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KANOGWAN VONGSALEE : DESIGN OF DRAG REDUCTION DEVICE
FOR INSTALLING ON INTERCITY BUS BODY. THESIS ADVISOR :

ASST. PROF. KEERATI SULUKSNA, Ph.D., 94 PP.

BUS/FLOW SIMULATION/ DRAG REDUCTION

The aerodynamic drag reduction is a major goal in automotive industries
because of its directly affect to fuel consumption and emission. Normally, drag is
directly relate to vehicle designed shape. In present, there are many studies on drag
reduction methods for various vehicle such as car, truck, and bus leading to obtaining
of concept and method to reducing the drag including various kind of aero parts.
However, for bus typical studies were focus on shape design to reduce drag, which have
limit for applying in Thailand industries because of their shape are specific for each bus
type. Therefore, changing bus shape has to be effect to production line. This research is
aims to study airflow behavior over Intercity bus body in order to reduce aerodynamic
drag by installing of vortex generators (VG). The study aims to find the optimum size
of VG by using CFD method with ANSYS Fluent 14.0. The results found that drag
coefficient of Intercity bus without VG is equal to 0.387.- After installing the VG with
the optimal size of 100 mm height, 220 mm length and 220 mm spacing at rear-end roof
position. It is found that drag is reduced by 8.53 percent which has results in 4.19 percent

reduction in fuel saving.
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Transition Very thin Wake
Laminar Turbulent laminar sub-layer
layer layer
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Average Fuel Economy of Major Vehicle Categories
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43.5
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HUVAA VG
Drag force (N)
Zone
Bus with VG Bus with VG

Front 320.580 319.652
Rear 463.416 376.612
Side 49.098 49.484
Top 103.678 92.584
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Underbody 94.476 96.322
Wheel 23.432 19.748
Total 1138.372 1030.506

*HUIBINE TOYALTIAIUUBITD IATEITAA VG 11AANge 110 Hadwns 817 220 Haamas

HAZTLHLHINTENIG VG 220 Haaas



78

< 1 @ a ¥ 1% 1
Gl?@ﬁgﬁﬁ]']ﬂﬂ?i%i 4.7 LlﬁﬂQiﬁlﬁl&??ﬂWﬂﬁaﬁﬂWiﬁﬂﬂﬁ VG Uuﬁﬁﬂﬂ1ﬁﬂiﬂﬂﬁ1§§$ﬁﬂ1ﬁ

A 9 1 Y d‘ o @ [ a 9 [ S 1 d' o W
W IdIHa IS INNTZMAUHAIA AL AIAIUHAITD IAga 15 UAIaAaaINLSINNTZINDY
a A [ 1 a A a 9 v Yy [ ' [
VIIUDU 9 VMY sZuaNIAY 1999100150 VG 13Uuﬁﬁﬂﬂ1ﬂ1uﬂﬁﬁiﬂ%”)ﬂﬂﬁﬂ

9
meﬂﬁiumi”lwammmmﬁmﬂﬁ'mwaqmmmu

45  nfSsumgumsidssudarinfuramas
'd
NHANITTIADINT 1MaVDI01MARIUID Tasa1TszrNudloanuNdulseansisa
Y (Y A I ] 4 1 I~} 9 ~
AMUVDITD 1ASATININY 0.387 1HoNADANIINANUFUWUTTEMINIANNS A UTIAIUN
o w 2 ) ) Y o q I Y ) )
n3zinNUT0 TAee TN IAIUIMALAZITIAIUMTHYUYDIaD 1R lauua Tduveussdu

A < ] 1 I [ t;l
NANULTIVNAN ) Al

5000

— = Rolling resistance

4000 F Aerodynamic drag

Total

Drag (N)

1000

0 20 40 60 80 100 120 140
Speed (km/h)

