ISSN 1999 - 8716 (s A
Printed in Iraq dawaigl) a glall

Yo\Y de\ Q}'ﬁ\s c(139_129) i\a,ﬂ\ Oladia c@bﬁ\ ) ‘ﬁ\d\ ﬂ.;d\

Balgial dad)galial) (o) Ao Bylaaall (o £ UL Baly) s

Talil LS dile L) aen e Gola
e l) Aaml) Aaaladl, il apaell dae) dgas ,laaally GAKA) Gl and e baa ESLPRRMEVItIS
sadig.utem@gmail.com !, mmud2014@yahoo.com '
(YOOYNYNY =ideidll ¢ YoIV/e/v =i Dau)

AuDAl)
Dol Gmns U (e Alkd gy (g2l bl g G A Bladl 03 gl s by 5 Gl N S
DBYL o5 053 e o) it 055 B unll 3 eha) bl o c0baY) e S B dugite e Bgean
G lasiad 5, Auball ehaY Laalgid) Agisalial) gl ADke L) Al el Lagad it 13Sa ¢y Aaall) Al
A LS L ad Baal Aggun Ly g Ul (sgie il LLE jig Sedan pluw Hlwd dase Al B i s
General dalall Zalalal) Jilad Ayl Jie dilas) Golall (amy caeddinl Mg . olgell Ailida Ao ¢y pladia
Asaly Bygean il el lagaladiul 23 Analysis of Variance cplall Jiasg Full Factorial Method
asSHl Ak g V) el Akl b (ad Wl Al gyl 50l) die By §ygemy 25 ) 858 o bl il

ccnladl Sl Gl 3l Ciyen clilee e i 5800 a4 28 Las

Lol st sl aseca agicall (38, dudlgaliaall (ggill ,ASyall g liny) sApalidall cilalSl)

daddal) —

Al jsa¥) (o Jl) ilug Ay Cigpenall 3585l D) Qs dlee Canaal 58 AgY)
e Al 51 Al B sl ) 35 O Sar A ) e bl el i () L pmiadl) (53 dagal
B Bgear Gohll (ggiee (I Gad LS 2 g iyl 830 A (JEa Jue o) @hall L algial) K1) 2ol
5S35, pmed) (53 sl 13g) el gl (6 8 Aaipall A Adles o s 2a ) Adlsde 05S
BaLS ,Asalis (558 s AnlSal o) Y1 LAY Gandl 4l ray (g3 35l Ciagdl b Gkl Byse s caind Aidee
iy L 231 A s, caalal) ) Cughilly () JS2) 25850 cilidpm 5015 ) 05 O el e S (558
Ly 135 el vie LacY)

i Al @l galsdl G an clile Slaball e pelld Gy g gensal) dpaa) ) bl s

Lleal) ailsall Gl€n lis daph aadid Slalall o2 daes o) KL sl e )] yualall cagl)
O) sl ehal [V LAl Slsed) i) aladiulS ddee Gyl o ,[6, 5] (Computational Fluid Dynamics)
Qi Glo cCasmdl oia e 3 Gatl (gaall sn sl Jemil sl i slady =) g8 Qe
Ay Lo clllia o2 Sl (o8 Julis Ll (g (ally Audlsgll clalsall lga dilial Ign sl [Koike et al [9ta)
& ddlias ciile) ddalgr cilalgn 1385 Jia g daeal ) juin iclaag Selvaraju et al [10] (e dadie dgalia
a1 iy Al S) s slanly Sl prans b Geentl) o) agall 505l S (g B e sl S

129


mailto:qaismatti2004@yahoo.com
mailto:mmud2014@yahoo.com

Balgial) Luslsaliall (godl Ao Slacd) (o g T Babj il

, DAY daladl Wb L[VY] dpaaill agindys A& Singh and Randhawa gLl WS Sl (g8 i 3 Jalsall aa
G5 Esane (se 00 Faaay 50L) O BHLEY) Cas Dlie L ASal Ao pus By b€ 15l S = (58 50L5 o) g
Ahmed and Murtaza auy sy km/hr Voo gkm/hr Ve ca el gyw die a6 slall A<5al) daglae

