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Abstract

The three-dimensional unsteady compressible Euler equation solver with ALE, CFD code, PAM-
FLOW based on FEM method has been applied to analyze the flow field around the high speed
train which is entering into a channel. From the present study, the pressure and flow transients
were calculated and analyzed. The generation of compression wave was observed ahead of train
and the high pressure in the gap between the train and the tunnel was also found due to the
blockage effects. It was found that abrupt fluctuation in pressure exists in the region from train
nose to shoulder of train corresponding to 10% of total length of train during tunnel entry.
Computed time history of aerodynamic forces of train during tunnel entry show that drag
coefficient rapidly rises and saturates at about non-dimensional time 0.31. The total increase of
drag coefficient before and after tunnel entry is about 1.1%. Transient profile of lift force shows
similar pattern to drag coefficient except abrupt drop after saturation and lift force in the tunnel
increases 0.08% more than that before tunnel entry.

1. A g ol FHAAT Sk FFAA P d

TGVE A% L&A £EE A& 300km

Aol H&Ert wat 025914 03¢ gt ©lF LI o] F ] E mAS 1 o]l
237452 $YHE I&AP 4R Fyp Wl AFHEH o FEE & 25%01%

* SN 45Tt
*x st AAREAAL
£k % ZFAREUG 7 A

(596)



of sFetE SRE o A I&H2E A% F
71983 el EAMAEC dFHA Ak Es T
E B L 1%%%% Eg &5}
350km/hr(Ma =0. Mo A

i
3
=
2

> B

RS
- w59 *J‘%*ZIE%? S44 WA (437km) 9]
44%9) sF3te T 75708l Brdol AAH
of erg AHe HY Y nE 1719155}
A BAS TV FFEH EA WAl AN
olth, olEly ALHHH F A 7]%
AT ARFE] A=Y AABHE FA87]
3 9xoR2e {&L 7|Fste FAHER
A J1EE BfE7] st 71l
7kslgich HE el a7t A 99,
A9 A BAE it HEUT F4
717 & H0 ¢F57r 4P olH @ 45
de BHY 248 ¥ doEA =5 HEY
EFoAE BAFRA EALSA Bd o] A%
de Ede SRwAbetA FA T dR =
v 719k} (impulsive wave) 2 EeE EXFH
o) rEFHE Hoj B sixz AssA &
oo W #HAE FAHA A& (impulsive

noise) & Aol i A = JgS v A

okl W@ Mz Mt do rlo

[=] =
ok, gubmoz gtEute APErE B0
H oEHY HE JdPstes L] SEE S5

9
/3904 1740 ARHEE B W] BHY &
e wAtE B gsst dFzvE e B3
b el Bk oW £ g Astel FHeN s
A OF4T 4F WSt B Wl 2ASH
Hu gae] ged AL 4AY 44 FNE
) A webd @3 9 e 741011/\1
S SEdgel BE Age v 3
Aol Stk B N2
Aol TATHHA BAES A%
#asol 38 Be
3 otk Aol AP sEHQ
3857 s e A FNAFoE
FHOAL A0 T AT g v
SAHE EuEelG HaETold WA
74 282 2% HY WE AssE 45
o m4s R sl o %3 Hd
QoA FATEel 4FA Do) Aok w

e rl
i
-hl 1:
o2, o
_O'L
rie
me

‘_,

oX

Sl mA

rir

G BY FANNE A7 93

g BAA FYPE gREE A7FELS HY
Wel st&ate] AFE oldlEil ol A

AFOEN gEFolY FAL 4w AW
ER37] % Aok AF7kA oleh @Y
Hol FE AFAFE 27hA HWFE BFY
2 glxd A WAE THAAS ATR A
2 el YFFYYOCE FANH RN
Zote] wAFAY F£AHE stete] EdoAe
G A A7HE Eole Wylolw F WA= H
g Tl FEE AAse BHE W g7 A
oAl 9 (wave front) 9] PAL HEA Y=
otk o 18y oleidt AFEL RRE =4
FARE o] &F dAY HHel gAY
229 BY HAE o) &F 433 A7 AR
wolold AAAA AFF # B A+ 3%
47 HE g7 WY FEdske Axg ¢

&}
(Computational Fluid Dynamics: _-3
YHFED 59 EAFL JAT ol FAHA L A
g7t 7hgste xEAHg e HLo] BrlA H
gt Fo] Avk wEtA 90t FHtES] = W
9802 HY 4 FAoly BFR FAtol H
2 e e Al vlRlE G
T7F FHHAA SO0 53] T%
d g F3A G EE A AL
oldel & FddAM wAE:=