= Y ! A = < 1
jﬂ‘ﬂ 4.22 LLSWﬂu"U’t‘Nﬁﬂjﬂﬂfﬂﬁigﬁ’ﬂﬁmﬂﬁ‘ﬂﬂ’JﬁJLi’MN 9

P
go’ % A

o [ Qy A a 9 [ v Jo A U Y
MIMUINOATIN T T UU a0 UToINGS W'l]lﬂfﬂTﬂﬂ'J']ﬂJ?fiJWﬂ‘ﬁﬂ\?VlﬂﬁT'Jvl'J(lu

Y A

aunsi 2.31 asamulusasImsaunla 1

Y o A a A 4 A
DIV UIFDINAINAAAUUDLUIIATUDINIATITO
[ a d’ 9 d‘ 1 A = a [
duszansusamuvessa laea1anad Woso lagd1sseuuloslnig 20,000 nlansu uaz

o A Ao <
alsou il Imeasuaacluasan 4.8



79

{ ' { o ! 9 [ o (% Qy g Y 4 a
A1519% 4.8 MAsnAulsang il ﬁ"lﬁﬁﬂﬂ'll!’]ﬂ!’é]ﬂﬂﬂ']ﬁﬁutﬂﬁEJQUWNHL%@LWQQ‘ll@QiQIﬂﬂﬁ"li

m (kg) f g (mss) | P (kg/ m’) | A (m") | v (m/s) C,, Cp, a
20,000 0.006 9.81 1.225 9.74 22.22 0.387 0.354 0
A A o a £ Y Y
e  f Ae dudsz@nusedumsvyuvesdovesso laods

A a Q( 9 1 A d' a
C,, o dulszandussmuernmiavessalagassennaio lufa VG

I'd ]
JLANTUTIAIUDINIAVDITD IR I TerNUleInGa VG

O
S
b
@
=
e

'
S

) o a 9/@ 1 L < § a '
MUV UNTAT0 TABAITTEHI 09N IIAI8ANGIAIN 80 N TaINATHD
& dy [ Y] g‘/ @ P 9 [ Y Y A
F TIUUNUTEAU AIUUFINITOAATUMTNIUNDNEIVDINVUTIATUNIT UL AN NN BYDON
Y A A v ) vy 13 A ¥y
18 mderiewssd o ImAaz LTI IUMIHUYeIdo 1 ULAz 903U 4.22 naasldiun
A 3 a D Y £ £ o
1157 80 A Tamasas? Tue HSIAIUMIHYUUDIADLAZLIIANIUDINIAYDITO IAsa 15 NA
IndiAeanu Faussdrumsvyuvesdoeliauniny 1,177.20 i1du uazussdiue1meiiauminy
A o [ a Y a o A A I S I 4
1,139.89 198U 718KHAINITAA VG LIIAIUDINIAAADY 97.2 HIAU Hiseaailu 8.53 1esidua
d‘ ) 2 Qy = g [ a" a 1 % Qy A 9°/ Y Ay a
WweriulInens M saudasidu¥Fomainuoandulassindusenasanad 4.19
S I d A A a3 a 1 a A = @ 9 @ Qy A %’ o
edigud vsonau 2.74 ansas 100 N lawasiomeunudoyasniimsaulaesinguy
Y ' Y
1FOINAINABYDIT0 1ATAITIINTOYAVIIAUITOYAIFOINAINAUNY NTENTHNNAIY
Y] a 1 1 1w g a 1T A
A1330103 N (AFDC, 2014) MIAUNIND 3.6 luaasunaaoy (1.53 N 1auAIAAATHID 65.36
ansae 100 N lawAs)
gNAI001UTUTD IABE1TTENIUNDIVOIUTHN UATHE 21 1dUN nFunna-1a31%
1az TATIH-NFUNNA 5282019 250 A latuas T1UIU 44 N8R0 TU IHBAIUINEATING
Qy A ?:' 9] dy a 9 a LY Qy A %’ Y] J A
gunlaeuintudemaslaslsduuagiunoanaunassiniuvesio lagaiseni1ales
Y A 1T Aa Qy %’ o ¥ a { a
MDY 1.53 A latuasaeans seaulaeainduidemaanedas 163.40 ans ¥INAI18159
o % ] dy a 9 J I o %} L) dy A Aq Y a [ ~
Usgndariniudemadld 4.19 nlosidud smaniniuyemasnldizanad 6.85 ansaome
A a T W A a T Yy a d a ) 1A Yy a
130 301.24 aA5A0IU 130 109,953.30 a5l AAJURUIIUIN 2,879,676 U IMABTL (91984

