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Experimental investigation on the aerodynamics of tunnel passing
for high speed train with a moving model rig

Song Junhao, Guo Dilong, Yang Guowei, Yang Qiansuo™
(Key Laboratory of Mechanics in Fluid Solid Coupling System, Institute of Mechanics, Chinese
Academy of Sciences, Beijing 100190, China)

Abstract: When a high speed train enters a tunnel, a compressed wave occurs and propagates
along the tunnel to the tunnel port, and transforms to be a micro pressure wave. Using the mov-
ing model rig experiment system, pressure waves and the micro pressure wave were measured in
the double-track tunnel (60m in length) within the speed range of 200-350km/h. Firstly, the va-
lidity of experimental data was verified. Secondly, the reduction principle of the initial compres-
sion wave propagating in the tunnel and the relationship between the micro pressure wave and the
train speed were drawn out. The effect of the streamlined nose shape on the micro pressure wave
was studied at last. The experimental results show that in the speed ranges, the dimensionless
values of the pressure wave and micro pressure wave are the same with different speeds. Howev-
er, the relationship between the micro pressure wave and the streamlined nose length is only ana-
lyzed qualitatively, with quantitative relationship difficult to determine.

Keywords: tunnel effect; high speed train; micro pressure wave; compressed wave; stream-

line shape
b
b
[4-6]
’ ’ o
[7]
b b
(-8 , s 20Hz ) o ’
b ° o ’
b b
: 2017-01-03; : 2017-08-24
* E-mail: gsyang@imech.ac.cn

: SongJH, GuoD L, Yang G W, et al. Experimental investigation on the aerodynamics of tunnel-passing for high speed train with a mov-
ing model rig. Journal of Experiments in Fluid Mechanics , 2017, 31(5): 39-45. s , .
22017, 31(5): 3945.



40

(2017) 31

N 3
o 2 .,
1991 1: 25, 305km/h
1998 1: 20,
350km/h ™ .
[10-12]
1:8, 500km
[13-14] ,
100m?
s 60m
, 200~ 350km/h .
; 2

1
5m . 100m?
1:8 0 2
. 3 3
. ( 50m) ;
) « 2
) )
(
50m) , ,
100m, 100kg
500km/h . 260kg 400km/h
o ,  60m
o 1 )
4
1:8 2 , 2
9.9m, 0.186m*, 2
, A 0.3m,
B 1.2m,
, B=0.119,
3 o
4
o 10,20,30 40m,
471mm 4 ( All,
A21,A31 A4l); 20m 4
( A21,A22 ,A23 A24), 1



o 1 2.5m
o s 7000Pa, 2
2000Pa, s
5kHz.A/D 16 . A
202,251,304 344km/h
, B 304km/h

3% , .

2.1
1920
f i 5(a) A 304km/h
Unit:mm
s 20m 4
1
Fig.1 Section dimension of the tunnel model ( A21.A22.A23 A24) .
Train model A s 5(b)
. Ty ————_
) oy N 5(a)
—— Leading car —++——Middle car —+ «—— Trailing car —
Train model B o 5(b) ’
er———————
nd al ’ ’
9.9m
Streamline shape of model A Streamline shape of model B ; R
p - 5(a) . .
b
0.3m 1.2m
) ’ b API o D)
Fig.2 Streamline shape and dimension of two kinds of train models 1500
1000
500
s 0
5
2 -500
£-1000
-1500
-2000F | P A24
‘ 1 1 1 1 1 1 1 1 1
23000303 04 050607 08 0.9 10
60 T T T T
50F ! \‘| ," —— Compressed
l‘ l‘ ‘wave
5 g 4of fodel " Expanding J
Fig.3 Installation of the tunnel model on the moving model rig § 30 ,‘ - ‘p 2
E a Sensor
Photodiode ~ Cross section for A 5 I position
= sensors ‘.' .
g A4 10k ] / \ 4
2 | Entrance .  ®A23 . ! / |
3 T - Xit ' g \
2| - LMOdeq, .25% Pressure sensor 0 TP T T ST T (T PRI P P
= Py o O Pl P25 0 0.1 02 03 04 05 06 0.7 0.8 09 1.0
do10m [ 10m 10m | 10m Im.5) s
4 . . 5 (a) 20m
i (b) s 304km/h
Fig.4 Positions of the velocity measurement device, the sen- Fig.5 (a) Pressure evolution on the inner wall of the tunnel
sors for the tunnel pressure wave and the micro pres— model at 20m from the entrance and (b) Mach wave

