HTTRE - B 37 % B 5 2024 £ 10 A & HEBETE «

doi: 10.3969/j.issn.1672-6073.2024.05.017

WP Bk Ml XA R DR R
N ERFRER>N

ZHE, AR, K X, EER?, mogE’
CL. WU A S B SS TRt UM 311202 2. dbatdiad st KR A B A 7], dbaT 100032)

18 B AP EE AS B A A R N B R ) AR R R I A ) R, R AR RS R &
XA s M A TR S o i SRR AR DGR e H ) P& BEARUE, £ SL AL BRI | PR AR R R T M
FEAE AT B TCHERY, ARG 43 IR AN RIBEE A AR SRR AT R AR NS R IR AR AGIEAT IS, B X B
TN B G 7 S 2 N B R BE T 40 Ao WFIE4s RG] HBRIE N2 H 6.0 m BI04 6.1 m I, 4N JE
TIRAG T KAH LI RAIK 4.2%,  AREEHG KPR H ARG /N N AR A E AT B 29U <6 s I, BEHE
L's, TR KA LIN 15%~25%: BEIETE FH S 4 B b 75 BERE A 28 e 45 I, 2R P D08 Ak i K E
I FRAIREY 40%~50%: A EEEAEA TR ME, ORI m el ML S/ 2 25 )3 B . R KU R HE XU 5 R 30 s
JIERAF IR DA B i 4 B R B 3 T 2 B AR it

SEBRIA: T PO G A T AUE M BRE AR

hEHES: U237; U213.2 MERERD: A XEHS: 1672-6073(2024)05-0116-08

Analysis of the Impact of Urban Rapid Transit Pressure
on Train Airtightness Measures

WU Minhui', LIU Jianchao®, ZHANG Ge’, WANG Luping’, DUAN Haibin®

(1. Hangzhou Highway and Port Management Service Center, Hangzhou 311202;
2. Beijing Urban Construction Design & Development Group Co., Ltd., Beijing 100037)

Abstract: To address the issue of reduced comfort resulting from rapid aerodynamic pressure changes inside the tunnels used
for urban rapid transit trains, a study was conducted on the effects of the tunnel diameter and pressure-relief schemes on in-car
pressure. First, pressure comfort standards were selected based on relevant regulations, and a finite element model was established,
which included a train model, a tunnel model, and pressure relief measures at the tunnel entrance. Subsequently, the pressure
variations inside and outside of a train were investigated for different tunnel diameters and airtightness indices. Finally, the
impact of implementing buffering schemes at the tunnel entrance on the in-car pressure was analyzed. The research results
indicated that when the tunnel diameter increased from 6.0 m to 6.1 m, the maximum in-car pressure variation decreased by
approximately 4.2%, with further increases in tunnel diameter having a limited effect on reducing the pressure variation.
When the airtightness index was <6 s, each additional second resulted in a 15-25% reduction in the maximum in-car pressure
variation. Additionally, when a fully enclosed sound barrier was installed at the tunnel entrance as a pressure-relief structure,
the maximum in-car pressure variation could be reduced by approximately 40-50%. Measures can be taken to enhance the overall
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vehicle airtightness, such as improving the seals around the doors for the driver’s cab and passenger cars, installing pressure

protection valves at fresh-air inlets and exhaust outlets, and enhancing the seals on the vehicle body and intercarriage passageways.

Keywords: urban rapid transit; pressure wave; airtightness; tunnel inner diameter
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Table 1 Tunnel model technical parameters
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Figure 4 Pressure variation curves inside and outside the train
with different airtightness indices for the leading, middle, and
trailing cars (D=6.0 m)
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Figure 5 Curve representing the variation in the maximum
pressure in the leading car with the air tightness index
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Table 2 Maximum pressure change values
for different cars under various train

airtightness indices (D=6.0) Pa/3 s
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Figure 6 Pressure variation curves inside and outside the
leading car under different airtightness indices (D=6.1 m)
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Figure 7 Pressure variation curves inside and outside the train
with different airtightness indices for the leading, middle, and
trailing cars (D=6.2 m)
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Table 4 Maximum pressure change values
for different cars under various train

airtightness indices (D=6.2 m) Pa/3's

1 E =0.7s =2.0s =3s t=4s 1=5s =65
Kk 1507 991 759 632 539 469
bk 1334 883 663 531 459 404
Y3 1268 834 619 486 401 353
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Table 6 Maximum pressure change within 3 s in the

train interior corresponding to different train

airtightness indices with and without buffer

structure at the tunnel entrance Pa/3's
Z:}’Z ﬁ; %9 =0.7s =2.0s =3s =4s =5s =65
- k% 1865 1551 1071 783 652 556 484
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g R%E 804 653 459 358 300 265 238

URBAN RAPID RAIL TRANSIT 121



EHIREAZE - £ 3745 E5H) 2024 F 10 B

5 BB ENETE
FIZESETRH =3 s BRI 2 G N2 6.1 m T
FIZEEPIGETEEESK . WA B ZE IR R E I, AR R4
B, R BOE BT B SRERHER 5 s, IR
H I )22SR AE D 440K, A=A s J) i 2 600 Pa
F%%5 1000 Pa, Hf[E)# AT 15 s,
51 SEMIEHRISRE
M A R S5 A BRI G R, #
L EARPR MR B IR I s R R Y, B
ERabs T E Ak
T
" (AR/AR)
[, TRHORIR], hy AP AR TFIAI )22, Pa;
APy IR ESE RIS IR ) 2%, Pao $EAEEHRIRH 530
BRI R R AN
1 1 1 1

Ton T, T,

R, 21 e o ARV ] e S
AN IR, AR R T BT

x7 BEHHESEMHER
Table 7 Airtightness index of each component

A B AR A AR AT

% W 2600Pa £ 1000 Pa #98F1a] =15 s(F 4464 15.7 5)

EN| #2600 Pa % £ 1 000 Pa # B 1] =210 s(% 3454 219.7s)

%38 %2600 Pa % ZE 1000 Pa #98tE] =200 s(5E 3544 209.2 5)

EXS
(&FE)

Ridid g 2600 Pa £ 1000 Pa 6983 8] =100 s(%% 314544 104.6 5)

#2600 Pa % £ 1 000 Pa #9 B 18] =28 s(% 314544 29.2 )

52 SEMEHIERER

AR N S Ak, Tl
AL, AR i

1) FINLE/ S GET R AT sl e b 1,
WAL B A YIRS BB, (RAEZET )
RGNV EE. FEIRGEL LA 12,

2) ASPHLALE R | [R5 A 2 1 i i e
ARG 2 1 4% 5 ZE AR B e 3% 5 (OB 13) 0 BT
PAERRHE, BT AR HE X 1 B8 s ) R
W, MZEA0 R ) SEAR I O AT T, RN R 4 P A
TS, TR BRI SR H

3) AU, AINLE SR EM SRR RS S
SAEL. FINLE 5 EAERA R AR . HubR

122 URBAN RAPID RAIL TRANSIT

R R AR BT, R AR R T
(1LY w1 P T UK S0 NS OB VS 2 P s
FEHEANRL . RS R B0, RS
AR B fE o

RECSREiNES

S e

K12 ZTRG4E
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