9 v
51N UAYa B IUN 9 fNA1AN 2560 anIaL 26.19 UIN)



a
Unn s

asdnuidanazdoraueniz

o A a a o A 4 o v A ?zl.l
mssdudunuluineniinusiseamsosnuuuginisiaausidiueIMAd M UAAAILY
o 1 A = s A ) a 9
a1arn Taassernaiied Idngszasdmerinuenganssums nauasus i uvee 1N
A o w A 4 Y A o a A o W
nnsznuse lasas tazmeesnuuuginssiaaussdiueimana o lUaamuuudan
snlagas e laelidesdaulasginsevesio erdomaiindaudiond Tasszibouisdsung
4 1 [ ° X U o s
Auiilos sounuuuutiaesms nauilu SST k — @ Arewenldias ANSYS Fluent 14.0 910
= 1 Y A o w 1 A 1 1A Y [
MIANEINDINIINUNNTSINNDTD 1Aga13581 NN IdIU N ABLIIAIUANNAY LD g
a A a Y [ A A a 9 o [ g‘; 9 = 1 9 A
Usnainausdunsziuniiganeiiniukasa lasasasiumsaausaddganiulya
VSNWURIYT0 LAZWDIIN1TANA Vortex generators A1U1TDAAUTIAIUDINIANNTZHINVTD
1 A Y = a o dy ] Y o g o Ay a
Taga1sszrinuiodla waninmsanyetazsrelnlsendaiiugomasvessn lagdrs

FEUINI09 HAZFITAANANIZNINDIMNA 1A

51 asdwamsivy

9
U

1 A A = a 4 9 = Y a QJ 9

5.1.1 ifﬂﬂﬂﬁ”ﬁig‘H’JNUJ’E)\‘lﬂhlililﬂﬁﬁﬂ@\‘]?;lﬂﬂiﬂ!aﬂllﬁﬂ@nu Imaudszansusaau

A 0.387
& 1 v A ) Y )