Z, freatEl o s FALY wWEol AA
ol 2g3te] A E A FHAS 9A F
FLICIE B R = uﬂ—?— = x o)
th. T3 300km/h © A
100Hz ©)3&toflA] ZHAgo] 4 Hl)
BZ B2 79 F ¥dste 253 HE 294
TRE FF5EY R TEHATY AEE @

7 Ewm e S

;
o
o
o2
B
(o] i’ﬂ

2

o o %om 3.

o Eﬁﬂma— A

1499 SAe e AATAGA Lolrp 33}
449 B FEAM BT FFA

L
| WE SR gxolk AAEU ¢
o] 7] wEeldh

@ o
% 28 ASA/0 g



94 HEARRE SR, $268 F55%, 2002

JEy oleld MEAR RE HY 59,

A A8 FHAY Tl #¥ CFD siA E‘Z‘]?:]
AAE Mopstm HE F3 A FAT &%
3 GHESE AT FAH A AR As
o GAZAT HdA &2 HAoY Ha BAA
A A L AA ZFEA NEHART )

HeA B GTAAE BY 9 F dojupi
LEAEY FHAA T B A 74 AT A
9B 554 24987 959 @A @
S8 I15F=S FAE HE A7 FRYEAE
Ad BE# TGV-K$ 418 AFE Fis
AY E9E e E FF24WE AHEsS 3
g dEAY fFAAE FREIAH AL
Ade FF LEFHY AT 49 FH5
| 71Z2A8 8 AF3tLA Tt

2. SR|aHA
2.1 X|UHHHEA)

2 d7oME HE e {52 334 o4H

ARrELE 28t 454 Euler U34S
ALE(Arbitrary Lagrangian- Eulerian) ¢ 7]

Zogos TRt olelsh 2ol & & ok

u+v - F—-F)= —uv - w+ts (1)
7] A

p vy—wyp 0
u=|pvi |\ F; =| (y—wpvi+p; | Fy = §

pe (vi—wjpe-+-vip Vi kT
o]l ¢,

P P Tk e v, w, o5 22 9%, §+E,
L, EAE AF FFNUA, x, BFA
A R oA £ T¥Z FPLHUAME
mEe AR st £ R YA ge
3g 9@

B oq_?o]]/q_‘—_ ;H/x-l

b o Horpo

T

Sel(Fy=0) 434 29

2 A 4 (compressible
Euler equation) 2. 2 14 3}¢c}) &

Aol 7

(598)

3
=
o o
ol o
> 8

— (- Vple—wwl T = Vefe—3 vyl

FA 2} EAR o] Rl Aag oA g v
4 EAE AN A E EA FH R 4
A7b HHAHOE A O|EE o} gt F Al
w#A 9 ARFEA ZFo] FAHFOZ o] Fof
Aok 3tr o] & 9)3le 2 ﬂ‘LoﬂH—t— ALE 3z
E ARt A 2E R AuA 2 o) F7b
ARde FF2LAHE } }%10134 NR3d E
g2z Alstol = Roed] 32 Ao] 287 H0E
AR F7F AR ARTE golE WEleR
FEHTE 94t 8l Van Albada A §4998 A}
g3ttt A7 AEH 2 Z & Runge-Kutta 34
# (explicit) A1 7+ AR RO A &3 HR oy
CFL=0.25°2.2 A 4ta il

et Ze AE A B A7 E A8 F
F A Z2 199 PAM-FLOWYE AM&38} gt

A RgR M9 HAAAE S FEEAAE
P F I AHAE 2/ ZALE AL A oA v
A A AARE FFo] 270 AAF AThr}
e A7) FEEEE FHo)7] A3 E
Ao st Bld 2 A 2 g e
vl F 2+ Z A (sliding boundary condition)& & &
o, Axd g AA e A $E
Z #H(far-field boundary condition)2 2 £ 3}
AdRGe gAE T YrizAe R oy 9}
Zol AFejginro

V¢ = Vi3 P=Po

p=p, + (Pu—pc 3)

Vo, = Vo + (peo—p(pc)

St ne 217 GATED SRS e
Yo, e &4, Tel3 v 629 g ofu @,

=



Fat Fieid
8o

Turingt

Fig.1 Initial tunnel imbedding.

