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On-site Application of a Vehicle Tunnel Ventilation Simulator
Chang-Woo Lee and Hyo-Gyu Kim

Abstract. Introduction of new design tools has been required to optimally design and operate the ventilation
system of long vehicle tunnels. The demand has led to wide spread use of the simulation technique throughout
the world to analyze the dynamic relationship among the variables associated with vehicle tunnel ventilation.
This paper aims at performing on-site study at local tunnels to test the applicability of NETVEN, a simulation
model of vehicle tunnel ventilation. The study was carried out at four urban as well as highway tunnels
employing different ventilation systems as well as traffic methods. There were some discrepancies found between
the simulation output and measurements and the following four factors are considered 1o mainly cause those
disagreement. (1) The real situation shows distinctive transient and retarding characteristics with respect to air
flow and contaminant dispersion, while the steady-flow assumption is made in the simulation model. (2) Contrary
to the steady-state simulation logics, the measured data are instantaneous and their variation is relatively high.
Most of the variables associated with ventilation forces are not steady-state and in particular those traffic and
climatic variables show significant instantaneous variation. (3) Near the exit portal, the CO levels show bigger
differences. The general trend is that data with higher CO concentrations carry bigger discrepancies. Turbulent
diffusion is thought to be the main reason for it and also contribute to the fact that the highest CO concentrations
are found at the locations somewhat inward, not at the exit portals. (4) Higher traffic rate results in higher
discrepancies of ventilation velocity. Along with the exhaust characteristics, the vehicle aerodynamic
characteristics need to be studied continuously in order to reduce the velocity disagreement.

Keywords: tunnel ventilation, simulation, turbulent diffusion, ventilation force, exhaust characteristics, aerodynamic
characteristics
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Table 1. Specifications of the tunnels studied.
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Tunnel l(?ia;;;ﬁie; (Jigaig 321;) (Morell3 iy S:Ezgam) An-min
Study period 1998/6/17~18 1998/6/15~6/16 202(?8/?{)9/’170191’ 5/51 4 2%%%%’21”1%?8
Location Kuma Highway Busan Busan Jinhae-Changwon
Length (m) 1,360 1,860 2,340 1,818
Grade (%) 1.8 1.02 1.8335
Cross-sectional area (m®) 60 53.315 51
No. of lanes (lane) 2 2 2
Traffic direction uni uni bi

Ventilation method Longitudinal with jet fans

2 axial-flow fans,
Y3000 (320 kW)

Ventilation equipment 22 jet fans, 1030

semi-transversal

semi-transversal semi-transversal

6 axial-flow fans, W3000
(4,160 kW fans, 2,370 kW fans)

3 axial-flow fans,
Y2400 (160 kW)
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Table 2. Input variables for simulation.
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Fig. 1. Ventilation Networks Constructed for Simulation.
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Data Groups

Associated Variables

Tunnel branch data
(input by branch)

+ branch no. + start node

Network data
- end node * branch type (tunnel, duct)
- length * cross-sectional area

* hydraulic diameter

Data for network - elevation at end node
characteristics - no. of lanes (basic direction)
+ Darcy coeff. of friction

- shock loss factor at end node

- elevation at start node

- portal directions

* no. of lane (opposite direction)
- shock loss factor at start node

+ shock loss factor at junction

o + installation no.
Data for ventilation

equipment

jet fan .
+ discharge rate

- efficiency
- discharge velocity

axial flow fan + fan name

* characteristic curve equation

Data for traffic - vehicle speed (basic direction)

characteristics + traffic rate(basic direction)

+ vehicle speed (opposite direction)
+ traffic rate(opposite direction)

. - smoke level at portals
portal pollution
+ NOx levl at portals

+ CO level at portals

Traffic data

+ percentage of empty vehicles

- vehicle composition (car, small bus, large bus, small truck, medium truck, heavy goods truck, tanker)

Weather outside
portals

* atmospheric pressure

* dry/wet temperature
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Table 3. Main input data for simulation at Dal-sung Tunnel.