5.1.2 L3J861ﬂ1ﬁul1’iﬁw1u‘iﬂiﬂﬂﬁ1i ﬂ1ﬂ1ﬁﬁ]$ﬂ$‘ﬂ$ﬂUW?Wu1LLﬁZﬂ§$i}ﬂ@1uWu1ii‘l

1 I v W o Y a = @ a dg! 1 9 @
Iﬂﬂﬁ1iﬂ@ulﬂu’ﬂ‘uﬂﬂlﬁﬂ V]Wiﬂlﬂﬂﬂinmﬂ%\iﬂulﬁﬁﬂl@\iﬂ1ﬁlﬂﬂﬂlu ﬁﬁNaiﬂﬂ’NNﬂufﬂﬂWﬁ o

' ' v
@Wb’%iﬂulﬂﬁﬁﬂTg\?’Qfmﬁmﬂ‘(’J“]Jﬂ’]J’]JiL'Jﬂ!S‘L! 9 "U@Q‘ii‘li@ﬂﬁ1i iﬂﬂ‘uuﬂigllﬁfl1ﬂ1ﬁﬂ$aﬂﬁﬂﬂ@ﬂ
A a9 Yo y 9 o v ¢ A4 & X A
"lwa"lﬂmmwummuuu ATUAN LAZATUVNUDIAIAITOAIIAITNULIININUUU LUDDINTA
o £ J AA o o 1 o @
“]JZ“I/IZﬂ“]J“]f‘L!ﬁju%ﬂﬁiﬂﬂguﬂﬂﬂu1ﬂ1ﬂﬁW]’Jii‘l LBU ﬂ’i$%ﬂ3J'éNGIBI}N W%E]Q’]Jﬂimaﬂﬂ’ﬂuﬂuﬁllﬁ)\i
9 = A 1 [ A a A ~ 9 dal a 1% a
waﬂ@ﬂmsmm@guuwmm W‘i@’ﬂ‘il’)ﬂ‘lﬁl@ 9 mﬂmﬂaﬂuizﬂmmwum AITUAUUTLIU
o =] A X A a o = 1A A a ¥ A A
ANNATINISINNUU éumz‘wmnmwadmTmmiG]Num@u”lmmmﬁ'lﬁamnmuu LY INIAN
9 < a g Y ' Y 9 9 a 9 9
"l,wamsm’nmi’smﬂmmuuu ATUAN L!ﬁ%ﬂﬂﬁﬂx‘liﬂIﬂﬂﬁ1iul°ﬁﬁwuﬁ]1ﬂw’3‘ﬂ1fliﬂiﬂEl’c’ﬂillﬁ’)
A A Aa a aa Yo o =3 9 9 9 o Y
@1ﬂ1ﬁﬂlﬂﬂlﬂﬁ@uﬂ%’@N’Jiﬂiﬂﬂﬁ1i%$ullmwﬁclﬂﬁllwﬁ @1ﬂ1ﬁﬁ]\1ul°ﬁaN?HLGIHNTV]NTHEHQTHGI,W
< o

a @ 1 A 1% a 4 1
Lﬂﬂﬂ13Wﬁilﬂuizﬁ]”lx‘ljllmQam@\?@"lﬂ"lﬂﬂflﬁlulﬁfquiﬂ‘]Ji’)”Iﬂ"IﬁiN‘WaQiﬂ LﬂﬂL‘]JuGIf'JQﬂTivl‘Via

1A ES 3 ° a ] ] a
WHH?H%HT@iﬁ@UiL?mHH @”|mﬂﬁﬂ:mJLiamuazﬁ%ﬂmqmsllwallmmuau UILIU



81

o 1 =K A v 3 o ; U [ [ Y A =\ 9y
AINAINUANNAWTUAY (ANVAUMNTIANUAUDITEINA) M IRl uNNLTIRATI85D
[ I~ { 4 ] 1 [
Tagarsog duduiiurveaussa1uuesn laga151H0991NANULANAIITEHITADINAY
Muntaza1undsa lagas FanInfadaaIUVIUTIAIUNNTLIIN VAN 9] ¥DI5D
[ 1 Ay A Aa 9 o & o v A A A 1% a I
Taga1sudamua wurInlussnunsginludadiuuininganoiinasso aau 40.67
I I J Y A o ¥ o w 1 a A Ao Y A o
WosiFua voIusInIUeIMANNTZINNUAIAITE IAgE1T IURIDU 9 AT IULTIAIUNNTZIN
v oa & o A yw 9 cd ¢ w a e &
AUAMTUAIT M UNUITD 28.24 10T IFUA HaIAALHIVI9TD 13.47 1loTi¥ua nszan 7.25
< < d 9 1 1 S I 4
WoFigua arudouazsI9a1 10.36 Wosigua
P ) A o a & o ' A A v
5.1.3 gUnTalaaus I U IMANIIIAAAINUTD 1Aga15 I HINULBUNDAALTIA Y
v Y
p1MAA0 VG JUnseenumasy 1982 Tunuivuuns 1vaveae1n1el (zero yaw angle) AAn

' A { a g ° ' {q ¥ a A 9
ﬂ@uuiljmﬁﬂ’lﬂ’lﬁlﬂﬂﬂ’ljvlwallﬂﬂ%u Gnl,muﬂu’d3"IJ‘Ll1@ﬁ1ﬂﬂi$ﬁﬂ‘ﬁﬂ1wiuﬂﬁamﬁ\‘IGI1“Ll