[12]

Gl 1a (A mSl 68 e 5igall Jalsall aa) Olyien Loy Bab)s Hlawd) JSE a5 Gl maall) (e

& ol e i gyw xie (Ride Height) )bl ssice (I Gt gl Gl g i)l juan 580 dulyy S

@& 1 dage LS Bl (o o dahaddl bl b el duhy & WS plad) aa o salgiall =Sl (58

DRl il el Jarall w868 5l I (s35 gAlly LSl B35ag dadie (b laaal) 3 Clos doles
Al g i) 5aL das el (gslall o) pnen o 505l (gl

shaadl gal) — ¥

shal elldg (YE/) sl (ubia) Oslla Hlacd jrian diages (Wind Tunnel) Jlss (38 aladia) o
AP Logcall (3 ol (e +(Y) IS Glarase Lagaladiad o 31 5lacd) dpasas el ) L Aueall ol
Gagd b i) (AH) Blall ssee gli)) 8 @l ANy (Poo Saeliall e P Salial) Tl (359)
0 (30 pe el Auhall da B asladiud 23 (M) a5l sa IS AH clld (Manometer) Licall (L3
oo o(F) JSall daagdl Llall 8 salgiall hagrall e (V) bal) gyl Huang (h) sl g Uiy s
A Cua (£) JAL magall (UT361 Anemometer) Lol sad (b dadlgy 48283 Byga gyl (ulid
B ol slad) (gl (e alially Cluldll Jiaed s U8 - datsal gise (e 1o Ganill diiall & Sleall Cuis
Slogll lasha e 85 (gl (e ol Gllhy dsllaal) Aladll depud) e Jpemnll 2ny Sleadl 1an gy gl
il Lilaa¥) Gylall ale VE 5 VY L aialy & gdllg mm Ve IS (gpeall gV L dagall e ddxial)
Minitab16.2.0.0 1 zli, ddaulsy Design of Experiments dyaill siead P (e duhall oda & spuals
Aady Byguan piliill mucagiy Jilail General Full Factorial Method Zalall 4lalall Julas 42k jladl &y
lealadind & ) bl maas (V) Js>= .Analysis of Variance (ANOVA) cplall Julas aladnily lliS
ST SRR I

ddBlially gulial) —v

Jeasall e Lgindas ol sl gyl 8 pially deaiieaal) gyl Cilite (B ) Aulaall 4 ghad)

(stagnation point) 15 ddaii b ajall (K .Y Jeas (B lihaadle (Kay Sl Jarall (34 duslaal) miluall
DAl b Ol dadiad wie L) ALEl byl LAl clsgll Jaghal dgalsdll daludl Jiu) b ok
S i G Al o3 8 Adadl L) a8l e o) (Saall (g il sae Cyels Minitab ) galiyy ddaudsy
o pe 9.6 4.8) ale 4 5 2 5aLyy disdl) Uil Bl Caw maaly LEG (1 -5) JSAN 8 dsagal)
salsiall =S (g e depull Baliys Lyl g i) 50l) 85 (520 Adpeal cplill lad shal 5 . (Ludad) Gubiial
Aad o ,zealgll (e Y Jpaad) o Ao e il Lolil) e el B0 A5)lke dua b Aal dal (g ) Ak b
i) Lea Jaagall g Uiyl 8aliyg Audadll eyl 8L i o JSI (level of marginal significance) P-value i

TV Jol il gylll smell . galell slaall gl gglell ((lgss ilaa
130



Balgial) Luslsaliall (godl Ao Slacd) (o g T Babj il

sda ddaadle Load (Sar .ilill dddige e e i) Jandl) Jiai lly (Significant Value) 0.05 oa
Cua (@ —5) J<al & oasall 85isall Jalsall (pu Interaction plot Jaliall delill J<& Pla (e gl
i) gl 8 Al Lagrall B e Al g ) 83l 5) depudl 80l 8l adliadl jlaaiV) saalie (e
Js& Contour plot 44Ul Laghadll J<4 5 (a —5) JS&I & maasall Main effect ai)ll figall <G o) S
131 shses pelal) S pgall B0 Lo s ) b Hdge Jlany 13 L Liad LD 1aa ) Dlay oheds (2 —5)
BHLEY) agall (e Balgiall U B8 ke e pa ) mdaw e Lgelin)) Bal) o) Hludl kil dejud) 5oy cuilS
Aiaidl b anals Al dilaidl b Bl pliy) JiB ) gag sl el Jebill alasiud Adee o )
e Blond) gl 5L3) Al a3 3 [13] dusSae (osSie duleadl (B ASoal) Jinad 5Ly sy uall)

