40 and a blockage ratio of 8.4%
reproduces one-box form passenger car

type.
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3. Experimental Calculations

Five prequoted modds were
tested. Each modd 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 sted
(0.45%C) with a Young modulus of
dasticity (E=203.4  10°N/m?) and a
cross section b h of (12.6
" 5.16)10°m.

Dimensions of the sting were
chosen so as to reproduce a minimum
strain that it can be read via the strain
gauges. Each modd was fixed at the
reference point of the sting. The
bending moment is given by,

My, =F Xc+FKY, ..(2)
The value of (FyxXc) approaches to
zero (Direct strain which is due to the
effect of Fy in therange of 0.3% of the
total strain as a reason of Fx and M,
effect) [16]. The two equations to find
two unknowns (M, and Fx) can be
obtained by sting vertical position.
The modd and four strain gauges
were fixed at the reference point (O),
(B), and (A) as shown in figure (5-a).
L, represents the distance of strain
gauges (A) from the reference point
(O). Lp represents the distance of
strain gauges (B) from the reference
point (O). From the bending moment
diagram shown in figure (5-b),

My =Mg+HK.L, 2
and

Mg =Mg+K.Ly 3
Ma, Mg have a direct relation with the
readings of strain gauges ey and eg,

respectively, according to the
subsequent equations:

epn =0A/E=M,.2I,E
or M, =2l,Eep/h 4

and &g =og/E=Mg.W2I,E
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or Mg =2l,Eeg/h (5)
Where 1; represents the second
moment of area for the sting around
the z-axis. The solution of eguations
(2) and (3) identifies the values of the
unknowns, Fx and M, The drag
coefficient is given according to the
known relation:

Cp = Ry /0.5pV2A; (6)
Fluid velocity (air-speed) could be
estimated by Bernoulli’s Equation.
In order to identify the reative error,
Bernoulli's equation can be written as

dv/V =0.5dH/H

Where dH is the absolute error ratio in
total pressure head expressed by:

dH = /(H-H,,)? +(dH)?
Where H represents the total head.
The deviation analysis for drag

force measurements are obtained
from equations (4) and (5),

Ma =Cien
and Mg =Cieg
Where C,=2I,Eh

By substituting in eguations (2) and
(3) yidds,
Cide, =dM g +L dRy
(29)
C,deg =dM + L ,dR~ (3a)
From the two equations (2a) and (3a),
InF =In(e, - eg)
or

dFy /Fy =%y(dep /en)? +(deg /eg)?

Since

G.F=(DR/R)/e (8
(DR/R) is considered as constant
since it includes the strain

approximation:
d0G.FIG.F=-dele
or oe=( G.FIGF ¢ 9

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

dC, /C, = (dF, /F,)- (2dVIV)

=+ [(dE/E )’ +(2dV/IV§  (10)
4. Results and Discussion
Figure(7) shows the direct relation of
strain readings at strain gauges A and
B, with an ar speed for modds
Mercedes SEL 300, Hyundai, Toyota,
Paeeo 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
maodes 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 belisted 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

A; :The modd frontal area (m?)

Cp: Drag Coefficient

E : Young modulus of Elasticity
(N/m?)

Fy: Total Drag Force (N)

Fy: Lift Force (N)

h : Thickness of beam (m)

I2: Second moment of area (m’)

Lo The distance of strain gauge A
from

Thereference point (O).

Ly. The distance of strain gauge B
from

Thereference point (O).
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Ma: Moment at A (N.m)

Mg: Moment at B (N.m)

(Xc.Y¢): Centroid of beam

V... Undisturbed air flow (nvs)

€ a: Strain at strain gauge A (1 strain)

€ g Strain at strain gauge B (U strain)

p: Air density (kg/m’)

oa: Stressat A (N/n)

og: Stressat B (N/n)
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Table (1) Values of drag coefficient obtained in the present
work using strain gauge method (Re=2.8x10° to 6.55x10°)
for all models.
Vehicle One-box Two-box Three-box
M odéel Form Form Form
M ercedes SEL 300 0.45
M odel
Hyundai M odel 0.39
Toyota Model 0.53
Pajero M odel 0.34
SNVI mini-bus 0.68
M odel
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Table (2) Values of drag coefficient obtained from using pressure

distribution
s e ~ a~R. - a~R " 11 ra= a~
Velhicle Ce=frox Tweee=frin Three=fox
_ Form Form Form
Reference madel el mifel
Porsched2 4‘[ 17] ﬂﬁ}*‘h
Turho = ¥
(1]
FW PO
[17]
Vereedes SO0NE
f71
Citroen (x5
18] 0.88
Nharp-cdged
Front
18 :
Front u'h‘fr[ ! e e 0.36
Rounded leading f}
[18]
o 0.34
"Seromform’ g
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Figure (2) Half bridge connection [5].
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Three-box form Two-box form One-box form

Passenaer car models
- Passenger car models Passenger car mqdel
Fiagure (3) three, %ZWOg and” one-box form passengér- car moo%(is

Figure (4) Experimental procedure for Mercedes SEL 300, Hyundai,
Toyota and Pajero models

3051

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



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

Eng.& Tech. Journal ,vVal.29, No.15, 201

Experimental Determination of Drag
Coefficient on Different Automobiles Geometry

M, ‘/' r.,
o] F .,

(al

Figure (5) Bending moment diagram for the sting in vertical position.
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Figure (6) Veocity distribution within the test section.
From calibration of thewind tunnel.
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