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Complementary ventilation modes of extralong highway tunnel
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Abstract: A ventilation calculation model of complementary ventilation system for highway tunnel
was established, its calculation program was designed, and the operation modes of
complementary ventilation system for Dabieshan Extralong Highway Tunnel were studied. Full-
jet longitudinal ventilation mode, single U-type ventilation mode and double U-type ventilation
mode were put forward, and their conversional control conditions were analyzed. The functions
of two cross ventilation passages in the tunnel were studied. The pollutant concentrations in the
operational state of the tunnel were tested and compared with the result calculated by the model.
Analysis result shows that the operation modes of complementary ventilation system for
Dabieshan Extralong Highway Tunnel are flexible and practical. When the traffic volume of

uphill tunnel is less than 11 500 pcu » d', full-jet longitudinal ventilation mode is used only.
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When the traffic volume is within 11 500-14 100 pcu *
only. When the traffic volume is within 14 100-18 255 pcu -

d™!', single U-type ventilation mode is used
d™!, double U-type ventilation mode
is used. The main function of cross ventilation passage near to the entrance of uphill tunnel is to
reduce the ventilation volume and speed of uphill tunnel, while the main function of cross
ventilation passage away from the entrance of uphill tunnel is to reduce the pollutant
concentration of uphill tunnel. When double U-type ventilation mode is used, the ventilation
volume of cross passage near the entrance of uphill tunnel reduces, which results in that the
energy consumption and operating cost of ventilation system decrease. The absolute values of
relative errors between the calculation result and the test result are less than 10%, so the
proposed model has high precision and can be applied to the calculation of complementary
ventilation. 15 tabs, 4 figs, 21 refs.
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Fig.1 Complementary ventilation system
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Fig. 2 Pollutant concentration distributions
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Fig. 3 Ventilation calculation flow
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Fig.4 Entrance of Dabieshan Highway Tunnel
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Tab. 1 Forecasted traffic volumes
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Tab. 2 Traffic compositions % Tab. 4 Traffic volumes veh « h!
s BE e o EGy | NEE | RPEE | M iR RBLE | {4
3 (5] il

INB R IR R NGRS 4 | R e 2011 184 24 94 62 57 15
2011 30.5 7.6 15.6 20. 3 18.8 7.2 100 2015 270 32 129 71 79 22
2015 | 33.0 7.7 15.7 | 17.0 | 19.0 7.6 100 2020 403 46 183 84 112 31
2020 34.9 7.8 15.8 14.3 19.3 7.9 100 2031 798 90 373 123 216 58

2031 | 36.4 8.1 17.0 | 11.1 19.6 7.8 100
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Tab.3 Peak period traffic volumes
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Tab.5 Computational result of air requirements m? e s !
JEAT LR/ Gom « 1) ,
M| AR KRB | B
10 30 40 50 70 80 100
2011 147.08 116. 77 115. 45 180. 16 150. 14 209.79 232.88 250. 82 204. 92 279.37
2015 185. 38 171. 75 169. 80 264.98 220. 82 308. 56 342.52 368. 89 204. 92 279.37
2l
2020 242. 36 192. 42 190. 24 296. 88 247. 40 345.71 383.76 413. 31 204.92 279. 37
2031 376.08 298.58 295.19 460. 67 383. 89 536.43 595. 47 641. 32 204. 92 372. 20
2011 87.19 64.19 60. 18 61.33 .11 54. 06 47.70 51.38 204. 92 278.97
2015 108. 48 80. 17 74.87 77.30 .42 68. 14 60. 12 64.75 204.92 278.97
AR
2020 137. 20 104. 81 94. 69 101. 07 4.22 89.09 78.61 84. 66 204. 92 278.97
2031 210.02 162. 63 144. 95 156. 82 130. 69 138. 24 121.97 131. 37 204. 92 278.97
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Tab. 6 Short-term and long-term air requirements 4 E- %I\ Etﬁ ml& Eq 125 *Eit
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Tab.7 Ventilation design result
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420 420 1500 100 3 300

1500 100 3 300 240 240
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Tab.8 Maximum traffic volumes of single tunnels

%34/ (km -« h~ 1| 10 | 30
Je S Bt/
(10* peu = d 1)
ey
(10* peu+d™1)

PTG e I S L TR ZE R R T B B

RSO PAN: 5

BTF 27 e U B AR R R — B 22 i

B LRGA 2 MR, — AL TS PR LR A

B A LR O G bR, S Y W v B A Y T

KB » B A BRI 2 O A ARG B 2k g T

975 e o I AT LR B R RR A AR B A

o B A 3 ) b 7 2 oG B K I g 58 0 kL L6 9.

