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ABSTRACT: For a long road tunnel, a tunnel ventilation system may be used in order to
reduce the pollution level below the required level. To control the tunnel pollution level, a
closed loop control algorithm may be used. The feedforward prediction algorithm and the cas-
cade control algorithm were developed to regulate the CO level in a tunnel. The feedforward
prediction algorithm composed of the traffic estimation algorithm and the CO density predic—
tion algorithm, and the cascade control algorithm composed of the jet fan control algorithm
and the air velocity setpoint algorithm. The verification of control algorithms was carried out
by dynamic models developed from the actual tunnel data. The simulation results showed that
control algorithms developed for this study were effective for the control of the tunnel venti-
lation system.
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Fig. 1 Tunnel CO dynamic model.
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Table 1 Weights for the tunnel CO dynamic model
Wlii
3 i 1 2 3 4 5 6 7
1 5.67 -3.26 2.25 2.60 —10.13 11.71 -6.79
2 1.62 —3.38 0.56 355 2.98 -3.39 198
3 -3.14 4.35 3.51 —7.81 —-1.10 2.21 0.20
4 0.89 0.55 1.88 —-375 —4.04 2.02 3.11
5 0.83 0.84 0.84 0.78 1.02 1.03 0.95
6 31.07 7.01 742 741 30.45 —9.98 —32.62
7 518 —481 493 —4.69 3.98 —4.24 3.65
8 2.79 ~-1.17 342 —4.32 ~3.29 1.69 231
9 —3.67 452 10.47 10.35 —-19.52 20.97 ~19.69
Woin
Kk b1 2 3 4 5 6 7 8 9
1 0.55 0.36 0.82 3.70 3.57 2.50 —0.73 —1.34 ~1.12
2 28.84 —1304 | —-812 | —1342 9.47 —3142 | —365 1.22 1.47
3 -0.32 6.10 4.60 9.12 —265 0.38 2.43 ~155 | —049
Wani
: k 1 2 3
1 -2.62 8.11 10.73
Table 2 Biases for the tunnel CO dynamic model
by
i 1 2 3 4 5 6 7 8 9
1 1.52 —2.36 1.60 1.40 2.84 —1588 | —451 —1.71 | —15.98
by
j 1 2 3
2 5.27 9.92 -7.16
bss
k 1
3 —418
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Fig. 2 Tunnel CO density control algorithm.
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Fig. 3 Traffic estimation algorithm.
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Table 3 Weights for the traffic estimation algorithm
Wlii
1 1 2 3 4 5 6 7
1 —29.59 ~-2.36 —49.17 42.10 —47.69 47.34 4894
2 —0.18 0.15 —0.00 0.14 —0.16 0.41 —0.52
3 3.42 0.39 —2.27 —4.29 -9.33 —457 1459
4 53.96 —11.99 8.75 —40.89 24.21 —74.63 53.93
5 —3.82 —11.18 —10.27 1.02 7.02 1.11 —6.08
6 -1.74 7.99 ~7.34 2.17 —3.42 7.98 —2.01
7 —0.03 3.82 —6.63 1.33 2.01 —5.36 577
Wik
] 1 2 3 4 5 6 7
1 —0.13 -3.16 —3.17 -0.27 2.38 —047 -0.85
2 =022 —16.18 19.03 -0.55 2074 =227 —64.64
3 —0.04 —1.24 —0.91 —0.08 312 —0.12 —0.26
Wan
k 1 2 3
1 —28.28 16.20 90.95
Table 4 Biases for the traffic estimation algorithm
by
! 1 2 3 4 5 6 7
1 —64.71 0.95 —-3.35 —51.07 0.59 —7.11 —4.45
by;
j 1 2 3
2 5.27 9.92 —1716
b
k 1
3 —4.18
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Fig. 4 Traffic estimation results.
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Fig. 5 CO density prediction results.

