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Impact of exhaust system on ventilation environment of island-type

subway platform with screen door system
LIANG Jiahe, DOU Huashu
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The numerical simulation was carried out for ventilation environment of island-type subway
platform with screen door system by using AirPak 3. 0 HVAC software, with the steady three-dimensional
Navier-Stokes equation and the RNG k-epsilon turbulence model. With the temperature and humidity
measured in the field as the boundary conditions, the numerical simulation was carried out for ventilation
environments with the same supply air flow but different exhaust air flows respectively. The result shows
that the diffusion of air flow could be guided to the center of the platform by using exhaust system, to
largely improve the uniformity of temperature distribution in public space, reduce the local high-velocity
areas and vortices in the area of human breathing, and reduce the average air age by 12%. Nevertheless,
the exhaust air flow should be set within a reasonable range. If the exhaust air flow is too high, the
ventilation air flow would affect the air stratification in the platform. The numerical simulation results
show that the ventilation of the subway platform could be improved dramatically by using exhaust system
reasonably, so as to avoid energy waste. The research results provide a theoretical basis for improving the
environmental quality of the station by using energy efficiently.

Key words: numerical simulation; platform ventilation; air distribution; subway-platform; temperature

distribution

:2020—03—09 :2020—05—08
(51579224) 5 (2018C03046)
1992— >H, s

, E-mail ; huashudou@ yahoo.com



4 : 579

[12-13]

b o

AirPak3. 0 ,
[1]

[2] o b b
[3] s .
’ 1
, 1.1
; 1 o
1 123, 50 m X 1L 55 mX 310 m,
20 90 o ’ o
, CFD . 10 20 .
. [o-6] Fluent ’ o
AirPak2. 0 .
’ LT @ T~THL T E T T
T
s [7]
s 8]
3 [9]
PMV-PPD 1
[10]
[14]
. 2 s

, o o 52 ., 8

[11] s
b Y o 2 o b
, E



580 ( ) 2020 43
BB HERO SOk v R AEBE H D RO . L
0 0/ o é 0 0 0 / 0 d o 10/ o
O ' N O
] | - -
O O i __Li O
0 0 i 0 i 0 10 0 0 010 0
CX : AKX : SIX P EK
2
c ) R
1.2 . Normal k-epsilon
. , . RNG k-epsilon
, 11 0 °C, L8190 Normal k-epsilon
13. 0 C, 65 0 RH, 1 80 s
m 20. 2 0C ) s
[20]
18 8 C, Navier-
o Stokes s RNG k-epsilon
, . AirPak3. 0 Fluent ,
, 144 °C., 151 °C, )
16. 6 C, Boussinesq
14. 4 °C, 16. 6 C, 0
15. 2 °C, 1.3
14 9 °C, s
(5] i
, Q.. =0 576 m*/s, , 3 R
24. 0 °C, 1 AirPak R
, R 2 4 o ,
s 2 Q..=1 152 o
m®/s, 3 Qou=1 728 m*/s,
4 Qnul :2- 304 1113/5O ’ .

[16]




485, 2 .006. 9 .576. 0 729. 4 ,
729. 4 o o
729. 4
s 4(a) o 506. 9 o 4(b) o
21.6,
_, -0.8
214} T, —" o
A\ 0.
2124 A a A
o TT—a— 06
2210t o
40.5 “@i@
IE 20.8} o Em
ﬁmm- oéﬁ%
204} $ﬂag¢é
—_a—F /zm g
2021 kR 01
2095500 550 600 650 700 750
PSR/
(a) PIRE TR HEIGUE
4
1.00 -
095}
0.90
1 ?ﬁa%-
, =080
iz
18 0~22 0 °C . w07
0.70}
o 0.65}
0.60 L L L L L L )
00 05 10 15 20 25 30
o A FE/m
.11 6
s R 6
5 6 . 5 s
21. 0~22. 0 °C s R 0. 20~0. 40 m ,
s 0. 75 C,
° O. 60’\’2. 40 m ° 5 ’
21.8; ,
21.7}
21.64 .
o 2L5¢ ,
=X 21.4f
E%m3- :
%QZI.Z‘ =T N1 3 4
Bora) ::%%% ’
210} T : 1 2,
20.9}4 A,
20.8L—

00 05 10 15 20 25 30
B B /m

[@2]



582 ( ) 2020 43
, 8
212 o ,
7 8 , s s
o 7 b b o
A E R R 7 8 .
22.0
218
21.6 ’ )
0214 ,
%ﬁ 212
mﬁ 21.0 o
\H@ZO-S 2 1.3
20.6 =T
20.4 IJI:%g
igg —~ T4 , Y 1L 20 m 1 80 m
"0 5 10 15 20 25 30 35 40 45 50 55 60 65 9(a)—(d) A
AR /m
7 ’
11p ’ ’
1.0} o ’
0.9} . » S
0.8}
E% i c . 9 A S
= 0.6) ,
Bigsl
: —=— T 1 C
0.4F —o— T2 ’
0.3 —— T3 9(b 9 ,
o2b o B > «©
0 5 10 15 20 25 30 35 40 45 50 55 60 65 ’ °
AR B /m 9Ca) S
. C . 9Ca)

