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ARTICLE INFORMATION ABSTRACT

Original Research Paper Various studies on cars aerodynamics focusing on the Ahmed body model as a standard and simplified
Received 15 October 2017 shape of a road vehicle have been carried out in recent years. In this paper plasma actuator as an active
Accepted 04 December 2017 flow control method has been employed to control flow around the rear part of an Ahmed body with the

Available Online 22 December 2017 rear slant angle of 25°. Experiments performed in a wind tunnel in free stream velocity of U=10m/s

using steady and unsteady plasma actuator excitations. Pressure distribution on the rear part was

E;ﬁ“ﬂ;“ﬁ;um measured by 52 sensors, and also total drag force was extracted by a load cell. More over smoke flow

Drag force visualization was carried out to determine the flow pattern around the body. The results showed that

Wind tunnel employing plasma actuator not only has an effective influence on pressure distribution on the rear slant

Ahmed bady surface, but also reduces total drag force in steady and unsteady excitations 7.3% and 5%, respectively.
As a result, based on flow visualization and pressure distribution tests, plasma actuator in steady state
actuation, could distract D-shape vortices and suppress the separated flow over the rear slant.
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Fig. 1 Flow pattern behind Ahmed body model at rear slant angle of
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Fig. 2 Plot of drag coefficient vs. slant angle [4]
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Fig. 9 Load cell mechanism to measure drag force
Lt S50 65 o3lail gy Jowog) 50150 9SS

Fosdse Sl eolaiul b fpismen 098 o0 ooy plid eSwghonl
09 oo &S ojlul i.‘auay;.o L;:)Li” ol (Jbasus

39,8 aS” sl (g0 Lowsdly S pmme s 056 10 S Gillas
gl il (59, 2 oantigy 99580l 5 (VL mhaw sl 4 (5, 2 ko,
oo izl oog mSU L wilonds cuas [0S 5l a4 L &gy g jland
95 plyp o @ oals 9 5k, ooy iSIl (25 5 e e 250 390>
6 Jolis layisle;l plad jo Lewdly S oo S xSUlgs ol yio Lo 15
b g e SdgslS T et sy LU ogS ceer 4
plp Jeols uilS 3 el (Koo (S Sl lo el by ool 3.4 S xSTlgo
8 el LLG S Sl 3 o S35 55, 10 L
S Vel e ol ) eslaial b Joe coty slawls,F hh, omab
ol 00l pasd 35,220l (g0

Lowsdly S yzmo 0l alold 4 4z g5 b 5 5 Bole slaaizul 5,54 b
o ol (S 50 o 5255 ST s bS5 5 el slon
IS5 b o Blas b iles] ads yuzes ol ool snile, JBlas>
oads &l 5 Kle & jsods b ools (s og S0P A azgi b g oays

s

& o -3
5 e 33 aleg] 13
Fp kS 10 Jol> (S8 )3 (250 amio (59) p Ledl S e ceai b

.

Fig. 10 Position of plasma electrodes

LoDl 6Lad5)lill —al Joe 10 JS%

7 Carrier frequency

8 Duty cycle

9 Mean electrical current
10 Capton

1 Hot-wire

12 o )lais 17 095 1396 il ()30 Sl s

e
S | b

|
Fig. 7 View of the leading edge of the table which is designed sharply
ol 00 6_'>l).|a A...;;]...: Gygo & AS)M 6.»‘..\...-\ aJ L§L‘°"7 JS.»)

ool BSST g 5l -2-2
2 dve s G Jdoay a5 jlad jsuin 52 5l eoliiul b jlid a6
..b]‘s,a Cawdds 0l i u] Sl (8990 9 )IM C9‘|a"‘" )| ‘SAM.I $9y
g B el o0 o8lo lias "B KA [0 g (65,18 il
ashon 2 1315 15 5 adon 8 5 4 S Ay Sy I JSte
Sy ml g el Jate LS 28 )L...B‘J:M.A oKiws a4 a5 cul
3935 ;3 (5 pSoilal olKiws Teds D5 oo dumlee (1) alayl, 5l oslaiul b
_ (P _Poo)

C 1
SXpxU?

p @

losl el ool Cowods T oy 5l ooliiwl b Jow » 0)ls slew (S
prlSe @3) 93 595 2 |y Je «SEasl 59,05 (aile; Sl 4y jslaresy
oresl] S aloo S Jlail 179 JSET Gl g o0ls 418 (STs 5 )
Jlasl )5 21 C85 b Jusgd 0 500 S 51 &5 Jue @ 0 05 Job

gdga ool (alad T Jlzms , 5l jo ol bz 5l ol (595 w0l

@Ln.m)li s.f).z.n W -3-2

P S y25 sl uilS 3 Sl yte ge sas g0 5l eolital b ogd oo el

=
Il
8 R R g
o o o o
1 | 1
I I I
I I 1
L4 & - — - 0.97
i = - - -094
Slanted Surface o
. . - --084
1- - - - 079
& 0.74
] M- - - 070
: -~ - 060
Vertical Base B - — ~ 050
. . . 0.38
. 4 . - --026
z G B - - - 0.16
t Y B - - - 0.05 =
(o] y
Center Line