Fig.1o) A 22719 BE 2 €219 9A
g BA s AT

dz19 FPEEE vha<S 0.25(300km/h),
Re=2.1x1070| ™ &ld Yol A 15m(E=}Z o]
0.214)) G A ol MFEE & He]7] A2 E
2o vy dxigoly Fare) vRiA L 7.135m 0
7 Z2Iu(VH)E 26.73¢1 2 Bld 3 I xp742] A 4
H] = 0.12¢)t}. o} 719t 100kPa, ¥ == 1.2kg/m?,
B Gu] =142 A 2eAh

a8

FAXTF

2.3 ALt 2y

By 242 Aastr] gsiAls $4 CAD b o]
2 wolA #A TEe AXARFH BHAZ]

W A} 7} 9 A(surface triangulation)E & A Al
E AR 27 R BEY AFAYE F
F s A o] AAZAEL AT A
A2 A7 9 FAAE YT of
A4 Qe BRAAELAS o getel A
3k 9 4 7 AH(volumetric finite element mesh)
3 A s}7] ¢33t Front-Advancing scheme™”
125l AR EXE AE7] A3
A~ a}ol(source line) 2 Ao} & & A slA A}
St 2719 Asd el datd ARE A
A o w38 E A akA o (background grid
contro) S AlL3le] ZAe 27 9 EEE AA

g5 o, S8 22dg S EAR At

=~

W gaolE BA 9o YW A4 £EE A
£ 4 Qo 2 ATel MR 1SR BY #F

Aol AlSE AASE F 716,6997 | ). Fig.2
o MRARA AR Aol & ANEELE AT
EE et o] I o2 EH HE HE

=
=)
date 2R 2§ FAd FAHAR AAE ¥

95

(b) 0.7 sec (a) 0.43 sec
Fig.2 Computational mesh distribution in the

whole domain by transient re-meshing.

¢

7}?‘*’“5101 glchr] ]?ﬂ
ZoE FA XL AUt
B oAFdgaE AR B
o FsE KT WA Al
A B E FeAch oldd FA4
Zalod AHArel 99 ol B $1A
el -?rEC’ﬂ

AAEEE

[

_>‘.1_/‘

N

o
-

A AT |
4N e

z K oof w
A

o

2l °:‘@1°ﬂ EHSM 7—%2}2 A

FEhed Ykoh @Ape] o] F3
of ALERR 2 AHgstgdth o
Z9ol= AR HE Y (grid distortion)o] Lo}
=g olgl 3 AAe zt A|ZaA viok AAlsto A
A% & o] gL Mgt HAAE AHE st R
Z 2} A A A (local remeshing)e E3le] A2 &
AAZ A Y=ot dutA oz daty AFRE
o & B3 408 %Agﬂcﬂ ;217] o Bo &%

r_BLo

0|

Azre) AA4A Fof vl AL E 2 Lohner™e] &
HREE o) &3t 2L AA% H @A A
2} Atel 9] o] Ko 7kof 9fste] A A ej Xt Fig 39
H) Ak A A Abel Al o] Gape] Al @E ol F
Ael(m) 2 F3 &% (m/s)S Vel Tk

B o] AA2 HP 700 workstationol| A <=

(599)



96 AN RS e EE, H26% M5, 2002

Body_Translation Velocity

T T

100 RN S

: Running Speed j

80

Mg

40

TIME
Fig.3 Temporal moving distance and running
speed of train

P o ABA A G A 12417 30% 153
7 2sEgloy v BEFY o= 994
728 317} 2299

A7 S Hol £ AN AEE =
239 2 $A710e) ASABES A7 9
stel 7129 AFHOIHME gtk 4G e
242 Figdo] Uebd 215 o] 458 o) A%y

A EAA 7L B A A 106m/se] SER

oz

WH3tE ZAbslE Aotk o8 FAH o g B A
7} $3te] R o) thA & e st Fig.59h 7o)
A5 FgstRrh s H S el 2 b
ot Tt

Aot ddZ %ol B E Fig.6el et
Wtk 28N ERo N ZAs 482749
Z dAy LS B F Atk 2YY AdEgAs
7F A AR W19y ot sle sy
o= gt uj g FFo] Holx &Ed o= A
MY T 482N A= AFAH Wi
o2 AzEolAch oo el A4 4y ofF
4 o) 3} A ] (filtering prosess)E 8}x] 9k t7] o)
Foll HANA AFdYe] YEIYZ &S &
Ak 28y s ddE BHd 1Y A9 EAl
ol Aol GHRTE FHHOE F el F:
Beg A & § Atk oluf d, Vipuine 2H2h A}