o3 Sl 858 a5 o o) e (LY

Ne (0 5 €Y ,Y) Aaa Ll Ll Blul B (rise B 58 CIED 3mp are I il ol

Jildl (3 e Main effect Gai )l sl maags (1-9) 5 (1=A) (T =V) (1 —7)JKaY) . Jsall ¢ Ul 5205
i Jiagall gl il Ll Lalil) oda 2 Hlaeall 5o deyud saliy LG ) jalsll (e adld A L Lalal) o3a
ad o) Cua o E Joaall 8 dayadl P-values Jl ad e il sda il dgige ddaadle Sa Auedl 53 0K
gyl sl Lualh P-values 1l a8 Wl 0.05 oo Bl oo dpdadl) depud) 50y 5800 Ll P-value )
a0 e i ol cplaill (8 aadial Gl eadl gl USE duliadl o) L0.05 e 5S) Lgmaend Lagall

sl 13g] (5305 o (S i) o3 8, Ale Bypamng ,llily Gkl (s5e o 4cli)

Lovie . Jircall el 558 2050 Gadl) sl 58 5850 LS5l daska (o Tgicall (3 ) ke Bygumy
Chgrall Laial) dilate Bl (o £l Aidaial 8 Alg0 Cancal) Jaaall Aihie (6 oleY) ) A€l Gl
b bl [14] bacall 38 ezl @S o Agig Al olat Luuke §)pemn AR o AS5all Cnd 238
salie dlays lalidl) 3l 3 Awlaall Jgrall Wl (Aepudl 5 g i) 5al) cllall byl Alls & 35S0 daaie
) grall @l o) Y Sl 88 5l J8 dsd) ¢ W) Aai Hladl 8350 8 Laiaal) 3l Aol
JKaN) & Interaction plot Jaladll delill 86 4 miase LSy dadsall Ul 50b) case dgunse 8y
(27 s (@A) (=) (=)

i o (VKA Gans apdy ddind) 36il) (ads Lad Jlsell ) Jaly disall dal dlee )

OsS Levie s sl Cuen Sl g A ) @byl o) ) Zhang et al [13] Jd o 5lal) s Jial

Gl Jals HLaaYl el ASpaie dua gl pladial Gisg 438 S QS S g ) e £ 0 e JB A5 ¢ i)

LG lae @hat 4 ik 8 Cud) LApal) diu) dibide gl JEY Akl 0peS dlan) s Jsel

Joaill ALlally dad)ll dlgall (ams dilaal 8 A1 Gula e Hbad) Jaud elsed)l Ghsal JISAI aladl aalus Al

e gl Ally ad) (658 e Blacd) auen il salgaal) ddfsaliall (goall (ggiuse o Ladlan o (Saall (o dppall Ja)
L) 138 el b Alggudl ans 2 (s2lg Allal) duall 8 (goRll o3a Ay Jlaa) 5 i A L (g5 Ball

clalisngy) - ¢

5l A lgdle Jgaaal) & Al 2l macagig Jilad A Alled cuilS Slas) dadll 3yl alasiud o
G 83k A sas B iy deju 83l o) bl e Lo 824 5[5l LY e A g i)