1.80 mE R 1.80 mE

() AIFEHER(THLL)

() 0,,=1.152 m/s(T-%2)

80 mEF B

mE

(d) 0,,=2.304 m*/s(T-484)
5400 2175 1950

(c) 0, =1.728 m*/s(THL3)

9

17.25 15.00

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 : 583

s ’ m/So . 0. 50 m/s
4 3, 9(e) 9(d> ,
.C . ° .
, 221
o Y L 55 m
’ ’ ].O(a)i(d) ’
2.2
o { »(GB/T , o
18883—2002) , , , 0. 50 m/s,
0. 30 m/s, 0. 20 o

() AT BHR(THLL) (b) 0,,=1.152 m¥s(L#2)

(©) Q,,=1.728 m¥/s(T.1%3) (d) 0,,=2.304 m/s(T.154)
10

10 Ca) ’ .
. , A 0. 50 m/s, 1. 50 m/s,

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



584 ( ) 2020 43

, 0. 00~0. 23 m/s WA o
o , C 2.2.2
, ) 11(a)—(d)
) . Q (Criterion=0. 2) )
) o . 10
10(b)—(d) , , ’
,C S ) o
o ) , C ) )
(c) 0,,=1.728 m¥/s(T.HL3)
11 Q
11a) A . C ,
A A )
A , )
. 11— C o ,
) C A , A ,
o 2.3
) 11(d
, C



4 : 585

Y L.20m 1L 80 m . 12¢(a) (b) ,C
12 (a) — (d) o 201 25 s o s
, 12(a) S
) C o

120 m &

=

(@) AT R HR(TBL

1.80 mE 1.80 mi ¥

(©) Q,,=1.728 m'/s(T.1%3) (d) 0,,=2.304 m/s(T.Bi4)

230.00 172.50 115.00 57.50 0.00

12

Sy
S[H/s

12 130

— BERE120m
—e— T FE1.80 m

o b

12Ca) (b) , 12(c)
(d 172, 50 ~201. 25 s,
12¢(a) S 172 50 s 108

(=)
LI I B N B B B B B B B B R |

) THI  TH2 TH3  THA
13 14 Y 1. 20 m T

1. 80 m
44r —— A mE1.20 m
. 13 14 ol —e AR F 180 m

. TR TH2  TH3  Thd
, TR
14

a) s

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



586 ( ) 2020 43
b) , . , 2010, 30(1);
i 28-32.
, ol . ,
[Jl. » 2018, 18(8): 47-
’ ’ 50.
' [10] . :
’ [J]. , 2019, 47(11); 85-88.
©) ’ [11] ,
’ [l » 2019, 38(8): 44-47.
s [12] Ampofo F, Maidment G, Missended J. Underground
. railway environment in the UK partl: Review of
. thermal comfort [J]. Applied Thermal Engineering,
) , 2004, 24(5/6): 611-631.
o , sl L o
, 2002, 21(6) . 47-49.
| ’ [14]
’ (cl// . 2013
> o s
’ : , 2013 129-134.
° [15] Nielsen P V. Description of supply openings in
numerical models for room air distributions [ J ]
ASHARE Transaction, 1992, 98(1): 963-971.
[1] , , [16] R R R
[l . 2016, 26(3): [J]. . 2003
128-132. (2): 1-3.
[2] . L. [17] s , s
, 2005, 18(2): 4-7. (7. . 2012, 25(2); 49-52.

[3]LiY., Leung G M, Tang ] W, et al. Role of ventilation
in airborne transmission of infectious agents in the built
environment: A multidisciplinary systematic review[ ] ].
Indoor Air, 2007, 17(1). 2-18.

[4] Park W H, KIM D H, Chang H C. Numerical
predictions of smoke movement in a subway station
under ventilation[ ] ]. Tunnelling and Underground Space
Technology, 2006, 21(3/4): 304-309.

(5] , . CFD Ll

, 2007, 29(1) . 89-92.

[18] Rohdin P.

climate in large

Moshfegh B. Numerical predictions of

indoor industrial premises. A
comparison between different £~ models supported by
field measurements [ J]. Building and Environment,
2007, 42(11) . 3872-3882.

[197] Vrachopoulos M G, Dimokritou F K, Filios A E, et al.
Airflow modeling analysis of the Athens airport train
station C ]//Advances in Fluid Mechanics VI, 2006,
Skiathos, Greece. Southampton, UK. WIT Press.

2006. 479-487.

L6]

7]

(8]

[Jl.

[J7.

CFD
, 2005, 40(3): 303-307.

0l

, 2018, 48(1): 131-138.

[20]

Hussain S, Qosthuizen P H. Validation of numerical
modeling of conditions in an atrium space with a hybrid
ventilation system [ J ]. Building and Environment,

2012, 52(6): 152-161.



