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The thermal envirionment and the validity of
ventilation in subway system
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U AAEEAZ Aol F7HE Fldme
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oje} 2 dxbFel o3 BEAUES g2 ¢
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Bd 9 blast shafte] A3 183 %719 &
Zoll upe} HHYA= EE F Uk

B A3 SES(subway environmental si-
mulation)E ©] &3 [99] &5 4 2%
B34S FHsh] A48 712 RE7)EA] A4
R EAFS HE Fol7] Y blast shaftd
AX Qg 3l ARSI
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WgRolM veE 4%, AshiE 717101
e d% 18a SAGAA e %S A
Abstdet 18] 2 under platform exhaust sys-
temoll 9J& IFE AAF ¥ SESE ol&3d
25E Hotetal 7|EA|e vladgich
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HS =7le &7t 23 XEEA A0
A $70] Hae PFE dzeg HY 257
FAE e 252 YehddE AL off
< otk ¥ 2% 99 a9E n@F AF o
g Ui goln, o] AEE F £ AFolrE &x4
Z97HE 93] oAl Rol= RSI(relative
strain index)olA AHH Alxeo] Hggd =
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¥ 2 Characteristic of various common ther-

blast shafte] #491% AAuEe Bala7]
o] %2 AFSHE Atkinson B4% olgshde
o Mol HolEE olfdld £AHORE A
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Data Typical System acik
Maximum No. of Cars per g mal indices
5 T;i“ - = Index | ET | E | HSI |P4SR| RSI
ar Leng m
Maximun Length of Train 4 Temp | © 1 O 1O 10 1O
Air Conditioning per Car | 20,000 keal/h X 2/ car Humidity | O O O O O
Station Length 180 m Radiant
Car Weight (empty) 31.2 tons(8 cars, 250 t) heat X X O O O
i X
Normal Maximum (1200 person X 65 Kg)/8 Metabolic
Passenger Load = 9750 = 975 tons h X O @) O O
Total 4095 tcns ea.t
Rotational Inertia 3.28 tons Clothing | O O X X O
Total Equivalent Weight 4423 tons i .
Maximum Acceleration Rate 3.00 km/h/s ET : faffectlve temp'eratu‘re
Deceleration Rate 350 km/h/s E ! index of physiological
Headway in Each Direction 90 seconds HSI : heat stress index
Station Dwell 25 seconds P4SR: predicted 4-hour sweat rate

RSI : relative strain index
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28 FA EEE AUFQ 718X} A6 o
S %9 AsHAe dAsks dAAEY FReE
AZHgohd A 71ExE Aeshs Aol g
ottt 2y o] AS-o dAREL: AR A}
gl Al v]F g2 A7 B¢ 280 =EHY
tas &0 g n%S =74 sk AN
355%(RWI =05, Golr AntAQl A& E
Yx] ooz},

MIcy+1,) + 1.13(:—95) + RI,

3l G A AHEA F A5 ol
(rush hour)&] 7$- 27.125 kcal/m’® (10 Btu/ft?)
9 3l intm LA A

g 2 a7 = O Za e
underground platform exhaust system2} 7+
AHg0] 60%7F gk JHgstn Aatetdch
E 45 F7) 98y @i dddrag effect)St
71AA Ages wAFAE EF, HA2H 4]
ol 3 E%, REo] A %, 53 I
of WA g @ ByolaA YL

RWI = (1)
.2 T 9% 2z AFED Bde) B of
¥ 3 Data of RWI & d#Fo] gt A8E underground platform
exhaust system$ 23t} Bdg Al7ites
Parmeters outdoors | station Wro] Zhzte] deke Ak gholh
M (Btw/h-ft) 54 54
Iew (clo) 0.35 0.35 ¥ 4 Magnitude and location of heat when
L (clo) 0.22 0.32 train's velocity is 60 km/h
R (Btwh-ftH) 10 0 Magnitude of
. Location
t (°F) to ts heat kcal/h
to — ts = 2.8°F = 158TC Heat into approach tunnel
Adopted from ASHRAE Handbook of Fun- Braking 98782.35
damentals, 1972 Tunnel lighting 4031.933
Car accessories 5291.912
RWIE 4 ()2 2ov ME AAGAHE, Tew Car air-conditioning 32003.47
= 24 Q%“&%Eiﬂn LE Ay legoi;7] Total 140109.7
O) &l 7)1 A 5l g}k & 31 =
A3k °}7L:‘ = ;Hz‘ﬂ; dEEA, t= AT 22 Heat into station box
o}l & L. HEA o)
Al 1 25, Re gapdels. Braking 6914765
0] HollA Hele Y& YukHQ Asto .
Car accessories 37799.37
2 7S F g el oo B0l o & Car ai ditioni 9240243
Ao SEMAE A RY UA eRAE E T;‘“ concitioning ; :
33} o] o 2T Holr} Ha Utk & F7o] fation lighting, equipment, and\ g,z 4g
ooz Sole W FAPE =7 4 dE ex people
ol 2 Toldoz Lx7} wolokdt Under-platform exhaust system| -571980.1
Total 472290.55
3.3 AAHolM wishs Z2t Heat into departure tunnel
28 AAEA gl os xakHa} Braking 197564.7
YHRE 5 4 glen o] HelE £ 7)), Acceleration losses 202604.6
AZ171F Bo] Qu dPpagolow sEAA Car accessories 10835.82
(heat sink)®} underground platform exhaust Car air-conditioning 64006.93
systeme & F Utk 7|4 S EAIE By Total 475012.1
9o F2EI 1 Foo wo] x|5le] Fr| L% System total 1087412
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¥ 5 Input data of SES simulation