Fig. 8 Position of pressure sensors
JLed sl g oa e 8 JSU

! Transducer

2 Uncertainty

3 Load cell

4 Digital indicator

5 AC (Altering current)
6 Excitation frequency

526


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.40.2
https://mme.modares.ac.ir/article-15-4992-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.10275940.1396.17.12.40.2 ]

O 9 (Slodlis sl

otleswlly yKhos 5l o3liaol by eal pas 3 Jga Ly (59388 YIRS (5275 Jaloxs

950 80% 290> 10 CUSh sl (5,8 (sl (5925 ot ool Lt
95k Sl (o801 0551 Cemsdy b aiS oo Sl 990 ol el JS
wor &&l8 ol e Ol s Sl dele Sl Jas kel mhae 9o
Sy

3 G sl s 55, 2 Jled culpd g Hguls 13 S8 o
G55 oo iagh b b aF Cenl sad ool lis lewdl Shes o
s 3lukeil [38] &,lid 5 [37]

el ad sl ol jlad o8 bl 18 ST @ azg L
ok Gin s Gl ol CiS (g e g bl slael Jlah gl
ool 0030 3 (g5 ol el Sgzgdr s Jlad s gl ad o,
L o5 (AP mans G S PP Sk war 2 .2 S
jhogbios bl jlad g wes e Flad n (Hly a4l 955 Gl
sloe ams e S5 1, gl (53, 5 8 o5 anl &5 bl %o
angS 1Y Jsb o als 3 o laz saimslis o wib o mhow Sl
@ JS2) ol Jgb sl 3 s Y

bl ey Jlac b oy atalie 14 JSE" s o5 slales
gl & 3 5 Sty 8IS gl oz ad L5 oS oy
oS sl 515 (Sl pol Gl sl 0t a0 SIS L b s ailars oyl
Obz g 0ad Joreta ddlaie cpl )0 0ad JSA5 oS Lendly So 25 L
525 iy $agtalesl o bins gd9e (ol iz oo o @ 00 o
oS &l el mhe LS ad 4l o (rizer 09l cvmlin
Ly 5o el i iy 3 e s S i1 2alS Siy s
el g L 55 | gl

2 LLE 5 Ll «So,58 pae oV o jLad g5 Jloges 15 JSET 5o
G153l s ledly (53,55 el 0 0l Lt e 635 po b3 g,
a ot o & byryn Gblie oyasll e 25 s 4z L6

ol

Cp . 0.8 0.75 0.7 0.65 0.6 055 05 0.45 04 035 03

0 2 4 6 8 10
Y (cm)

Fig. 13 Contours of pressure distribution on the rear slant of an Ahmed
body in plasma off mode at velocity of 10m/s

Sl 5o serl ez iy et gl 6y JlEd @y el 13 S
a5l e 10 ey o Lawdly S e (09 ogals

5 Form drag
6 Separation bubble
7 Longitudinal vortices

527

S5 0 5% gl b o TGl e g e S b by Dl
Sl e s 2y oLS 6 b el 5y T3l b e o aols oles "11
mso 8 5y Gl L (T 5l e 5 oy 4l 2 e D ey ST lade o
S o e Jlael 5y 4> i il b el o] 5 Sl el ol S
a2 JSE" cleSy cle )l Ledly gy ames 5o Soad glodl Ladly
cle @ loaS) cnl 5o 09d 0 b "b-12 IS8T IS w3, Sl 4
ol Sl as 0 9 a8 F Oyso st S8z b Lawdly aglss ol il
5 @l ey 20l 4 e Buled sl nl b e 205 Leodly JS
[35] 595 0 S e ¥ Jlae! (59

alS 5o a5 Lewdly Spme (639)9 (S sla gl 20 Jgu o
el 00 0l (Lt i S e 51,8 sl 550 o stales]

JLid 29595 -2-3
Joe Sty g ol (gl s MB35 g a4 bz o8
[36] (romums 5 @slS oo Joo 2 528 lay o5 Sl com

Upn (mfs)

O 1 1 1 1 1 1
0 1 2 3 4 5 3] 7
Vep (kV)
Fig. 11 Plot of induced velocity by plasma actuator (Uy,) based on the
applied voltage (Vyp)

el 5y bl (Upy) bwdl Shos by Sl cps Jloges 11 S5
Vop)

7kV

Fig. 12-a Uniform plasma distribution regime; and b Stratified plasma
distribution regime

1455 slodly g595 023, B e lgiSs slowdly @59 w3, 8-12 S5

1Induced flow
2 Saturated

3 Conductivity
4 Body force

12 o plouts 17 0,93 1396 ssawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.40.2
https://mme.modares.ac.ir/article-15-4992-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.10275940.1396.17.12.40.2 ]

OSed 9 ilodis alihs

‘,ul.omlle)ﬂo.c)loél.mlhmllnmahﬁ_\'dphmv.sg)u&ml.\'@):udal&

Table 2 Input electrical parameters of plasma actuator
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