Yt A a o Y Y o '
E]'Iﬂ1ﬁhlﬂ€]ﬁ’gjﬂﬁ@ﬂinmﬂu1ﬁﬁﬂﬂ1ﬂ1u%1ﬂiﬂiﬂElﬁh' Nﬁiﬂﬂﬂﬁiﬂﬁ’ﬂ\iﬂﬁ]‘lWaWU’ﬂﬁHﬂiﬂﬁﬂ

9 [
a (4 =

Y 9 3}/ 1 s 2 s A = (Y] a a =
uimmaﬂﬂmgm 2-8.6 L“IJ’E]S!,"‘]S‘L!G] oMY VG mumummmqa (h) tmNY 110 YaaLUN T

¥ v

v
1w v a A a ] ' ] o '
MINUANNGIVOIFUTARIVDIOINA AAAIAIYTZEZHIIA 9 N uT1IuMIveInNg e
2 ' 1 ' A ' & ' o R ] '
A 119104 2.5 1M1 Taeiuszezienseay 0.25 1M1 tazliuanuennvesgnsaiaua 1
1 A g ' 1 o ' a ¥ o 1 '
Taude 2.5 1 Taeiiunseaz 0.25 MUY 1An15ANAIQUNTBIAI85 2oz HIIAD UMV
A A 3 '
ANGA (s = 2h) A0 220 VAGAWAT HAZVUIAANINEID (1) Y9I VG 111 2 1M1v9n1Nga (220
[ '

Haawas) IMdszaniamlumsaaussduonsldanga Tasaunsnaadulsz@nsussdiu

A = J 3 s A o [ a &
91MAYDIITD IABA1591N 0.387 A91HAD 0.354 Faanad 8.53 1lesidud ieiisnunouana

o { o o 2 o 4 a J 3 I a
gUnsal Faussdunanasihldaadsasimsaudldoniniusemaslaacld 4.19 nlosidud fa
I a [ a A = 9 an 9 %’ @ 9
i1 2.74 Aasae 100 A Tawas iWeosudeyaarnadans lhiuuessa Tasasnndeyaves
Federal Highway Administration 995 §11ana19d% 55014501 3 A.#. 2014 9521719051
Qa' A 9o’ Ly d' = LY Al A a T A
Aunlaeniniumasvedsa laga1suAMMnAY 3.6 ludaounaaouso 1.53 flawainoans
a a3 a 1 a a 1 Aa o o

vsonallu 65.36 An5A0 100 0 lans MINNITWIT0 TAGAITIZHINLOUBILTHNUATHY
v a ' A % Ao
M5 1IJUNINFUNNa-1051% 182 TATIF-NFUNWA 5282119 250 N lamasAoined Falisiuiu

H 1 [ % % [} ¥ a a 1 [ a L=
44 Mee U zasalsendatiniuwomadld 301.24 305 UKo 109,953.30 AnTA0Y)

1 A ao’ v A a v d'
ﬂ@lﬂdJ‘L!Nu 2,879,676 101 MUV UALEAINTAL 26.19 VN U IUN 9 GGRIREY 2560)

v
5.2 UDAUDUUHY
@ ¥ A 2 o o a & o w oA
5.2.1 Q‘]Jﬂimaﬂllﬁ\‘]ﬁ”lu‘ﬂ@ﬂﬂl!‘]J”]JuLWiJ"IZﬁ”IWTU@]ﬂ@]\‘]ﬂua"m?ﬁﬂIﬂﬂﬁ"ﬁﬁ%ﬁ’ﬂ\‘]m@\‘]

9 [ A A o a gz = a Z}_, '
ﬁ”lﬁiﬂiﬂﬂiSLﬂ%@u‘ﬂﬁlzu”lllﬂ@]ﬂﬁﬂﬂfﬁﬂﬂy”ILL’GS@]@@N@EJNLWZJ"IS?T?J