Table 5 Average number of cars in tunnel

Sj Passenger car | Passenger car Truck Truck Truck
1€ (Small) (Large) (Small) (Medium) (Large)
Cars/min 05 0.9 2.8 4.0 11.3
o & Aes BHE F HZA xS Table 6 Average speed of cars in tunnel
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41 T=Ex9c o 22| E5e oF Ms 42 Eld AMSIES 53 Mo 22 F
Hol M=
VEXYE & dugFS HIW ULEFE
2R F 9 IEF FAH d1eH +34 HY di3lgs ¥ Xﬂc’] ‘Q"’ﬂ—?f’—] Ass
DEFL ALY HEU diAdeEie v:EE AEsr dste AvHslAlg TRt £
d&d £ Jde didgexr FE AdF duS 71 2508 FoF dAtgga %E-g 29ppme 2 A
2 FA= ok gi#TH AS5E DA F44 AEAtrt 250% o] F 24ppme2 AHAHA
=% 1101513 ol g3dle] NEF FH LuIYE t}, Al EY ol YE 22 Table 5% Table 63

3 539 68 Fo %
25 A0S v A7 Fig 49 Ve

o

v

g AgRRet A%
)

Weld glen, aglA mEol e 3
&+

-‘l

o] 0.l4carm/h o2 Z <&FH1n Y& A

gad + gurh =%, d3E TEAFHA
g2 Al gdte] dastes FE 45 ¢ugE e
BE o229 68 Fo YiAsetx =G A5H
A A FEE W FA#H Fig 54 YE
olA glow OPeld BEo] Adexte] B
o] ¢ 05 ppm °JWE ¥|nF & «&HI o]
AExHdE o gngdFoz HE3 ALY F
AL FA3A L

2L gy nEFY JF AFESE A9ge
o g Ao Aol AL EME g3 A
Ag 2% wEFd o 7%, distesr T
tial Ao 05ppm, BEW F&5 Hd 02nv/s
ol oolo 9)&E& 7t Fig. 6% Fig. 7&
Hy gatsted ¥ Ao daFd A4 A
o] AxE RAFET Ydre o] ditzte
A 5 AARE FAoz Hexte #Huo
01llppme 2 Ao AEH 7M5dsE &
A JE5/AAN fol F AAHNSE ¢ F
AT

Hd dislgd 3T Ao dugEFe] 4 A



CO density{ppm)

Jet fan{ea)

& Unified traffic data{car m/h}

FXY
)

¥

fy(ppm) & Alr velocity(

€od

th

w

[

i i i : i i
100 150 200 250 300 380 400 450 500
Time{rnin)

Fig. 6 CO control results.

¥l
g
8
8
8

i i i
160 150 200
Time(min)

Fig. 7 Operating jet fans.

Tima(min)

Fig. 8 Measured data.

ZAEst7] S8 W@ SEd A5

g.8% 2 dAsEh FTE, HIW FF

AHEE Bl @7) Ao gae

al

1041

¢ | & Uncontrolled data
i | == Controfled data

n

€O density(ppm)
£

Time{min}

CO control results ;cascade control al-
gorithm.

Jet fan{ea)

..........

Fig. 10 Operating jet fans; cascade control al-

gorithm.
WEFE L3l FE Ao ¢ FUe AL
¢ ALE JFo= F HY disigd FE A
o ¥nege 4 45 ANge FHA.

Sl
Fig. 95 Fig. 10 A3 Ao ¢uydEHE A4
g Ao tiE Ao AE BAFET adA
HZo] gatsletd & HAHE 7oz A
e xte] Hito) 042ppml.E H|EZF & Aoy
gon 5008 ¢ AEW FF JF diFe
12.7d/min°) §it}. Fig. 113} Fig. 12+ B9 YAt
st Aol 4nYFS AHET Aol W A
o] AIE HAFET YA RZo} Yitsie
A FEE AAFE 7IEoR HY oAt HFo)
043ppme 2 vjud I A= ow 5008 %
e AEH HF M dFE 9.8U/minl 2 A
2E Aol ¢uIAFTUVL ALET F S Bl WA



1042

i i + Uncontrolled dala
: H H H H e Controlled dala
4 S— foesnne foovrend reanes poenea [ i

CG density (ppm)
-~

180 200 250 300 350 400 45) 50

Time(rnin)
Fig. 11 CO control results; the tunnel CO den-
sity control algorithm.
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Fig. 12 Operating jet fans; the tunnel CO den-
sity control algorithm.
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