TV Jol il gylll smell . galell slaall gl gglell ((lgss ilaa
131



Balgiall Llgalial) (el e Blad) o g ) Balyy i
e paY) Shsall Hiias oyen (Sl Blad) BRgag dadhe G Jariall (38 XSy (4N Aot 8) SIS Jasall
P=ll ad culS Cus 5aall sda & 50 82b) I (g5 depad) 501y o) bzl P e mSI (68 0L
Cun,daladl o e Leal JBY ()Y gsine e LSl ad g LYl sl o) V) .0.000 ) dssles values
AaSas cilyg pealy ol L (AaleYl) slsell dgalsall Gubidll ki 3 0.006 ) Lisbse P-value ) dag culs
GG 13 e Jalil) il e (A1 dilee Sleha) ani o) e V) e Hladl gu gl sl o) ol
gleall 23g) Conladl il Eghilly 35850 Sldpen o Jalil) I Aledl) 3 a5 Sl

JALAAS‘

1) D. Dhande and M. Bauskar, “Analysis of Aerodynamic Aspects of SUV by Analytical
and Experimental Method,” International Journal of Emerging Technology and
Advanced Engineering, vol. 3, no. 7, pp. 447451, 2013.

2) V. Barzanooni and A. B. Khoshnevis, “Experimental Study and wake Characteristics
Comparison of a Car Model in Steady and Unsteady Flow,” Int J Advanced Design and
Manufacturing Technology, vol. 8, no. 1, pp. 55-65, 2015.

3) A. Cieslinski, W. Prym, M. Stajuda, and D. Witkowski, “Investigation on Aerodynamics
of Super—Effective Car for Drag Reduction,” Mechanics and Mechanical Engineering,
vol. 20, no. 3, pp. 295-308, 2016.

4) S. Kumar and C.K. Umesh, “Analysis of External Aerodynamics of Sedan and Hatch
Back Car Models Having Same Frontal Area by Computational Method,” International
Journal of Research in Mechanical Engineering & Technology, vol. 6, no. 1, 2016.

5) R. B. Sharma and R. Bansal, “CFD Simulation for Flow over Passenger Car Using Tail
Plates for Aerodynamic Drag Reduction,” I0SR Journal of Mechanical and Civil
Engineering, vol. 7, no. 5, pp. 28-35, 2013.

6) N. Ashton, A. West, S. Lardeau, and A. Revell, “Assessment of RANS and DES
methods for realistic automotive models,” Computers and Fluids, vol. 128, pp. 1-15,
2016.

7) M. Desai, S. A. Channiwala, and H. J. Nagarsheth, “A comparative assessment of two
experimental methods for aerodynamic performance evaluation of a car,” Journal of
Scientific & Industrial Research, vol. 67, pp. 518-522, 2008.

8) S. Kumar and C. K. Umesh, “Analysis of External Aerodynamics of Sedan and Hatch
Back Car Models Having Same Frontal Area by Experimental Wind Tunnel Method,”
International Journal of Research in Mechanical Engineering & Technology, vol. 3, no.
4, pp. 812-816, 2015.

9) M. Koike, T. Nagayoshi, and N. Hamamoto, “Research on Aerodynamic Drag Reduction
by Vortex Generators,” Mitsubishi Motor Technical Papers, no. 16, pp. 11-16, 2004.

10) P. N. Selvaraju, K. M. Parammasivam, Shankar, and G. Devaradjane, “Analysis of Drag
and Lift Performance in Sedan Car Model Using CFD,” Journal of Chemical and
Pharmaceutical Sciences, no. special issue 7, pp. 429-435, 2015.

11) J. Singh and J. S. Randhawa, “CFD Analysis of Aerodynamic Drag Reduction of
Automobile Car - A Review,” International Journal of Science and Research, vol. 3, no.
6, pp. 213-215, 2014.

12) A. Ahmed and M. A. Murtaza, “CFD Analysis of Car Body Aerodynamics Including
Effect of Passive Flow Devices — A review,” International Journal of Research in
Engineering and Technology, vol. 5, no. 3, pp. 141-144, 2016.

13) X. Zhang, W. Toet, and J. Zerihan, “Ground Effect Aerodynamics of Race Cars,”
Applied Mechanics Reviews, vol. 59, pp. 33-49, 2006.

14) S. M. R. Hassan, T. Islam, M. Ali, and Q. Islam, “Numerical Study on Aerodynamic
Drag Reduction of Racing Cars,” Procedia Engineering, vol. 90, pp. 308-313, 2014.