82

4 Y H 1 v
5.2.2 TuauAeiin1AAAY VG iyu 0 o9mMuuIunuian1en1sinaouivedso
9 [
iy dawaldaiuisoaanssdinldlusedunils msdiuyuves vGervaewaln
anuemninlumsaaussduermeanlasu lu14
Y
5.2.3 M3AA VG 1a19d 1119919 328aa1s 11401019 launtiu 8197nsAnEIN1g
9 '
ARAY VG Naedmiesauny
A A o a & o < ~ dy
5.2.4 JUns s uiasNYed VG Nnmsaaaiuudiansa laemsiluiiesgUnsanugiu
v 2 o Yy o Y A3 an 2 2 A Y 1
Wy anseliuginsaves v ldianusudeunsedluauiiamniuvwie lvdinane
a A 1 A a a Y Y
WYANTIUMS Iavesenieiie lvar1u VG tiulsganinmlumsaaussdueimalaa
L X
e
o R K A 1
5.2.5 mamiladudessuniulumseenuuuszeziued VG
9 1

5.2.6 M300NLUY VG dmiuaaniuudalso laedisseninudlosimang dud s
o Y9y o ] o 19y a 1 o w ' A
Wldaron1381a09n15 Inariu VG uuuds lidesaadsuudidise lasaisneuiendu

S ° A Y A Y K 1 o ' A
mmiwmmﬁnammﬂwa ma”lmummwuwamzmmﬂam)wammi”lwamumi%mw

fa VG ao



318N1591999

NTUMTVUEINNUN. NBIWUIIY NGUADAMIVUEL. (2557). adamsvuasiszirlnsanadi 2
Yavilszana 2557 (nsau-dnaw 2557). (.10

= =1 a d a 4 3‘; ~ a o 4
5ITYND ’Gj]iimﬂiz‘ﬂﬂ. (2559). IAINIINYIUGUA. NUNATIN 15. NIUNW: INYNAU.

v
Y a ' o

v a J v a o d [
Yyiny maaursdivd. ulil) arszind  Inenmanslundadam : er9ilszvdaiingdu.

U

[aau“la 1?]. “ﬁiﬂ: https://www.mtec.or.th/academic-services/mtec-knowledge/80-

Us1Tund vz In uaz dwus 255 laniad. (2555). sufisvIB@siaavluanudainisa.
furindad s. AFUNNA: dniniiuiiiagmasnssinmineias.

Mszwad Aadana, (2548). ﬂqyf]mi"lﬁa%umammﬂ [ooula]. fAul:
http://www.me.psu.ac.th/~tekasakul/216342/Chapter%205.pdf

qmﬁﬂﬁ Aanasaa. (2552). 1ole:Tnsan3306d 4,000 S PUANNIMIMYVBIQATIHNT TN
Wansavaves Ing [aau"laﬁ]. ﬁifl: https://www.manager.co.th/Daily/ViewNews.asxp?
NewsID=9520000066988

Ahmed, S. R., Ramm, G., and Faltin, G. (1984). Some Salient Features of the Time- Averaged
Ground Vehicle Wake. Automobile Aerodynamics: Wakes, wind effect, vehicle
development (pp 1-31). Society of Automotive Engineering.

Ahmed, S. R., et al. (1998). Aerodynamic of Road Vehicle: from fluid mechanics to vehicle
engineering.

Barnard, R. H. (1996). Road Vehicle Aerodynamic Design. England: Longman.

Beaudoin, J. F., and Aider, J. L. (2008). Drag and lift reduction of a 3D bluff body using flaps.
Experiments in Fluids. 44:491-501

Bhave, A., and Taherian, H. (2014). Aerodynamics of Intercity Bus and its Impact on CO2
Reductions. In Proceedings of the 14th Annual Early Career Technical Conference (pp
165-172). Birmingham, USA: The University of Alabama.

Bosch. (2011). Automotive Handbook. Wiley

Guilmineau, E. (2007). Computational Study of Flow around a Simplified Car Body. Journal of

Wind Engineering and Industrial Aerodynamics. 96 (6-7): 1207-1217.



84

Hilliard, J. C. and Springer, G. S. (1984). Fuel Economy: In Road Vehicles Powered by Spark
Ignition Engines. US: Springer.