Aol A% S=E der e te AN A

oy

rd

3 BAAZL HY Qo] 2F AT Aol B
vpepdl o,

B ATANE o d B 22 ZRIY o
2 Abgstel Aol B WA w4
R EEER RS EEERE P
Aragon ofsh e AU 3
e B QY A B HE AR
1)) AR HRHE G5

qetgich Ba WE T4 LA

W
oy
Mo Rl

)
o=

ol
—

i

HICNC )
D

ox N
[ex
Yl

o o ™=
fu o
N
_)'.1_:‘

2 o
& o
oft

huj

bt

)
-4
=
i

S

(f w2 1o o ol I

2
S 1’
n‘\]—&
& L

fee
o
x M
BHTI
H
mlem
s
R )
o =
g
®
o &
> R
b =
B 5

[
A 1

Fig.5 Computational grid for 3D train-tunnel val-
idation simulation.q

(600)



EPAAUA MY FESdel 2

s
2,
M
to,

TR Ogus Bge] AFE EAE Sof FHo
2 7h&Eol HAULE AL ¥ + Utk HYS
Fo 5 da AT AN AAA SE B
WE BAL & Qon ol dxe) TR o
4, @A BHane Aqu), FAEE JEL
Wit

Fig8t Aol e SHHHEES 2 29 A

B R =AEE oW Ao TR Aol A
28 geel A B AdFA EEEe Ak
0.46secolth. Z& M d o) B o] YT W {5
W3 E AR, Mo gy o ZANA EE

30

25

Non-dimensional time (=2V, _t/d)

Fig.6 Comparison between experiment{17] and Com-
putational results of pressure at nose tip.

(b) 0.95 sec (a) 0.7sec

9.708570e+01
8.9667072:01
8.2248432+01
7.48297%2+01
[
5
5

LF41115e+01
.59925%e+01
4057600401

Fig.7 Instantaneous velocity vectors and con-
tours generated during tunnel entry.

oly

G5l oA

ol

rw

FARNE AT

i
of

97

W78 FFated ol mat A e ¢hEol
MM F7hE 2 lew Eavt Ede e ILH
Fd 3 gd g ge R B e #A7F

o7 W $r2 mAYstY 3l5E Fig8a)ol
By ek AFo] Bl d7o] RF3d
(Fig.8(b)) AT 22 @A4foll st AE HFH
el BAH 59 %}QA TAE 5ol vdeds

|

g% 5 vk ol F VAL IR g F
Ae Z7he) Yeloz zgaty dxpe] At 1
A e gelo) gEAE AL A S

2 4otk me €39 HEe ddadz o
st} date] wWhE R AdReA AFE shoul-
der Atole] izt B de] WrAbololE WS &
EE - P R A %l%% E 4 9k 1

=

o} 2=
S

A

e
o

o
2

o

_l
2
2
L
oz
_o‘g

AT BN 3013
Ao MFHAM FHA & o F
317 El‘-ﬁ °l 2 & ¢=ke) A 5ol
o FEHFE AstA HFAA ol
datng s A1 Ashdot. o
Al oleiet B Wi o e AF s
Z 2 8 th Fig.8(c),(d)N M & 4+ = A
Aol A%sHE &

o
ol o

o o o oo

o r‘o

e
o o orr i

oE.
ok

oot 2

e

foox o &ow
2

X R

=EER)

2
nt
e o e

_()L

do
oy
LY

_|J

r
2
)
L
)

N
o
® OB oY 1E 1o oY e © 1o 3 4o M o 4o ooy o ki

S

f

rB

2

rr

=2

1

“

)

oft

2

o o

&
Mol px

o4 -
ne B e
-

L
2 o
g

=

L)

@x®

e

2

Ry

e

tlo 4

A

2 wl

ooz pR o X 2 o
)
3
rq
S
i1
oX
Mz
s
td
1o
e £
g T

4y R oy
riu

=
2
L
L m o
N FfF yo &
H £

rir
n:g
i)
M
5]
c L
N
rlo
Og=(4

b
bt
i

A% ¥R E Yl A
shoulder°ﬂ Ao} 7h&gdd, 18y

gA2
EE

A F 5

(601)



98 HEN MBI ERE, $26% $ 59, 2002

(a) t= 0.4421 sec

1 D192550.05
1.610783eviis

(b) t= 0.5935 sec

(c) t= 0.7373 sec

(d) t= 0.854 sec

Fig.8 Temporal variation of instantaneous pressure(Pa) contour generated during tunnel entry.
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(b) Train in far field

(a) Train in tunnel entry
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Fig.9 Comparison of pressure(Pa) distribution
on the surface of train in tunnel entry and
far field.
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