TV Jol il gylll smell . galell slaall gl gglell ((lgss ilaa
132



Balgial) Luslaliall (gsdll Ao Blacd) (o g3y oLy Sl

0.3 | / 18
: g
025 Drap Coefficient, C [,//,'?:%_‘153
g % ///"ﬁ. o
§0.15 A///I --'£ g9 2
g e g
3 01 _.--'_..-"'""-'.’:,--"""r %
.---"'_".r.- 6 1%
005 3 é
S

o - 0

20 20 40 50 &0 0 80 g0
Level Highway Speed, MPH

7] =SV (58 5L aa 2 @ gl b ym 50L ) i (V) JSA)

-
-

i) daia (aysl
Bl Jarm b il () Jnaal) 8§ a8 A §

de gl (bt

el ool ¢l 2Y Gleasieaal) Jiasall 5 gl a1 o (Y) IS

TV Jo 32 gylll smmell  salell slaall g il gglell llsn ilaa
133



Balgial) Luslsaliall (godl Ao Slacd) (o g T Babj il

33 ol Bl Cpn o anll (B aadiiad) daygall anlads awe (T JSA
5 ped) (b ) OIS g i) ity il

o ll ) de 4l (e Slen oy (£) USA
ol sl Jals

aleal) G Jaall 8 galasind 2 Al Jal ) Gbae cpn (1) dsas

Levels
Factors -1 0 +1
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StdOrder RunOrder PtType Blocks h (mm) (iem/hr) AH1 AH2 AH3 AH4 AH5
5 1 1 1 12 75 -1 48 37 85 64
3 2 1 1 10 108 -1.1 10.1 6.8 16.5 12.3
8 3 1 1 14 75 -1.1 49 35 87 6.5
9 4 1 1 14 108 -1.5 94 7.4 16.3 13.5
6 5 1 1 12 108 -1.3 9.5 7.2 164 124
4 6 1 1 12 43 -0.6 1.2 0.8 22 1.7
1 7 1 1 10 43 -05 1.2 0.8 24 1.8
7 8 1 1 14 43 -0.7 1.2 0.8 22 1.6
2 9 1 1 10 75 -0.8 54 35 88 64

AH1 g ddaal) < Jildl laeca 3 8 ANOVA dha ¢ G,Lul\ Jadaill (V) I

Source DF SS MS F P
v (km/hr) 2 0.735556  0.367778  132.40 0.000
h (mm) 2 0.135556  0.067778 24.40 0.006
Error 4 0.011111  0.002778
Total 8 0.882222
S =0.05270 R-Sq =98.74% R-Sq(adj) = 97.48%
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AH2

AH3

AH4

AHS

Source DF SS MS F P

v(km/hr) 2 107.8470 53.9233  1244.38  0.000
h (mm) 2 0.3200 0.1600 3.690 0.123
v(km/hr) 2 60.4867 30.2433  907.30  0.000
h (mm) 2 0.0800 0.0400 1.20 0.391
v(km/hr) 2 300.5160 150.2580 24587.64 0.000
h (mm) 2 0.0690 0.0340 5.64 0.069
v(km/hr) 2 183.8290 91.9144 570.5 0.000
h (mm) 2 0.2690 0.1344 0.83 0.498
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Effect of Increasing Ride Height on The Generated Aero-
Dynamical Forces

Sadig Aziz Hussein * Adil Kadhim Mashaf?
! Lecturer, 2 Assistant Lecturer, Department of Technical Machinery and Equipment,
Technical Instructors Training Institute, Middle Technical University.

Abstract

In this study, the changing in ride height of the car, which is usually arbitrarily been
made, has been investigated. Many reasons could be achieved when ride has been increased,
but without consideration of the undesired outcomes such as the related aero-dynamical
forces effect. In this study, wind tunnel with fixed sedan car model was used. The model was
easily allowed changing of the ride height. A range of velocities had been used as well. The
General Full Factorial Method and Analysis of Variance were the convenient analytical tools
in this study. The results showed that the drag force increased when ride height increased,
especially, at the fronted point (stagnation point) which might increase fuel consumption and
related pollution.

Keywords: ride height, aero-dynamical forces, pressure differences, DOE, ANOVA.
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