sure wave at the tunnel model propagation in the case of 304km/h



42 (2017) 31
(a ) 2000 T
’ AV AR 1500f
’ ’  1000f i o,
£ Famemmem
s o Y 500k l,', =
’ ’ 0 ---25Tkmh |
b a 304km/h \
’ ° ’ === 344km/h H
b . c d '5000 0.05 0.10 0.15 0.20 0.25
T
14
’ T —
’ . . 0.30f Z3 1
0.25}
’ ’ 0.20} :
R W 0.15¢ = 202km/h L
===+ 251km/h b
, 0.10f 304km/h ARt
° 0.05+ === 344km/h ]
1) ] D) 0 4
. , . 005704 056 08 10 12 14 16 1.8
T
’ 6 4 (a) (b)
° Fig.6 (a) Initial stage of the compressed wave in the case of 4
s s speed values and (b) corresponding curves for the non-
dimensional process
20m 4
2.2
(A21),
7(a) (b) 304 344km/h 2
’ 4
— 2217. 5Pa, ° ’
—2089.2Pa, 6%. . ’ '
: [15-17] - 8 4 &
6(21) 20m ’ ’
,202km/h 657.87Pa
476.63Pa , 344km/h 1892.1Pa
Tp CP 162299Pa, ’ ’ 60m
tew s 200 ~350km/h ,
T " Lo (o) ,
c, :% (1b)
70 °
2.3
2 P »Pa; p
,kg/m?® ( 1.225); v ,m/s,
s o 9
6(b) o
304km/h 2.5m
. Ml )

s ; M2 M3



5 43
’ ) ’ 2000
el
’ ’ B it b T
i Rk
’ o 1500+ Py ;
N i~
10 A « ik
& i
, 1 2.5m 10007 vy e aions - -
< i S
o 1) 1) [ o reg— "3
3 500- e T T <
=0=-202km/h -e= 251km/h
N . =*=302km/h =#= 344km/h
0 T T T T
10 20 30 40
Distance/m
0.5
[+
&
g 0.44
2
&
= 0.3
U&.
0.24
0.14 } =0=202km/h =@= 251km/h
: == 304km/h =#= 344km/h
O T T T T
10 20 30 40
W Distance/m
<
g 8
§ Fig.8 Maxima of the compressed wave for several speeds
kS
< 200 [ ———————
& 150} Head pass | Trail
g 1o Head P
; 50 e reflection
? op— e’
2100 £ -sof o Trail ;
| I
1800- g -100p E | i
15001 = -150f :M :M J‘M l I
& Y 200 et b 2 P i SOOI JOPT.
& 1200+ ] H | { \
o X I
2 900 Y 60 ceeer — ,‘ o —
3 v U
& 600 ! |
~ 50 o v 4
300 \ Head . Trail
g 40f X \1 X E
01 g A |
=0 015 020 02 ! ) A ]
A § 0.25 2 20l 1
100 10 \ —— Compression wave
—344km/t ,,' - - Expans1‘(‘)n wave
40m 00 0.1 02 03 04 05 06 0.7 0.8 09
=~ ,' ‘ t/s
é iy 9 2.5m .
= ,‘ i 304km/hour
§ n l'-‘ Fig.9 Evolution of the micro pressure wave at the position of 2 5m
-"‘;.} R from the exit of the tunnel model in the case of 304km/h
I ')
t«\/\\\f\;r\";n {/@ 2
Ly vl
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 °
t/s
2.4
7 4
:(a)304km/h  (b) 344km/h ’
Fig.7 Initial stage of the compressed waves and pressure gradi- s
ents at 4 positions in the case of (a) 304km/h and (b)
344km/h . 11Ca) (b 1 A



44 (2017) 31
80 3
lodel "Allometricl
707+ B
GiRSquire 099894 09941
601 e 1:8
S 50 5 Satior " iior
&
E 60m ’ N N 3
3 401
2
£ 301 ’
20+
—+—2.5m °
0+ T T T T T T T (D
200 220 240 260 280 300 320 340 360 ’
Speed/(km-h)
10 4 A 1 2.5m
Fig.10  Dependence of the peak values of the micro pressure s
waves atthe positions of 1m and 2.5m from the exit on
the speed of train model H ’ ’
. . . . . (2)
1400F 1
1200F 1 s
1000} 1 . (3)
& 800F ]
e
2 600F 1 ’ ° ’
£ 400F 1
A ——Model A ’ ’ ’
200F ----Model B 1 (4)
0 i o
2 . i i ]
OGO 0.05 0.10 0.15 0.20 0.25 ’
t/s
eoF - - T . - - .
£ 50
o
§ 40
o 30 (1] , . . [J].
5
7 20 , 2015, 45: 201507.
E‘ 10 Yang G W, Wei Y J. Zhao G L, et al. Research progress on the
R-Y —Model A mechanics of high speed rails[ J]. Advances in Mechanics,
= -10f ----Model B ]
20 i i i i i ; i 2015, 45: 201507.
0.10 0.12 0.14 0.16 0.18 020 0.22 0.24 0.26 [2] Yoon TS, Lee S, Hwang ] H, et al. Prediction and validation
s on the sonic boom by a high-speed train entering a tunnel[ J].
/
1 o1 304km/h 2 " (a) ) Journal of Sound and Vibration, 2001, 247(2); 195-211,
o [3] Raghunathan R S, Kim H D, Setoguchi T. Aerodynamics of
Fig.11 Initial stage of the compressed wave at the position of A21 high-speed railway train[J]. Progress in Aerospace Sciences.
for two kinds of train models in the case of 304km/h and (b) 2002, 38: 469-514.
the curves of the micro pressure wave at the position of 1m [4] , s ..
from the exit [Il. , 2013, (5): 97-102.
B 2 304km/h Ma W B, Zhang Q L, Cheng A J, et al. Study on influence fac-
tors and changing law of micro-pressure waves at tunnel portals
20m Im 4 4 s . L
of high-speed railways[ J]. Journal of the China Railway Socie-
o A ty, 2013, (5): 97-102
s R B [5] Howe M S. Review of the theory of the compression wave gen-
erated when a high-speed train enters a tunnel[C]//Proceedings
° of the Institution of Mechanical Engineers, Part F; Journal of
, 55.92Pa, B Rail and Rapid Transit, 1999, 213(2): 89-104.
47.42Pa, A B [6] Auvity B, Bellenoue M, Kageyama T. Experimental study of
17 9y the unsteady aerodynamic field outside a tunnel during a train
' ° ’ entry[ J]. Experiments in Fluids, 2001, 30(2);: 221-228.
o [7] s . .

