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anrt.u"t
-\lrtttccl Body" is a well-estcLbl.ishecl ntodel of a ltatchbctck car. Itt tltis .\tudy, compLiational

'irttttlatiotts v'ere conductecl by usirtg existing CFD so.ftware to cctpture "clrng crisis,,
rirc.ttotrrettct. Flow is assumed as incompressibLe Jlow with Reynoltls Nturtbir of 4.3x106. A lrcttJ'rl'.lltttted Bocly" t'vas used in computational sinutlations tvith RANS rnethocl. Turbtience oroclel,
llrat v'ere entployecl mostly are k-e. The anntutt of grirt cells ttsed in contltuturtion is ctboti
-lttt t.t)00. Contptiations were carried out mostly to get drag coe.fficients an/ also to exnrLirre'tirla-\ .ttt'ttcttte related to it. In "drag crisis" plrcnornena, maxirnurn clrag cofficient is reaclrcrl
Ltt t'cot' tt'itrclow angle of 30'. Placentent of spoilers and yortex generator- hcts successjillly
rt'dttcerl tlte trutxintum drag cofficient at the critical angle of 30,,.

Ringkasan
'.\lttrtcd Body" 61s/oloh suatu model ruobil "hatchbrtck" stanclar. DaLctnt studi itti, sinttLlcrsi

i. 'rttlttttasiortctL clilakttkan rlengan tnenggtunkmt percutgkat ltnak CFD yrtng stulttlt atlg tLrttuk
i':,rtutr.gkap fenornetn "drag crisis". Aliran diasutnsikan sebagai aliran inionrpresibel delgcLrt
i'ilart.gatt Ret'nolds 4,3 x 106. Seporuh "Ahnted Bocly" cliguttukin dalam sinulttii kontptttctsiinal
,ittrqott tttetoda RANS. Mod.el turbulen yang digturukctn terLiafita aclolcth k-t. JuntLnh gri.cl ycytg
,ir!ttttakatt clalant perltitungan sekitar 300.000. PerhitLutgtut cLilctknkan ten.Ltati,rct L'.uttuk
rtrctttperolelt koefisien gaya hantbat clcm jugcr untuk ntempelojcLri stntktur ttorteks yattg berkaitcut
,it'ttgctrt gctya lnntbat. Padafenonena "drag crisis", koefisien gaya hambat rrni.rinirr,, clicapai
pacla sudti jettdela belakattg sebesar 30". Penentpatan "spoiler" clan "yortex generaror" teLalt
rlilokLtkcut dart berhasil dalant tnengurangi koefisien gayo lnnbat maksintum paclct suclut kritis
30'.

Kata Kunci: Mobil " Hatchback", Ahmed Borty, CFD, Drag Crisis, strtLkttLr vorteks

INTRODUCTION

i:rodynamics has been used in automotive industry as
ni \\'ay to reduce a caL's drag so that fuel consumption

;,ruld be r-educed too. Two other ways are enhancing
enuine pertbr"mance and reducing car,s weight. But, in
ihis study, we concentrate on aerodynamics way.

In this study, existing CFD software was used to
er,aluate a well-established hatchback car model called
"-{hmed Body" shown in Figures I and 2. A hatchback
car has a unique phenomenon called ,,drag crisis,, which
is illustlated in Figure 3. It could be seen in the Figure 3
that "drag crisis" phenomena is a unique changes of drag
coefficient to the changes of rear window angle, u.

These results could be used in automotive design.
especially in designing a hatchback car as fbllows: Rear

Window's angle of near 30,, should be avoided in
designing a hatchback car. An example of a hatchback
crr is shown in Figure 4.

In this undergraduate student level of research, sorne
computational simulations were carried out to get the
"drag crisis" phenomena as descrr"ibed above by using
computational facility that we have at our laboratory. An
efTort to reduce drag at the cr.itical angle r.vas alscr
eff'ectively done by rnstallation of spoileri and vortex
generator at the rear window of ,,Ahmed Body,,. Some
results including vortex str-ucture near the r.earl window
are also presented in this paper.
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Figure 1 "Ahmed Body": A Well-established
Model of a Hatchback Car (1)

Figure 2 Side View of "Ahmed Body" (1); a is rear

window angle.