RSV A D 420 m* + s, AR BROE B 3E Y R

HEAE L 8 m e s, BRTE W BN 68. 3 m” L UM

A BRIE A TE SO ik 9 U B KO 126 m? e s

I AT DUB 22 R A AR T5 G 1 e 2 s 30 A% It

2 B T RAT R AR 10,

RO B RATRMKEL R AR
EEEELEE

Tab.9 Traffic volumes of left tunnel when pollutant concentration

40 | 50 | 60 | 70 80 100

1.9612.47(2.49(1.60(1.92|1.38| 1.24 | 1.15

3.51(3.97(4.24(4.70]5.64]5.34| 6.04 | 5.61

reaches the maximum at point B

i/ (km e h™1) | 10 30 40 50 60 70 80 | 100
A E R/
(10" pcu+d™1)
R0 AR FRYRELINRTAR
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Tab. 10 Traffic volumes of left tunnel when pollutant concentration

2.8413.5613.60(2.31(2.77|1.98|1.79|1.66

reaches the maximum at point A

g/ (kmeh™) | 10 | 30 | 40 | 50 | 60 | 70 | 80 | 100
JER AL/

(10* pcusd™ 1)

2.45(3.11(3.15]1.98]2.40|1.69|1.51|1.41
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W) Ky 28 327,29 995,32 213,33 952 pcu = d ' HY
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Tab. 11  Air requirements of left and right tunnels

with different traffic volumes

i/ (peu s d 1) 33 952 | 32 213 | 29 995 | 28 327
IR E/(m? « s 1) 580 550 510 480
AT NRE/(m? « s D 210 200 190 180

K12 AAXRBEMBRSEBESEMRERR

Tab. 12 Inter-exchanging air volumes and pollutant concentration
indexes with different traffic volumes
A1 At/ Qu/ . . . .
) C C, Cy C,y
(pcusd™b) (m® « s 1)
33 952 238.08 0. 94 0.99 0. 94 0.17
32 213 237.70 0. 89 0.94 0. 89 0.16
29 995 235.51 0.83 0. 87 0.83 0.15
28 327 234.91 0.78 0. 82 0.78 0. 15

HIZR 12 TFR AR AT LIA W R oK 17 .27
I A A [ A S O A R Y R L (R
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P AHFA K T BRE . AT AT RE A 5 08 %
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L AZE & A 28 327,32 213 peu » d7 ' gEFT 4y
e AT X SRR Y, Al S 17 27 A O e
SRR bR B L 13,14,

R 13 ZEEH 28 327 peu - T WS ES S RYREER

Tab. 13 Inter-exchanging air volumes and pollutant concentration

indexes when traffic volume is 28 327 pcu + d™!

MR 9,10 "] LUF . 4 10 oy 523l &/ T
9 M U AL iE KUBE 2 iy 42 ) 2% 1 2 A0 2t B Ak
Y5 G ) v BE 3K B V8, 8 P Y 28 & 3
11 500~14 100 peu » d™ ', 247728 ¥ i 20 it 5
14 100 peu » d 'BF, FF BRI B TR 17 .27 #0EE
T RN U R K
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5.1 HSEHEERYUBIEEER
U2 2 2R SO T R A A U 2 A R R
PR A KU S/ . B SE i AR

Qu/ Quz/

(m® s D(m® « s 1)

C Cy C; C,

0.00 | 229.17 | 0.78571 | 0.793 00 | 0.785 71 | 0.150 44

30.00 | 229.91 | 0.78571 | 0.794 79 | 0.785 71 | 0.150 52

60.00 | 230.65 | 0.78571 | 0.796 89 | 0.785 71 | 0.150 59

90.00 | 231.38 | 0.78571 | 0.799 36 | 0.785 71 | 0.150 67

120.00 | 232.12 | 0.785 71 | 0.802 33 | 0.785 71 | 0.150 74

150.00 | 232.85 | 0.785 71 | 0.805 96 | 0.785 71 | 0.150 82

180.00 | 233.59 | 0.785 71 | 0.81049 | 0.785 71 | 0.150 90

210.00 | 234.32 | 0.785 71 | 0.816 32 | 0.78571 | 0.150 97

240. 00
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0.824 10 | 0.785 71 | 0.151 05
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Tab. 14 Inter-exchanging air volumes and pollutant concentration

indexes when traffic volume is 32 213 pcu *» d™!