AR ( ), 2014, 45,
1329-1333.
Yang Z G, Tan X M, Liang X F, et al. Acoustical characteris-

tics of micro-pressure wave and sensor selection[ J]. Journal of



5 45
Central South University Science and Technology, 2014, 45. [15] s , s .
1329-1333. [I]. , 2006, 24(4); 508~
[8] Johnson T, Dalley S. 1/25 scale moving model tests for the 512,519.
TRANSAERO Project[ M]. Berlin Heidelberg: Springer, 2002. Mei Y G, Zhou C H, Geng F. et al. Numerical method of ini-
[9] Zhou D, Tian H. Zhang J, et al. Pressure transients induced by tial compression waves produced by a high-speed train entering
a high-speed train passing through a station[ J]. Journal of Wind a tunnel-hood based on one dimensional unsteady compressible
Engineering and Industrial Aerodynamics, 2014,135:1-9. flow model[J]. Acta Aerodynamica Sinica, 2006, 24(4) . 508-
[10] Bellenoue M, Moriniere V, Kageyama T. Experimental 3-D 512,519.
simulation of the compression wave, due to train-tunnel entry [16] Takayama K, Sasoh A, Onodera O, et al. Experimental inves—
[J]. Journal of Fluids and Structures, 2002, 16(5); 581-595. tigation on tunnel sonic boom[ ]J]. Shock Waves, 1995, 5(3):
[11] Ricco P, Baron A, Molteni P. Nature of pressure waves induced 127-138.
by a high-speed train travelling through a tunnel[J]. Journal of [17] Ozawa S, Maeda T, Matsumura T, et al. Countermeasures to
Wind Engineering and Industrial Aerodynamics, 2007, 95(8) reduce micro-pressure waves radiating from exits of Shinkansen
781-808. tunnels[ C]//Proceedings of the Seventh International Confer-
[12] Doi T, Ogawa T, Masubuchi T, et al. Development of an ex- ence on the Aerodynamics and Ventilation of Vehicle Tunnels,
perimental facility for measuring pressure waves generated by Brighton, UK, 1991 253-266.
high-speed trains[ J]. Journal of Wind Engineering and Industri-
al Aerodynamics, 2010,98(1):55-61.
[13] Yang Q S, Song J H, Li D, et al. Train model acceleration and
deceleration[ J ]. Science China Technological Sciences, 2013, (1985), . , .
56(3): 642-647.
[14] Yang QS. Song ] H, Yang G W. A moving model rig with a 15 ’ (100190) c. E

scale ratio of 1/8 for high speed train aerodynamics[ J]. Journal of
Wind Engineering and Industrial Aerodynamics, 2016, 152; 50-58.

1 1111111111 -

(

[15]

[16]

[17]

31 )

Reitz R D, Diwakar R. Structure of high-pressure fuel sprays
[R]. SAE Technical Paper Series 870598, 1987.

Reitz R D. Modeling atomization processes in high-pressure va-
porizing sprays[J]. Atomisation and Spray Technology, 1987,
3: 309-337.

Patterson M A, Reitz R D. Modeling the effects of fuel spray
characteristics on diesel engine combustion and emission[ R J.

SAE Technical Paper 980131, Detroit, 1998.

mail; sjunhao@163.com

11111111111 1@ 111111111 -

Author biography:

Liu Richao (1986-), male, born in Qingtian
En-
gaged in combustion and flow in aero-engine
research. Address: Xinduhui [[-806, Beijiao
town, Shunde district, Foshan City, Guang-
dong Province(528311). E-mail: 1rc19860517

@ sina.cn

Zhejiang province, doctoral candidate.