Drag Coefficients vs Rear Window Angle

010x304050
Rear Window Angle {degree)

Figure 3 "Drag Crisis" Phenomena (2)

Figure 4 An example of Hatchback Car (3)

2 THE,ORY AND METHOD

In this study, flow is assumed as incompressible flow

with equations us lollow:

divi --0
du l1n
? + div(uu) = -:? aY6[i1'grad(u)
dr --' '.' ' p dx

2 + div(vi) = -- ? + vdiv grad (v)
0r pdy

! + d ir(rD = - LY + vdiv grurl (tt')
dr pdz

Method that was used in this work is applied CF)
Equation (1) is made in discrete form for CFD purpts'
by using Finite Volume scheme embedded in els::::
software. E,xisting software was used to do geomerl

drawing (AutoCAD or GambiQ and to condu::

computational simulations (Gambit and Fluent)' R'{\S
(Reynold Average Navier Stokes) method was used :-'

employing mostly K-e turbulence model and. tbr a lrtl-:

part of study, Spalart Aimaras turbulence model' Tr:
amount of grid (meshing) is limited to 300.000- since ri:
used Personal Computer to do the simulations' We use:

Reynolds number of 4.3 x i06 with velocity inlet of 6t-'

m/s. Rlr density is 1.225 kg/m3, viscosity is 1.7891 I
10"s , and pressure is 101325 Pa. Figure 5 shos's three

view drawing of "Ahmed Body" that was used in thr:

research and it meets international standard. A standarc

procedure in doing computational simulations by using

CFD wele carried out including meshing, computation'

and post processing.

Some terms from topology of separated flow is also usei

in this work to understand flow detail at near of the rear

window of "Ahmed Body". Figure 6 to 9 shoris

illustrations of topology terms of three dimensional

separations. More complete explanation about topologr

could be seen in reference [4].

Although we didn't conduct experimental investigation'

a comparison with experimental investigation result sas

done and will be presented in section 3.
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E-t 5 Three-View Drawing of international-
dized of "Ahmed Body" measured in cm (2)

FqEEre 6 Some Topology-Terms of Three Dimensional
Separations (4)

Saparatioa Attacluns$

Spiral Foci / Fo

Figure 9 Spiral Foci.rFocus: A Topology Term of Three

Dimensional Separation (4)

RESULTS AND ANALYSES

3.1 Grid Generation
Figure 10 shows a half of "Ahmed Body" after grid
generation by using Gambit. By applying "symmetry

boundary condition" to symmetry plane of "Ahmed

Body", computation to the half irody could represent full
body with increasing efficiency of grid generation and

computational effort. It could be seen in the Figure that

many grid cells are concentrated near to rear window of
the body because detailed investigation about vortex

structure will be carried out to the flow that near to rear

window.

3.2 Preliminary Investigation
Preliminary investigation was carried out to check

whether computational simulation by using personal

computer could captur,e "drag crisis" pher.romena. Also,
it is useful to choose which turbulence model will be

employed in detailed investigation. Figure lI and Figure
12 give results of the preliminary investigation.

Figure 10 A Half of "Ahmed Body" and Its Grid Cells
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Figure 8 Saddle Points:
Dimensional

A Topology Term of Three
Separations (4)

#
Puirds

A Topology Term of Three
Separations (4)

MM
^ft a. I{odel points

Figure 7 Nodal Points:
l)imensiohal
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Drag Coefficient vs Roar Window.s Anglo
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In this detailed investigation, only rear part of ,,Ahmed

Figure 11 Results of Preliminary Examination of Some
Computational Options

Flom Figure 11, it could be concluded that the plot of
"K-epsilon Half Body" gives the best result compared to
result flom [5]. The trend of "drag crisis,, is well-
captured. Values of drag coefficients could not as good
as from [5] since we did computational simulation by
using personal computer which has limitation of the
amount of grids used.

