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A study on the empirical formula of tunnel compression wave generated by a high-

speed train
eyt qeE”

Dong-Hyeon Kimt, Yong-Cheol Seo™

Abstract When a high-speed train enters a tunnel, pressure rise occur due to air compressed as a piston
effect in the tunnel and a compression wave generated with the effect is propagated to the tunnel exit as
nearly the speed of sound. This compression wave will be distorted and attenuated by heat transfer and
viscous effect in tunnel. The compression wave generated by train entry in tunnel have been predicted by
using the method of one-dimensional inviscid analysis but its magnitude is lower than results of the field test
conducted by various trains, entry speeds and cross-sectional areas of tunnels. This study suggests empirical
formula predicting the compression wave by applying the viscous effect of turbulent boundary layer on the
train surface when the train enters the tunnel. The empirical formula presented in this study is validated from
full scaled field-test for various conditions of train nose shapes, cross-sectional areas of the tunnels and train
entering speeds from low speed to high speed.

Keywords : Tunnel, Field test, Compression wave, Aerodynamics, High-speed railway
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Fig. 1 turbulent boundary layer generated on the train surface Fig. 2 First pressure wave by train entry in a tunnel
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Table 1 Specification for tunnels
Tunnels Length Cross sectional area Track spacing
Noryeong 1 590m 63.5m? 4.3m
Noryeong 2 2,300m 61.3m? 4.3m
Sangbong 2 720m 107m? 5.0m
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Fig. 3 Trains studied for the aerodynamic field tests in tunnels
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9)9‘:‘“' Table 3 Specification for measurement point of tunnels (unit : m)
Preseuze # \
Transducer Tunnels a b c d e a’ b’ X R
- Noryeongl | 068 | 1.5 | 215|215 | 14 | 28 | 49 | 86 | 4.9
o T T
‘:"{'{"\’«"’\"\K'f\"\"\i\\\\ Noryeong2 | 0.68 | 15 | 203 | 215 | 1.28 | 3.0 | 47 | 835 | 47
c a !
X * Sangbong2 | 067 | 1.0 | 418 | 25 | 278 | 20 | 7.1 | 134 | 7.1

Fia. 4 Measurement points in tunnels
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Table. 4 Ambient conditions in the tunnel

Tunnel Temperature (°C) Relative Humidity (%) Atmospheric Pressure (kPa)
Noryeong 1 30 63 101.6
Noryeong 2 29 68 101.3
Sangbong 2 20.9 82.3 101.0

Table. 5 Speeds and specifications of trains passing through the Noryeong 1 and 2 Tunnels

No. Nose Shape Train Length Passage Speed Density, p | Sound speed, C | Blockage Ratio,
NR1-1 streamlined 192m 118km/h 1.1648 350m/s 0.157
NR1-2 very blunt 192m 98km/h 1.1648 350m/s 0.184
NR1-3 very blunt 170m 114km/h 1.1648 350m/s 0.184
NR1-4 very blunt 206m 113km/h 1.1648 350m/s 0.184
NR2-1 very blunt 170m 81km/h 1.1648 349.4m/s 0.19
NR2-2 very blunt 279m 96km/h 1.1648 349.4m/s 0.19
NR2-3 very blunt 170m 79km/h 1.1648 349.4m/s 0.19
NR2-4 very blunt 192m 83km/h 1.1648 349.4m/s 0.19
NR2-5 streamlined 189m 83km/h 1.1648 349.4m/s 0.163
NR2-6 streamlined 189m 98km/h 1.1648 349.4m/s 0.163

Table. 6 Speeds and specifications of trains passing through the Sangbong 2 Tunnel

No Nose Shape Train Length Passage Speed Density, p | Sound speed, C | Blockage Ratio, S
G7-1 well-streamlined 131m 154km/h 1.2 344.7mls 0.09
G7-2 well-streamlined 131m 153km/h 1.2 344.7mls 0.09
G7-3 well-streamlined 131m 89km/h 1.2 344.7mls 0.09
KTX-1 well-streamlined 388m 297km/h 1.2 344.7mls 0.091
KTX-2 well-streamlined 388m 298km/h 1.2 344.7mls 0.091
KTX-3 well-streamlined 388m 300km/h 1.2 344.7mls 0.091
KTX-4 well-streamlined 388m 298km/h 1.2 344.7mls 0.091
KTX-5 well-streamlined 388m 148km/h 1.2 344.7mls 0.091

2.3 H|HH2 HY g ¢Fa

A7k HUgTol YT W A GEe Ao AFR P, €Y AYEE, 2
on Aol Bue] ] =, wage] oEss Aoz dud gom, Fig 204 €
duiel gEgE Ap, = T Zol EA® 4 olvhg]



M)

1-(1-p)°

2

L A-v oW C+-p)]

yol 4

_1
2

Ap,,

d4r

Eld

p

5= [m/s],

il

A4V, :

ol
H

] 373
H] 1ol A Fig. 4¢ll A ¢} o]

o[

mﬂ
N

ol

(=]
[Te}
» (y2]
c
2
< o
/@U p=3
o
(=]
[Te}
N
LE T =3
-2
Ca-3:ic N
“F3iE%
3 HES 23 =
7uwm“.mv o
OZwEEE n
===E5EE -
SEE5:28¢%
=ssc2%2%4§
EEEITEE o
E5E35 245 =)
288 EETE -
2gggEis @
PEv RSz E
=B EE El
SEEEXKE R
s scenk=22 [=]
<< <OMG = T7]
|
ﬂ oo4d40
— ——r —— —— — o
o o o o o
[=} o o o
© N 0 <
- -
1T
[ed] "dv

Train entry speed [km/h]

Fig. 4 Prediction of Ap,, using the equation (1)

_x_._|
ol
ol
Kl
T

-

Tl

H
o
Klo
[\

1l
Bl
4
K
S

Hde = Fig. 2914 Ap, ol s = AL,

o}
H

1

)

700
,md
o)
bk
%
ﬁo

nE
)

& ol ek

of

¥

2=
o

1/7

=
o

v B

1

J)

High Reynolds & fr& oAl x}&F<]

Zk=1}4,5].

=
=
17
J ’ é‘train

gk 2 (2)9k #Zol 7% U St wbhleE oA

(2)

l

~

y
51‘/&//7

Q

7
U turb



A7) L& AFe] Aololr. B AT AL Wi AAE
gale] Aol HUAASE Vo G52 B@ste] 94
234 @7 @E 2

o = 1

o7]A, B o] NEAEe uEsAE Aol 4, & 287, V1 A& n/s]olT.

Moy =L pyp 1=tz ()
2 -V, /), /C+(-n)]

271 2 @), @9 &= A 94 FUtadE 7 Qa Fig. 59 2ol dd Aol E
2 AA s A%E BEAT. 53 49 Dbl gid @343 dolee B At ¥4
el wlg- F& UXE BT FFIE At TES AFY 49 BEw
EAgA ostel dF AAFE FAY 4 o FAYAGL F4 ek B A
Aekeh= 44 (@)t High Reynolds & #5399 AL df AAT] FANA L
B FFAAF] grobxi,

1600 - —u=—Present formula for G7 & KTX
) Present formula for Mugungwha
Present formula for Saemaul

: O G7 train (well-streamlined nose) 4
1200 - O KTX train (well-streamlined nose) runs
4 A Saemaul train (streamlined nose)
@ Mugungwha train (very blunt)
)
A~ 800 -
— d
— =)
&

\2 runs

0.""l""l""l""l""l""l""l
0 50 100 150 200 250 300 350
Train entry speed [km/h]

Fig. 5 Prediction of Ap,, using the equation (4)
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