Hoffmann, F. et al. (2015). Drag reduction using Base Flaps Combined with Vortex Generators
and Fluidic Oscillators on a Bluff Body. United States: SAE International.

Hucho, W. H. (1993). Aerodynamic of Road Vehicle. Vol.25: 485-537.

Huminic, A., and Huminic, G. (2009). CFD Investigation of an Open- Wheel Race Car. In
Proceedings of the 4th European Automotive Simulation Conference 2009. Munich,
Germany: ANSYS.

Katz, J. and Morey, F. (2008). Aerodynamics of Large-Scale Vortex Generator in Ground Effect.
Journal of Fluids Engineering. 130

Khalingi, B., et al. (2001). Experimental and Computational Study of Unsteady Wake Flow
Behind a Bluff Body with Drag Reduction Device. SAE Technical Paper.

Koike, M., Nagayoshi, T., and Namamoto, N. (2004). Research on Aerodynamic Drag Reduction
by Vortex Generators. Mitsubishi Motors Technical Review. 41(16): 11-16.

Lancer, W. R., Ross, J., and Kaufman, A. E. (1991). Aerodynamic Performance of a Drag
Reduction Device on a Full -Scale Tractor/ Trailer. Aerospace Technology Conference
and Exposition. SAE Technical Paper.

Lanfrit, M. (2005). Best practice guidelines for handling Automotive External Aerodynamics
with FLUENT. Germany. (Unpublished manuscript).

Lav, C., (2013). Three Dimensional CFD Analysis on Aerodynamic Drag Reduction of a Bluff
Tractor Trailer Body using Vortex Generators. United States: SAE International.

Lienhart, H., Stoots, C., and Becker, S. (2000). Flow and Turbulence Structures in the Wake of a
Simplified Car Model (Ahmed model). New Results in Numerical and Experimental
Fluid Mechanies II1. 77: 323-330.

Lucas, G. G. (1986). Road Vehicle Performance: Methods of Measurement and Calculation.
Gordon and Breach Science Publisher

Muthuvel, A., et al. (2013). Aerodynamic Exterior Body Design of Bus. International Journal of
Scientific & Engineering Research 4(7): 2453-2457.

Mohamed, E. A., Radhwi, M. N., and AbdelGawad, A. F. (2015). Aerodynamic Characteristics

and Drag Reduction of Buses. M.S. thesis, Umm Al-Qura University, Saudi Arabia.



85

Pamoti, R. M. and Chetan, R. (2012). External Aerodynamics of Truck with Roof Fairing to
Reduce Drag Force. India: HTC Technical paper.

Patten, J., McAuliffe B., Mayda, W., and Tanguay, B. (2012). Review of Aerodynamic Drag
Reduction Devices for Heavy Trucks and Buses. Ottawa, Canada: National Research
Council Canada.

Raveendran, A., Rakesh, D. and Sridhara, S. N. (2009). Exterior Styling of an Intercity Transport
Bus for Improved Aerodynamic Performance. SASTECH. 8(2): 9-16.

U.S. Department of Energy. Alternative Fuels Data Center. (2014). Average Annual Fuel Use of
Major Vehicle Categories [Online]. Available from: https://www.afdc.energy.gov/data
/10310

Vinodhini, P. J., Samuvel, T. J. and Raj, G. S. (2016). Numerical Analysis of Drag Reduction
Method Using Vortex Generator on Symmetric Aerofoil. International Journal of

Engineering Trends and Technology (IJETT). 35: 33-36.