i:t;-G;c&; -. Body" will be evaluated. The reason is there is no

I :::T j significanr differences of derailed flow around front part
i 
"' snrbn*,* I of "Ahmed Body', as stated in [71.ilr .. K-Erb 

I

i . - 1Il** I .tnalysis of Flow at Rear Window Angle of 30. (The
i , ^IX i Critical Angle)

; - :';".*.-. i In this study, we want to know the reason of why dragi ' Ro'e'iencol5r I coefficient at the critical angle becomes the largest int-'--*-----*-."" -' "d.ug crisis" phenomena. The value of drag coefticient
for the critical angle is 0.48 as could be seen in figure I 1

and 12.

Let's start by evaluating figure i3a which shows velocity
vectors fbr the angle of 30". There are two big vortices
could be seen on the back of vertical wall of rear part.

' From figure 13a, we can get a preliminary understanding
of why drag coefficient at the critical angle becomes the
largest. The contributors are separation at rear window
and two big vortices on the back of vertical wall of rear
part of the body.

Figure 13b shows 2-D streamline for tire critical angle.
From this figure, additional infbrmation about
"separation bulb", "saddle point',, and ,,nodal point,,
appeared. This information gives a good contribution for
our preliminary understanding from Figure I3a as
mentioned before. See figure 6 to 9 for.topology terms.
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Figure 12 Furrher Comparison of preliminary
examination Results with Experimental Results

Further comparison with experimental result is shown in
Figure 12. It could be seen that "drag crisis,' phenomena
from experimental result has little difference with
computational result from 5 and from computational
simulation by using "K-epsilon" turbulence model. The
peak of curve of experimental result is higher than
computational ones. However, all of the three curves
have part I, part II, and part III in it. Trend shape of
"drag crisis" could be well-captured.
From the results shown in figure 11 and figure i2, it is
concluded that a further and detailed investigation could
be carried out by using "K-epsilon,, turbulence model
and using half of Ahmed body as shown in figure 10.

3.3 Detail Investigation
Detailed investigation focused in examination of detailed
tlow structure at critical rear window,s angie of 30
degree. it will be shown that the highest drag coefficient
at the critical angie could be reduced by installing
spoilers and a vortex generator.

i
I
j

i "'- t rrs "ll'] r rplr,il rnr l,ir.ilr

I 
iiudd

Figure l4a and l4b give more clear illustration abor,rt
"saddle point". It is happened in this critical angle of 30..
The "saddle point" was also remarked in F'igur.e l3b.

Figure I4a and l4b give three dimensional views of
"separation bulb" as two-dimensionally shown in Figure
13a and l3b. Figure l4b gives more clear view about
"saddle point" since output from Fhlent was added by
manual sketch to show ,,saddle point,, three_
dimensionally.

Figure l5a shows the "nodal poinr', as in Figure l3b, but
in the tbrm of three-dimensional. Basically, Figure l5a is
a plot of wall streamline of rear part of .,Ahmed Body',.
However, from the pattern of the wall streamline, as
shown in Figure l5a, we can see a ,,nodal point,,, three
dimensionelly.

Figure l5b is a final confirmation that there is a
separation bulb near the rear window (see blue part of
pressure contour) and two vortices on the back of
vertical wall of rear part of the body (see two separated
blue parts of pressure contours). This ,,separation 

bulb,,
lvhich make drag coefficient at the critical angle of 30"
become the biggest in "drag cr-isis,, phenomena. In the
next chapter, we will see how to reduce this highest drag
coefficient-
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Ffure 13 (a).Velocity vectors colored by Velocity
\t+nirudes (in m/s); (b). 2-D Streamline around Rear

-.\:rdou'of "Ahmed Body" ;(Rear Window Angle: 30")

hole, the flow will be accelerated so that kinetic energy
is increased. Vortex generator as shown in figure 16 has

an ellipse shape. This vortex generator also has a
function to increase kinetic energy of the flow. With
both devices, it is hope that the "separation bulb" will be

reduced.