G ion -
Station statl(?n Remark
D station
Ambient
en 32T, 35T
temperature
F.
Ventilation shaft 4 .an(3),
stairway(1)
Simulation time 20,000 sec
Tunnel Double track
Number of station 10
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A Aoz ol5dE, EERO], HAE wEZE 7}
g7k, A7ka, 84, $F 9 AE 54 33
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SEHRBAES A ASET X 59 oy A
Edojd A3, 1Y 17} Zo] Usit) ojrjA &
2o F7tet At Aoz dojubar glgol
Holx JEd oA Fxprl Foll UL uf A}
9] T =(grid)ollA] B dFo] LYgluz o
9] 2x7} Ertal Eaprt 93 g Apolo Q&
d, F HolM 7 A Zef A& o) de] 257}
We{7p] dieltk aejxn 9o Hu:E si-
mulation AJ7te] °F 7000%, 18000 o = ¢}
385%9 3B55=2 N9 2xwct ¢ 3557}
=4 et ok
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472290 kcal/h (& 4 F=)
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9] wet datm ok I AE Zde] HoAe Al
Edo)d Alzko] 18000% ¥ = oF 203,979 m¥h
of Ha Ut

385 . .
[ 0. 0y
38.0 Tey Va ey ,". .
3754 AT S ] W g
wad i
%59} Maximum temperalure
3604; \
B g e - o,
B0} w .
usd ! e s
o]
2547 r 35
aei ——32
3254
3204
T ] ¥ T T LB AL T T T T T
[ 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Simulation time (sec)
a2 1 Maximum temperautre of station
220000
PO s ', a l, "
e O T
A I PR A I
180000 : [ e RN 1
- BN '] ‘
£ Wl ey oy iy
o ' . [ |
G R A R
@ AN I T
@ a0 TR IR T i
- oy g vy [
3 o i l-l Y i .
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T . y y
100000 1 \
[ ] 2 L]
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T A T v T T T T v T T T L A T T
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Simulation time (sec)

a8l 2 Flow rate which is fresh air flowing
into the subway
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A F 2g vjwstd xjshEoe] o] o]Fo]
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7t ol whAUZEARE Bduje] wE dagbea
8 YRR FrIEEE AR ), wik
& blast shaft® o Ao dAsd dxe=
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71457t AA @}, wekA blast shaftel 3
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Smf
1

5m

] 5m
7nj 5m

S
12 10m

5m
3% 5 The shape of blast shaft

=9 dAte] £57) Zolx)= A Holga & 4
gtk 2 blast shaft® Esizbelal g7)e)
£x7F dxbe] £ERT 37 HolA o A 9
o blast shaft& dXsjo}s]zn vz dxle) &
57} 3719 £x 81} AW blast shafte] Y18
el 7HgA dlerdd. asEs 4 QDT 4
(12)8] £x71 Zotd wr} ulg Hor Ly
blast shafte] Hi9)et & 4= gick.

5.3 7l49 Hjo|E{E 0|83t blast shaft
o x| £4

¥ 4% Mo BYEd HErs] 838 Ao
£ blast shafte] ZAg F4L a9 59 2}
23 fRE FetEr] YEiMEe A7) $4L o
&3l FORTRANCSE AlEH 0|48 3tk

AsHde EAT €49 At bojelE ¥ 63
21 A4 A7) blast shafte] $xe oA} o
77m ool gojol dAFE aHFow =Y
4 Aok 2} blast shaft] 4o oial 9%
= IA Weta o], v blast shafto] GHA
o] 238m’o]i FIo] glo] A WS FAoz
Zol7k 12meHd A= HolA oF 38m HEI}
24=1

¥ 6 Data of blast shaft

Data Value
Resistance of ventilation shaft 0.015
Resistance of tunnel 0.028
Maximum velocity of train 80 km/h
Area of ventilation shaft 25 m?
Area of tunnel 6l m’
Air density 1.2kg/m’®
Perimeter of ventilation shaft 20m
Perimeter of tunnel 3m
Equilibrium length of station 6m®
Length of ventilation shaft 12m
Length of tunnel after
) acceleration 104m
Deceleration of train 35 kmvh/s
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