Qu/ Quz/

(m® « s DI(m? » s 1)

C C, C; Cy

0.00 | 234.17 | 0.892 85 | 0.908 46 | 0.892 85 | 0. 167 46

30.00 | 234.62 | 0.892 85 | 0.910 51 | 0.892 85 | 0.167 51

60.00 | 235.06 | 0.89285 | 0.912 91 | 0.892 85 | 0.167 56

90.00 | 235.51 | 0.89285 | 0.91575 | 0.892 85 | 0.167 62

120.00 | 235.95 | 0.892 85 | 0.919 15 | 0.892 85 | 0.167 67

150.00 | 236.40 | 0.892 85 | 0.923 30 | 0.892 85 | 0.167 73

180.00 | 236.85 | 0.892 85 | 0.928 50 | 0.892 85 | 0.167 78

210.00 | 237.29 | 0.892 85 | 0.93518 | 0.892 85 | 0.167 83

240.00 | 237.74 | 0.892 85 | 0.944 09 | 0.892 85 | 0.167 89

M 1314 AR A R A DL . A R — 5 E
B Qu X Qu AR/ B 17 15 18 e <
DXUEE 8 38 0 27 480 T8 R 4R AE 230 m e s
ZeAn s 2o A0 SRR 1AL 15 B e B AN AR L R R i
15 UMy B WA T e D DR R Y v R B e A B
T8 AT e M BE A A5 QR AR BRE A
it A7 BE ) AR B3000 R R S 35 A R BE T
Que AR K HL 72 2675 Be e B 5 e 19 25 UM 17
A9 300 3 A AR T D A R R R i Y % ) v R
A BT, i 28 327 peu s dTI L ZE AT T
b5 Y vk FE A5 BR F Ol 0. 786, T KU RE A K 4
Jhasial, sCiltE N 32 213 peu s d I ZE AT LR
AbT5 G W) BE AR AR B TE ) 0. 893, Wit Tl A MY,
17 10 T 8 KR AN S B R XU

6 SEKMEHEHRITLL

2012 AEXE G0 Ly Bk T8 HEAT T a5 A XU, D
A R] ) L B T8 e R -2 58l i 1473 peu s d '
FZ A 1652 peu = dt, RE A 2 £ RN A58 20
BT R U AL R S L 22 A 4 I T N AU Y
420 m* o sTh, 2 ZR R AORE G GE N X i B
240 m® o s L REREIFELE R C, M 0.058 33,.C, N
0.061 69,C; 4 0.058 33,C, 2} 0.010 93,5t CO %
TR R TR 8O O 2. 5 X107, VI &3k & GE
DR 7.0X10° mo L IR 25 SRR R T R4S
W3 15,

H1 2% 15 A AL, SR AT 2 b 07 8 4045 1 5 e W ik i
e — B0 AR U 22 (9 4 X 2 /N T 1000 B UE T R
FPH R R AT S . AR T O 4 SR AN G R
A 22 5 DR 22 T REOR I T SL bRz Bk B v, A s

RIS SRUREI L

Tab. 15 Comparison of pollutant concentrations

CO A 8L/ Wk | 14.00 | 15.00 | 14.00 | 3.00
10°° BF | 14.58 | 15.42 | 14.58 | 2.73
AT R 22/ % 4.1 2.8 4.1 —9.0
VI B R/ HIR=Y 3. 90 4.10 3. 90 0.70
107 m™! f2daz 4.08 | 4.32 | 4.08 0.77
AT R 22/ % 4.6 5.4 4.6 8.6
T X5 RS 1 T G W TR B A I R T T O A AN AT
o
7 éﬁ Ta

(D B ARG K 7840 A T SR B &
A3 AR 1 F T Bk g P AR e B R 1 s SR A L
Sl Bk () B I R T N T e s SHE AT B BRI
REN AT T IR A RUR P T 5~7 km ik iH
(1438 IR T A0, 230 R SO T 15 A B KL
R T 30 XU 2R S AT, L 3t T i 3 I

(2) Fb 5 Ry 2T A i K AR A L2
BRI R P, s R TR A
o R N BT Va2 g K I 5 Nl 11 ==
WA 1 24 SR I, R A U AL KB &8
B G K T A O T X A A R R G
A V5 Y VR B 249 A V5 Y W vk JE A B I 7 T
2 3SR S R F W U B A L

(3)2 ZH M AR R, B bR I A
L UMSE W) Bl BRI E S (e PR WA R N
ik T P ) DR o R AU XUHE 5 2 B A 1T 0 ) 46
AR TEL I 1) T2 A T AR XL A7 7 1 B E 9
RGP o SR A U B 5E XU 3\ R fd
2 G5 M 3 48 i R[] E PR IE S R SR R B T
PR X S R 0 I T s AT AR i AR B b i T
NSRS IOE SN SR NOE: S S Nl i
2 KT 2 e N BERE B AKE B R .

(4) 1 4h X R 38 X5 A mT LA fil5E KUY
b o5 8 5 TN SR T R T R R N 4 2L T LA
Xt 41 A i R ik — 2B T

S % W -
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