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Abstract Taking Qianjiang shield tunnel as the research object and based on the CFD simulation method, a large eddy simulation
analysis software FDS is adopted to simulate and analyze the effect of exhaust rate on fire smoke control under the condition of the same
heat release rate of SOMW and exhaust ports in a road tunnel. Ten different exhaust rates are simulated under the mode of bidirectional
equilibrium smoke extraction. Comparative analysis are made on smoke flow velocity in exhaust ports, temperature at exhaust ports and
exhaust fans, smoke exhaust efficiency, visibility distributions at two meters high of road, and smoke spread distance, when smoke
exhaust rates are different. The results show that different smoke exhaust rates have great influence on smoke exhaust effect. The
simulation results show that smoke flow velocities in exhaust ports are less than 10m/s, temperature at exhaust fans are less than 280°C,
and visibility distributions at two meters high of road are more than 10m, which satisfy requirements of the design code. When the smoke
exhaust rate are greater than or equal to 190m?Ys, the temperature at exhaust ports is less than 280°C, smoke exhaust efficiency could
reach at 100% and fire smoke is limited in the section of the opened exhaust ports. It is indicated that a quite good smoke control effect
could be achieved. The results could provide some reference to design institutes for selecting exhaust fan.
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Fig. 1 Cross section of shield tunnel

THI-'MJJ Bton2 HH 02 T
k 1 | ]
= | P r—zi
L L L osw R R, R,
_60m 5" )
r e

Il il
*LavLo Ly« Ry Res Ry 73 HE KB 1R
B2 BEN@DAHEEFHEERXRE
Fig.2 Bidirectional equilibrium central smoke
extraction system in a tunnel
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Table 1 Smoke flow velocities in exhaust ports
with different smoke exhaust rates

HeM & Q AT I8 HEAR AL 33/ (m - s7)

/(m’+s™) L, L, L, R, R, R;
12437 374 437 6.19 6.20 4.39 3.79
130 398  4.60 6.29 6.31 4.60 3.97
140 437 488 6.44 6.45 4.89 4.36
150 4.77  5.19 6.63 6.63 5.18 4.75
160 514 543 6.83 6.82 544 5.17
170 554  5.69 7.04 7.03 5.69 5.54
180 596 595 722 7.18 5.90 5.89
190 6.31 6.18 742 742 6.18 6.30
200 6.68  6.42 7.58 7.62 6.45 6.66
210 7.10  6.72 7.79 7.78 6.74 7.12
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Table 2 Temperatures of exhaust ports and exhaust fans with different exhaust rates

HEm & Q I e HE AR i S C HEJE AL 1 5L BE/°C
/(m3s™) L L, L, R R, Rs 72 A
124.37 76.6 1307 315.1 313.4 131.8 76.9 52.0 53.0
130 76.1 1283 308.6 316.1 129.7 76.6 51.8 525
140 73.8 1223 306.7 304.7 122.4 739 52.1 515
150 71.4 119.7 299.4 300.3 120.2 725 51.5 50.3
160 67.5 115.1 295.1 208.4 114.4 67.8 50.2 50.7
170 64.0 110.5 287.8 287.1 11122 61.6 49.8 50.1
180 54.6 1073 282.0 285.1 103 .4 56.2 49.8 48.3
190 54.7 99.8 274.8 278.8 101.6 53.0 48.6 47.7
200 46.6 937 270.4 273.9 974 477 46.8 47.6
210 45.6 88.7 268.5 270.8 89.2 439 46.4 46.4
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Table 3 Smoke extraction efficiencies with
different exhaust rates

HeMAH: O AT I8 HEAT 1 HE 40 2808 1%
St L L L R, R, R,

/m’+s

12437 980 12.6 20.7 199 13.0 980 858
130 103 133 202 206 134 103 881
140 107 135 204 205 137 107 895
150 11.4 142 207 209 142 113 927
160 11.8 145 212 21.1 145 119 950
170 123 148 216 214 148 122 971
180 129 154 221 21.7 150 128 999
190 132 151 21.6 219 152 13.0 100
200 127 152 21.6 223 153 129 100
210 128 151 220 221 152 128 100

BifFIF A 1) 3 5 G HG KJE /N AR f

(3) 50MW K9, 24 HEMR 35 2 190m?/s B, 2% HENH 16
HEMRROR B AT A 2 100%, JLT- DRk T AR < | 4
TOHE o ARSERE I HE G &, W) R BER T s S HE I i B
fIET KAL) TAERLSE . Bk, DAHENE 22 55 0 HEAR 203 A 400 45
BE AE/NT 190mYs,
24 THEE2mSELMEERE

