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Substructure flow analysis and experiments of high speed
train for researching the mechanism of ballast dispersion
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Abstract

The Korean high speed train is designed to run at very high speed such as 350km/h. At
this time, ballast in roadbed is dispersed by high speed air flow and this hits the substructure
of the train. It becomes the factor of damaging the train. To investigate the main factor and
possibility of ballast dispersion, the substructure flow is measured by Kiel-Probe Array
System at G7 train experiment. And the wind tunnel experiment is performed with ballast in
our research. Also CFD analysis is performed by assﬁming that the flow field is 2D and
using simple shaped cross-tie and flat substructure of the train. By comparing the
experimental results and CFD analysis, the accuracy of the analysis is checked. They will
become the basic research data for the analysis and optimization of train substructure to
prevent the ballast dispersion.
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AA A stRoA BAHRE AFS A7 A FANE FEASAN2YE AL
Aok B AJ2"E Kiel-Probe Array System3} Multi-channel Pressure Scanning Syétem&i +
Aol g, I {F4£FAE probers FFY WFo] dAE FHov AlE7}53H, probe
7t 5% AEHA ¥ e 59 AUESTIt old probe WEe &% AJEue] FAHE
o} melA, 93 %Y FEAE {59 Wgo gy Wisies FdE 59 WY AP
glo] 59 458 34 F Ut FuE ol gl wnt.

& dAFdA e Kiel-ProbeE 014389 #f%59 AAF4EE 3 += UE2 At £ Kiel
ProbeE MXH 712, A2 BHFog FF3o Arrays FAFLZHN XA 35 FF5F s
o f& B ol 71E, M WP gE F49 EEAX S ¢ U=E A9 ol ¥4
Z45Ee 224U 48 VAL ASE HEdy] A d8 Ady 4EE A oo AE
& 4 = Multi-channel Pressure Scanning System< ©]-&3l o},
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AR F53e EZAS AY A A 24 Uy 2 A A Fae AF1E
A HE~OA AYTR T LFTEHE $F9 4 500m EFTHY T AAE APLmA
(KP 109km) B4 €(KP 108.871km)ol A ¢ 250m EoAA Yoz edd o §5% IAHE
Aol e AAE g3 AAsH AFAAE T2H2RZY) & FE T4 A Tem AF 09,
2, 33 ¥WFez F /i ProbeE HAsHTh EF F 430 A APE FHHALH, of
o 7]&%E 29T, 7142 101.85kPa, =€ 456% At Ztzte] Ade s XA FFE 4
g 24¢ % 19 YeEtRAS.

X1 AAHTFE ANdzd

AEds A% WwE | FHE=kmh) | FH A (sec)
1 G7 NAXF | A4Y 170 2.1
2 G7 NAAF | 39 230 2.05
3 G7 NAAF | 49 300 1.57
4 GT AAXZ | 39 250 1.89

23 49 &3 23

2 Aol ALY AASAR F5F AFAN2EE o183 F4¢ AAHE 39 19 e
o aglA A% ATHA AZPAE EXY AE Osecolth. SEo DA AFARE @
A7t Enee AFRE 40 343 FhE, A AT ARG WAA f50) FANG
7 Aoz Fadt AF B A PEFHE% ALEEE E 2 dshiRh FYSE
W0km/md F4 AAEH F HEAEL Bms, DTS E Bm/sol o=k
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a9 1. GT AAERY $xd¥ FAY §53

¥ 2. .93 ¥4 A AAA¢+F A525%

ok ki K2 AXH{ % (m/s) & % (m/s)
1 24.05 20.07
2 33.12 2597
3 35.20 28.83
4 26.30 20.98

3. AZ 79 e )& 4 49
31 A7 #9 BF

Y 4¥e T FAL AR FRAAY &= GFAA AT nAd A7 E HEGIA FF
d¥& dAsAT. ol& A3 24 ZR1LEE B =Xd AZL o 10009 A HH3HA
ol & 330708 Az iz AFe FAT AFE AL EAIACIE] o W T FAL A
type2 AT FE, B typed WF |, C type® T2 74 FHE 3o EFFAT o1 FA
EFE A ddtd 3G FYE2 WFEF 5& Asd ¥ 3% 2o

