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CFD Analysis of Drag Force on leading Cab of Tilting Train
with 180km/h Service Speed
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ABSTRACT

The optimal design for a leading car considering the aerodynamic resistance is required on the
high-speed train due to increasing of ratio of drag force with proportion for the square of velocity. The
aerodynamic analysis using CFD in the stage of concept design offers more economical analysis method
which is used to estimate the influence of flow and pressure around the leading car than the
experimental method using the Mock-up. In this study, we want to assist the artistic design with
aerodynamics analysis in order to get the optimal design for leading car with the operation speed at
180km/h. The results of aerodynamic analysis for two leading car models which one is expressed with
lineal beauty and the other is with curvaceous beauty are compared with each other and they offer the
proposal of modification for two models in order to decrease the drag force. The shape of curvaceous
model is better for the pressure force but slightly worse for the viscous force than the other. The
Fluent software is used for the calculation of flow profile in this study.

1. A&

A SHEY dols D2t JYS A st A spR Aol FatH e 2 e F
et AxbAE(train resistance)oletn vk XA A EAe el wek SEA
F, 7MEAY, FRATGoR a3 FFY LPAX dt FHAY, PAY agn Eibéxif%}
o2 Rt FPAYTFT T7IALL a9 143 wE FAHE FEOEA BT B4
o 2k AR FAdel ot A A F Ut FUAGE AT FYT —er F7
2 o} #AM Y] ol HAA HE AezA FA AFREA sl ngEy F7]
of ogh A, dat FFH LA AYH AFee o4 11%&, A AR TN TA
He F7GF(vortex)d] ¥ AF, daEE FRIBolY dixt REeA ddsHE ALY &
A W sy ntEdAE T8 EFE + Utk

T7IAGL dAe] FFAE FHINY 2o ATl Hade APerA IVNAZAFE A
FRdE AgAFd Bdvia A, 2AF dEAY do] T AU BF e B
Aol g4, 9EA, dFA AFg, e AR di, A2 A 2 JlF 27 Sl o 2
Ak 2ol B4E FHAY FolA F7|AF0] AAEE vFo] AXY webr n&IatgM =
FNAGE Fol7] AT diAo] wi Fasich FVAGE FaAI] AW TUIGEAA A
g} &

Hgel ALY B0l Basu AFYY L AY1Y) §Y Yol FE TP oY 9

« FRARVISATY, NISHEVENIARIE, AT, v
oo RRAEVEATY, VIEAEVEANIAAE, FAITY, A Y
woox FRALVIEATY, VISHEV I REAIRI D, dAATR, ALY

- 351 -



3 V£ 8 B3 Aetste] FldEst B 2R FANGE BaAA} B
Az BAAY FAA A ATHG Frige] BAHE YART Aold] o) BAYE
wa te gxtel guel am} AF2e Fulge slsteta Wate) 27 4%51‘4 w2} A

¥ Y4e fURNIT BAAS a St Aol Fasith £W DA AT slsherd
Age— A9 YHAT B oI 2 A% 94, 93 A9 ‘é?‘}'é‘, Qs @A
YHUE Sl 9 FoE T/AYGNHoR I} ATHE AAYHOZ HART ANFoE

AN AFEIE FE 4% Hagstoof @t
¥ A7 F94 180kmhF €9 ALY AR PP O FUASHA 99y e
-3 h=h _%

o 7
W3yl AP A2E ATHLA Yoh 29 12 22 UY Ao AT Y4 2Yg oS
2 itk 9W ARl AR gAo2A Add H Yadd WY FANNS Ba 2 I
o dg B BAHE AN ST Yostel moh AAe) ke YAde A

g 2 £A& T3 Slth Numerical simulationd ©] &3 AFFHe {FFANE AF HA @A
A APs7] AE AEH FALEE dAEd R AEA SEFH 4HEEE Folde
2R AdAc) i FAAEGE A F £ gen, g EHAA dojd o7 o s
FT71G98AA A g AT v Hrt F 5 YA @k B FAITFAAE CFD #oklA &
< HA5E 59 AL AAYL = softwared] Fluent version 618 AME3te f5& A
i skt

2% L EREAFTTXY 455 34 dael A2¢t =4

2. Governing Equations® A A XA
£ d7dAe 180km/hd HE AFol AHMZY AEAE FYA FAFFY F
Ao g profiled FoIW7l AN ALEHE A A E ol Zo] Y & Ut
Continuity Equation

S teun=0 v
}
Momentum Conservation Equations
_ ap 0 du; auj
at(pu)-*- (pu uj;)= ax.+3x5( axj+ axi)+pgi+Fi 2)

2 dTE %—3“*'1 AFER YAHE GHA BAL /AT on, G| ¥ e} 37|
QA Fage HAAAE du Fog ouA WA g AR AR 42 F
t}. ©ht Reynolds number®] Z7t2 sl 459 dfFol oA LA 4¥H e FEF}
918t g8 AdFE IE5WAY, Navier-Stokes BA A3} 37 Ui AL ALE3T
FAHH o2 EEF modeld AHEEHA gt AY Fie AL dEd £F FHE A9
A A AAAH] WE ¥ o B olglgol Utk wEtx dFel o3 uA

s

e ruim

=2
i

1]

3

-352-



s gEo] £z Fujd v dTdE /MR xd dRELE £

59 £x& At o8 HFY Y PTFoE R AF B
u=u+u (3)

o2 Ugd # 3ot AEAHEY A7k o] 0zt AL 045 E5H wAY dYsd

At B3, Reynolds stress¥  —po u;u;0) AAEH, o] YHol st Bass 3P0

24 & el A A-AEF modelingg F3le] )4 stojorgal

Turbulence model2 Reynolds stress& Mean velocity ] W& %o vl dctn 71384

—puiu,= ,,l( aij"‘bx—’i) 2 ox 8y @)

o2 Yehte, ol UF BAAS wE 0T go| Beag

2
_P_e&z_ 5)