Figure 16 Spoiler and Voftex Generator are installed to
Rear Window with Critical Angle of 30"

Boundary condition of CFD that was applied to spoilers
and voftex generator is "wall". It means that there is no
flow crossing them. And the result is: Drag coefficient
calculated for the body using the two devices is reduced
from 0.4S(without it) to 0.45. It is a significant reduction
for a drag coefficient.

Velocity contour of rear paft of "Ahmad Body" with rear
window angle of 30o and using spoiler and voftex
generator could be seen in Figure 17. There is still a krnd
of separation happened at the rear window. However, the
pattern is different from the same configuration without
spoilers and vortex generators.
To know further about the pattern of separation at the
rear window with spoilers and vodex generator, we
compared the two configurations: l.With spoilers and

voftex generator;2. without them. This wall-streamline-
pattem comparison is shown in figure 18a and 18b. It
could be seen that wall streamline for "Ahmed Body"
with spoilers and vofiex generator figure 18a is relatively
two-dimensional. It is marked by pattern of wall
streamline at rear window that nearly parallel with x-
axis. If we look back to pattern of wall streamline for
"Ahmed Body" without spoilers and vortex generator
(redrawn as figure l8b), it is clear that at rear window
there is a 3-D "separation bulb".

So, the effort to reduce drag coefficient of "Ahmed
Body" at the critical angle of rear window by usin-e

spoilers and vofiex generation was successful.
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Figure 14 Velocity vectors colored by Velocity
Magnitudes (in m/s);

rb) Sketch of Saddle Point at Rear Window Surface
(Rear Window Angle : 30')

(a) (b)

Figure 15 (a). Wall Streamline colored by Static
Pressure in Pa

(b) Total Pressure Contour in Pa (at plane X-Z); (Rear

Window Angle:30')

Reducing Drag Coefficient at the Critical Angle by
Installing Spoilers
From discussion in the preceding chapter, it could be

concluded that the most important thing in reducing drag
coefficient of the critical angle of 30' is diminishing or
reducing the "separation bulb" (as shown in figure 13

and 14). The appearance of"separation bulb" makes the

flow has three-dimensional separated flow. This kind of
flow contributes large to drag coefficient.

The basic idea in reducing the "separation bulb" is to
push the flow to attach to rear window. We can do that
by adding kinetic energy to the flow near the rear
window. In order to add kinetic energy, we install
spoilers and vortex generator at the rear window of the

body (see figure 16). By pushing flow to enter spoiler's

;'::,:,'3.*t)*

'.'' a t!,1,,

I l-il r.'
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Figure 17 Velocity vectors colored by Velocity
Magnitudes

(in m/s) ; (Rear Window Angle = 30"; with spoiler
and vortex generators installed)

::i

Figure 18 Wall Streamline with Spoilers and Vortex
Generator; (b) Wall Streamline without them. (Both with

Rear Window Angle = 30" (the critical angle))

4 CONCLUDING REMARKS

In this study, computational simulation of an
inter nzrtional-standard hatchback car model called
"Ahmed Body" was successfully done. By using
Personal Computer, the calculation to capture "drag
crisrs" phenomena was able to get the trend of it. Drag
coefficient values is different from frequently-cited of
Ref'erence (5) due to iimitation of grid cells amount
possible in this study. Detailed investigation of flow
pattern gives a result that the appearance of 3-D
"separation bulb" is a reason of why drag coefficient of
the critical angle becomes the largest in "drag crisis,'
phenomena. An effort to reduce drag coefficient of the
clitical angle was succeed by installing spoilers and
vortex generators at tl.re rear window of the body.

5 SUGGESTION FOR FURTHER STUDY

More quantitative way to analyze vortices structure in
the flow around "Ahmed Body" is highly suggested.
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