3MMAREE, BIENITEE L 2m & A1 hE
UL D R AT

i R TR SOMW I, ASRHEG & T WSk e 5 17
238 2m R B AL B UL R Bl PR R Ak i 2 ET A

(1) X B HEAR T, 2m ) 3 Ak 68 UL B A KCUE S s 2
SRR A3, AU 1] P9 300 HE A 1 T 5 B Y BE G AR E R
Bk JE AR AN WD 2m o B2 AL RE UL B % 0 % 5 HEAR s 4T
BEAb 2m i AL B8 UL Szl B T, U B AR A B A A
HEAR AT I BP9



] lemik —®
B SR 2012,30(15) B %1 X (Articles) ﬁ‘
30~ 30~
25 25
20 20F
= E
E a, . )
g B "'ﬁ\'v-/l \—\M;ﬁl 515 AM\V‘*J
L T 10}- ’
| | |
Lo LD RRR L I, I, & & &
=300-240-180-120-60 0 60 120 180 240 300 7(1];0972407]307129 —60 0 60 120 180 240 30
5 ok 5 B/ m 55 ¢ 5 B 4 /m
(a) @=124.37m?®.s™ (b) @=130m?3.s~"
30 30
25k 25¢
= o : : E 20F b ﬁi\ g
.ﬁ( [ = P-! \l } )
2I5F = A i . ;;_. ] 1 S
# ¥ v |
10 \ ] |
St 5k g
=] o [=] (=] [=] [=] o (=] o o @ a
L, L, L R R, R, L L, L R R, R,

0
=300-240—-180-120 =60 0

60 120 180 240 300

Lk R R /m
(c) Q=140m?®-s™

0 -
—300-240-180-120 —60 0

60 120 180 240 30
L5 5 B B /m

(d) Q=150m?*-s™

30 300 30,
25t 25t i 25k i . ﬁ
: ._ i Py
£ . Y A el fi Al 7 s ol i i i
© ik Iy = 4 Ji. = L ] !
-l f]‘ 1 I =2 jn\'.ﬁ | Fa = f;.__q ,_;5\‘ 'ﬁwc"i
Rk { asd 2 15 d A Rsp || W e L
2 i % v V[ | 2 \J
]0—-------——-----——-----——--I ——————————————————————————— T | 10|
5k Sk sk
) LG RRR B L kR DLLRRR
| L L L L I I L L ] 0 1 1 I 1 1 L 1 ] T T S L L 1 |
—300-240—180-120—60 0 60 120 180 240 300 —300-240—180—120 —60 0 60 120 180 240 30 —%un—gdo—m[)—u(] —60 0 60 120 180 240 300
5k 5 B B m L o 5 2 /m 5 4k B B5/m
(e) Q=160m3-s™ (f) @=170m?®-s™ (g) Q=180m3-s~"
_ 30p a
30 " 'ﬁ “ 30 J"'I-.\ f"r—\ ~
1 sl ; f Iy / i A
S A B W ) L1, oy
’ . L . ] l & Y "\ﬁ:’ !
I £ Al ] \ia ! i b
£ I f i /‘/ J \ 1 l = ke ; I
£ | 3 i, b= ‘\\‘U E
EIS- f A MAS =I5k J ‘é 15k
L | R EEE PP [ T | B 10} l
r =] [=] o = o a Sr =] =] [=] =] =] =] 5t a =] a =] = [=]
L, L, L R R R L, L L R R, R L L, L R R R
(] 1 L L 1 L 1 1 1 L ] G Il 1 1 1 1 1 1 Il L ] 1 L 1 1 1 1 1 1 1 J
—300-240-180-120 =60 0 60 120 180 240 300 ~300-240-180-120 -60 0 60 120 180 240 300 —%00—240430—]20 —60 0 60 120 180 240 30
SRR &5 K B B /m 5 KA EE/m

(h) Q=190m3-s™

(2) & T8O R A S ML 6—10m ¥ F 48 WAL T
10m , 5 2 1) 795 MU oK U5 10m i L A0 BE UL 44 /&5 T 10m , 4%

(i) Q=200m?-s™"

B3 AEHHEETTEELT 2mEELELEST
Fig. 3 Visibility distributions at 2m high of road with different exhaust rates
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Table 4 Smoke spread distances with different exhaust rates
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