FRdz Zo] o] 3+ k-¢ two equation turbulent model € Reynolds stress7} H# &%
T-dfel] ®]e|§clE Boussinesq approximation® o] £¥o] RE utdke] t)sle] S ZolE z
9 7HAe 712 % model2 t&3 o] EAYE F gtk

Turbulence Kinetic Energy

He=

at(,o;c)+ (pxu) —"i—;[(ﬂﬁ- #‘)aa; ]+ P,— (6)

Dissipation Rate

Ftea+ 5o toeun =53 (ur 44 )FE | £CCu P Ceo) @
where |

DR N
o] WA Mo Yo+ Z closure coefficients® 0:=1.0, 0:=1.3, Ce1=1.44, Ce2=1.92, C,=0.0982 F o}
Aot

B d7adMe Adgg FAds far field AZP[E FAod, &% 759 inlet zonedl &
velocity inlet 2238 F3th Flow7} Add9 e WA UstE outlet zoned) = pressure outlet 73
AZAE Fon, e AFHE 2 A4 EHE no slip condition® 7FA £ stationary wall®
AZsrdvh £ ground® A Ye AFd dWAM 2AF APEz= R KFH A &
ZolE moving wall2 MIHUTH £ F59 L¥o] AFe Heo] WgH} FPdto AFe] F
AMo2RE %9 §Fo] symmetric 322 ZAHL symmetric boundary® A Aste] ¥
gHE o] o8 {F5 & ANt 4902 HdAsA

oA o 48 AFHA AVNIA 25Kl ATE YAl d@ vl LA B
BT 3798 M02 GAAY g8 FYAYE BA AD F dE AFE ¥ 4G 4
4Y Yycrol 180kmhF BAY ATREAY HAWAE FEEH SA FA9%HA 59
el goldHd 2R NAse] ngshed Atk ek 2700l el s F5F B

ZZ 3 numerical schemeS A}&3}4 o),

-353 -



AFe] Hole A#FWES D = 145mel WA 33D sy ew ANGH Avie Eelst
21D, £& 24D 183 Zolw 49Delth. wetM Aol HAY RS inlet boundary7tAl e A&
16DE 3] 2ol @ S5FE A} far fields inletl Mg £EFulol AL vNA ¥g
AEE FEE Agg Fradd AFY widd groundd 3E 03mel®  AAAIH
modeling®] A7ZHE ZA3E7] 98 Ui 2AEF 283 dY59 modelinge Aekst gt

ag 2 AFF A 147 299 train® groud®] EE mesh

Boundary ¢ X3 faceol: triangular shape mesh& Al&3dHos, WP AXIRFd =
unstructured tetrahedral ZA2 TASAT FHAPoE FHE AFHE AT Al A e
AA A cell = oF 506007, node FE£ oF 1040002 zx MY A2Le] dsixs o
50800701 cell# <k 10600070l nodeZ +A38td F 7He] <ol i3l w3 v Az,E fF
APt 28 2& 727 @A FE AFE HAAA Alg AM2ke] G FAH train W}
groundel #AlE face meshd BoF3 Ul

3. Numerical Scheme

Pressure interpolation schemeol wWhalME F2 low speed flowdl A 437t g3 BA=Z
AR S B&387]) 98t standard pressure interpolation schemes AH&3HX| % body force”}
£ 729 strongly swirling flow 28 2 high Reynolds number convection®] 7%l 3he] A&
Aol dojRE EAE Iz Utk old EAd diside tE digtez FHA e cellsy
pressure BFHCE AA BN pressure2 A4HEE linear scheme™ second order &4 &
ZHAEEZH EY ASY HS Qo AT unstructured grid £ 27| AGA N AL 2
A7} Q& second-order schemeo] AFEE 1 Ut EF buoyancy$ axisymmetric calculationol
AH& 7R = body force weighted scheme 18] 3 quadrangle® hexahedron shape meshell tof
3l wo] Al25+= PRESTO (PREssure STaggering Option) scheme©] $1th.

Pressure-velocity coupling algorithm & continuity equation2 2% ¥] pressure®] #3% equation
£ fE3e wygoes F2 SIMPLE, SIMPLEC 21383 PISO (Pressure-Implicit with Splitting
of Operators)E Al&3tx vl 9714 SIMPLE algorithme guess H©13 pressure value& A}
£3}d Momentum equation® o £=& T3 ¥, continuity equation® F3] mass fluxE 7l
Abste] Al71E QXS pressured] correction #2E ¥ pressure valued updatedtE W oZ
V4 e oz AgHR gt SIMPLEC$ PISO= SIMPLE algorithmst #& HdE JHA 3
o ©x £ £55 Zr}3l7] 993t pressure-correction equation® FAH 3 Al&3HE
Aol

2 dFoHdE  discretization equation®]l a4 nonlinear differential equation& finite

volume methodE A £3 ¢ linear algebraic equation®. & W38l 2™, momentum equation®]

-354 -



;e 73171 Y3lA  Second order upwind scheme& =3t} pressure interpolation scheme
o274 oM ddF3Fstandard schemeg I3 pressure-velocity coupling algorithm2 2=
SIMPLEE At&3tdth. 7 7FA19] 2 g4 di&iA 25 5Ye schemed AMEFT)

4. Analysis of Results
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5. conclusion
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