# 3 MEAZ] P4 ¥F € 2F 54

Type A A 9 B &9 C €4

A 330 (100%) | 53 (16%) | 131 (40%) | 146 (44%)
B A F(g) 875 729 824 974
EEUA(g) 440 49.2 48 419

oY #¥ ¥ BF FAE o 7 F¥E AWHAL SAE A¥RI] A FEud
AZE ¥ FTEE 247 AR £HYE BE3AAU o] W AFe FYEE 37HA, a8
0ol X 200g7tA] AFEZ 50g¥ 471A9 FHLE EFHst F 127HA 2ol di¢ FF5 4¥E
T3ttt EF AFEL T FZo] HEF 192 Fol A2 4] UEF 39 F7]
FE0l Ztztel @2l WA P} WA EEE & F UAES FAT A A8 FFEL A
£dga 7NAFI IR TP oHE FTT22AM APFE Arle 1.35m(W) x0.95m(H) X
2m(L)ol®, A fr&L oF 50my/solH.
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4 2 2 f4e 2A%E 1Y A @A A5l WS FSE ¢ 4 Atk =¥ A
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NE&EFAT ZF R FRAAM I FEol AFA FHHEAE ustnat 4

ARE-3E Xk A A2 2D Navier-Stokes’ Equation o]-83d g ed, ngEAd 452 7145ty
AYS FRAT. BT 250, 300, 350km/hel A 7HA] ExE e date #HAS FIPsAT. o]
% 300kmvhQ A9 #9499 W CpRE 2 Velocity 2FE 1% 4 2 59 2o

Cp
0.0232766 814228
Y 0.0192135 M 776684
0.0151505
0.0110874
0.00702441
0.00296137

-0.0173538
-0.0214168
0.0254799
-0.0205420

-0.0539211

00579842 £.3352
-0.0620472 258082
-0.0661103

a9 4. Cp ¥ ¥(300km/h) ¥ 5. Velocity ¥ ¥(300km/h)

-1.17356

29 4olA S QEE RE vy gty o] A4rlm, AE A REAME AYY 49
°] AL FAY F Ut o o ciritel s AdlAHA Hu G HA 4HE B 49 2o}
2Pl 300km/he] A$ XF s Y WFy BlFH HE FR(AE 2LEF)AAE oA
A= oF 153pa BEo ¢HE oA Atk ek o] BRI e AP AF R {5 I
Ao 134 w4 Al g8 4 uadd F e 98 ¢S ¢ A B8 12 63" 2go] o] RE
o &% A%, 2 FAFA &7 AedHd o4 A A sHol 4F R FTHE A A
T2 aag & Aok

a9 59 #4 dxe o] WFoge] £5 vE Zo] Hgo e & ud HH o}F ululs
71 BE) velocity profiles E@E) QoA ute £E profile2 ER3Y &0z F 3]

G 3, B 93 2ol A2 A kYot AF o7lm HY ¢ vk T
A2 Aol A2 U L MY FE) E7] AE 2 AFANE B R FRANY 59
AL SYAAT. A% SEPE YT 9 PR 4% 2 129 BE FIL E 59 2o
E4 ALY 2 2R 49 ES5 35 4049 45 2 $¢
Ax&E |250kmyh | 300km/h | 350kmy/h GR&% |250knyh |300km/h | 350km/h
_;f]_ﬁ—‘i'— (pa) -51 -57 -83 % (m/s) 9.7 12.0 142
A (pa) 73 96 126 3 %(pa) 56.5 86.4 121

ol W Az WFL HF 2.5~2.65g/cndl7l WEA FA 005mY FH AZL NRE F
+ Az FAe WF 163g~173g AZ7E ol FHA M 011~024N9 & TA Ao
Az FolRATE 02 AEE 7S oF 56~123gA =] AZo] E3Zd + At WM I
Zlol vl 7bRAY FAC HH o i gl Ye ABEL FEI AL F U ®
T A o E€80 AL BF EEEA JH U0 BAFLEA IF AdHE AZo]
228 £ Je TLL TE F A oJFAM HE A e AHLS FHAl I8 =1 A
$3Y £ Ax 9 Adely JEd RHRA HA 2 FAZF A & o

olg} #Al FAHAM FLoE BEAZ FFEAYAM Aol o]FAAUD 25~3Bm/se FE
o] AF e EAUG WY 9 Dot HdA @EYE o= AR 247 YA
2 23t MY Ao E HAY FF 54 o= FE WEER ASE & F UH €4 §
F 72E P4 R 23 $& ¥ FL oS Y A 7% 5A4E A4 £ den 4
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Zo] o3¢ g9 QMR AHAY & JE 2HE 22 & UEE € T AW
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