NNANUIN D

a d' Yo aAa J \ v =R
mnm1amNw1m571"!91sumsﬂwuwmmm{lmz‘ﬁ’mﬂﬂm



&7

d‘ d' Y a A d 1 v =
‘518]‘lff’]‘lJTlﬂ’ﬂN?’lulﬂTlJﬂ1‘§ﬂWNW!Nﬂ!!W§1H§$ﬁ?1Qﬂﬂ‘]sﬂ

a @ t4

4 o a
AUNITIN ’Nﬁﬁ"]a, ﬁﬁ@l gany (2557). ﬂ1§7|TL!1FJ°W€|VIﬂ’iﬁ»lfﬂi"l‘ﬁﬁ!!ﬁ%!!i@ﬁ]uﬂli’)@ﬂ1ﬂ1ﬂ

o v d a ] a 4 ]
amsusosualagas. M35z nINgAT e wIRINT NN 0InaurIlszma ng

Y v
A399 28 (ME-NETT) 15-17 9a1A 2557 9. 90ULNY



88

magrinmaeietimnmaionauislszndlng aif 28 (TE & NETT28
CST-36 15-17 @IAN 2557 Saniazenurin

N3VIUD quaﬂiiu n'ﬁ1ﬂauﬁ:lﬁd é‘hwuaamnma‘m%’mnﬂum‘fﬂﬂmi

Prediction of Airflow Behavior and Drag Force on the Bus Bodies

a o

3 a - 3
NUNAIIH WARA UAZ NIA FAaNWH *

q

TunimimnIniaiamna dinimimnrumand sninoavinaluladgaud
111 DA INEAD a.§7w3 a.ilad 9.uATTEN 30000
* BLud: keerati@sut.ac.th, InsAwyi: 044-224410, Invans: 044-224613

unanga
a v oA Y e o a rA1 «
wodnssums mauazussdudaidulasuimdgannmiamanamansiltlunseanuuumueus
2 00 B, o a v a . a o P " o ¢ a
Tutaguin laswanneimnssudsjaniumseanuuuiinelifaussduiasfian esztiodszndasiiii
& a o o % a % o % o o
daAsnud undmwinisdaslasanianuminzaudmugunssvesusudisanuuy Taovaly
mﬁmsw:ﬁusm"mu"n'lﬁﬁ'un'naanuumnuuﬁﬁm’auqﬂﬂa awnsziasnouafilglumautituduaanang 2
' o , o 1 o [ a ' ac &
agwlsfiony wihimmnusgiliwumaihaindsuldiunseanuuysasudlasmsainaiugyssm missids
a2 a . a . o o = a
suladinwmndinssumsinavasermearusnlassliueima 3u Intercity Bus finwiia 80 Alawas/
o & o & o &
T7lu3 (ANUFIENAMY WIL.9319In9un e, 2522) lasldwenduas ANSYS Fluent 14.0 unwiugIn
milnsuuurnuSounazms mauuudutu wansssestisliignlangdnssuniswazese mauazuss
@ a o & . & a a & d4 a o o &
duninszvnusn laswuhusadewiufgegaifaduiuinmuaudumizesn ussdunuiinaziny
- a & a o a o o . e & o a
snfluwie 882,628 fadu Aaiduduilszinfussdmrini 0613 uaninidiwumsfanszuanyuwIuza
d e o ac & q o 0 o @, &
amafdwhen kansissisansoihldsuldiunsesnuugunsssalasmslifanauminzaniu
A v o f o ¥ oo & a W w &
wagasaaussdwh lugnatsndaisiugeamisldunndu
AMan: IDUUALABRT, MINRBINTIAR, WTIEH, MTIna

Abstract

Flow behavior and drag force are important in aerodynamic and used in automotive design. In
engineering we focus on design for minimum drag to help saving fuel when drive. Then drag force is
exactly related to automotive design optimization. Drag force analysis usually use to design private car as
well as racing car, however as | know no one use this analysis with bus. This research study about
external flow through Intercity Bus at 80 km/hr. (limit from TRAFFIC ACT, B.E. 2522 (1979)) use ANSYS
Fluent 14.0 based on laminar and turbulence flow. Results help understand flow behavior and drag force
acts on bus body, maximum shear force is on front edge of bus body, total drag is 882.628 N, drag
coefficient (Cg4) is 0.613 In addition found circulation flow at rear. These results can improve bus body
design to decrease drag force lead to save fuel.

Keyword: Bus, Flow simulation, Drag force, Flowing
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