Traffic-related variable

Vehicle speed (kmv/h)

80

Traffic rate (veh/h)

821

Vehicle composition car smal] bus

Large bus

Small truck Medium truck Heavy goods truck  Tanker

(%) 38.8 132 11.8

12.5 13.8 9.9 0

Ventilation Equipment

Ventilation rate (m’/s)

10 jet fans (jet flow 25.25 m’/s, jet velocity 27.79 m/s)

Wind velocity at portals

Inlet (m/s)

Outlet (m/s)

1.8

1.8

el el /M E A Fig. 1(a), 9H3 74 7%
2o AE s DS PR FHE T WY
Bl 79 Fig. 1(0)s 22 WEND Fei= A8
ol &t AlEgolAAdl Ha gk o AU A5
Table 28} 7o) B Bl'd 77}, 2%, 714 3 (a2
o= gt

el F71otd B4 F W1 AR 71
AT Ml i Fga S 2 A IEER
1235718 AA 7150 AAE 28} 231 m’, B
2} 7.11 m's 4 g3t

0
rlo
oft

4. N g2fjo]d Zdztete| vim

4.1 SHE{'d

EETRIE0] 36.2%E 0|23 B2 Hel DA
Me 2% 9 7iddse] "t gls 1998d 69 18
A 15:15~15:30 158 B¢ Ed A 737t 23 37
&5 9 2PEd g ZHAAE A g £
At

T 2 95 7)4PHS G- Table 390 B stg o
B A7kl 4% #7145 2 o v BE 3%
# Bl A3 Fig. 29 390 wlwslgrh B8
BdolA] ] 7Y 9T 42 7)Ao FFo2 283}
= FEow oRoM YR gdhe wEkg 2
L=

4.2 8HEY

EHEES) AHEEY JE A5 AYd dF=
3 AxE gd AA delo] uigt &40] o]FR
1998 62 159 16:00~18:00 A7 o] AES 4
o2 AEyelstdnt pEFe] 32 Heln gy
e o g Adol He 65 kmvhell Exbg A

i

90

7.5

»

80 L] L] n . [}

00biiﬂ000‘0002000000‘0080000
L] L 28 LR ) L] L

45 a (]
[

AIR VELOCITY (m/s)

30

& MEASURED |
| 0 SMULATE |

00

) 250 500 750 1000 1250 1500
DISTANCE (m)

Fig. 2. Measurements vs simulation results of air velocity
along Dal-sung Tunnel (1998/6/18 15:15~15:30).
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Fig. 3. Measurements vs simulation results of CO level along
Dal-sung Tunnel (1998/6/18 15:15~15:30).
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Table 4. Main input data for simulation at Whang-ryong Tunnel (1998/6/15 16:00~ 18:00).

Traffic-related variable

Vehicle speed (kmv/h) 61
Traffic rate (veh/h) 1,272
Vehicle composition(%) car small bus Large bus Small truck Medium truck Heavy goods truck  Tanker
73.7 8.1 23 6.8 4.0 S 0

Ventilation Equipment

Ventilation rate (m’s)

Flow rate of 2 axial-flow fans: 160

Wind velocity at portals

Inlet (m/s)

Outlet (m/s)

-0.19

-0.19
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Fig. 4. Measurements vs simulation results of air velocity
along Whang-ryong Tunnel (1998/6/15 16:00~18:00).
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Fig. 5. Measurements vs simulation results of CO level along
Whang-ryong Tunnel (1998/6/15 16:00~18:00).
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Table 5. Main input data for simulation at Baek-yang Tunnel.

Wind velocity at

Observation TI:fff:‘lc \;;}::Z;ée Vehicle composition (%) portal (ms)
tme (veh/h) (km/h)  car Sg‘;asll l:ie frrzil m;ﬁlcl;(m heavu};lgzods tanker  inlet  outlet

2000-09-07 13:15 720 83 67.78 10.56 0.56 16.11 2.78 1.67 0.56 -0.43 0.62
2000-09-07 15:15 380 90 66.82 11.82 091 17.27 1.36 1.36 045 0.03 047
2000-09-07 16:15 912 79 69.30 12.28 1.32 13.16 2.63 0.44 0.88 0.33 0.28
2000-09-07 18:45 2008 93 68.13 15.14 1.39 14.14 1.20 0.00 0.00 0.55 0.15
2000-09-15 11:15 748 93 66.31 11.23 0.53 16.58 1.07 1.07 321 -0.39 -0.18
2000-09-15 14:15 792 90 66.16 12.12 1.52 16.16 2.02 1.52 0.51 -0.37 -0.13
2000-09-15 18:15 1324 81 75.83 7.55 0.30 14.20 2.11 0.00 0.00 -0.71 -0.05
2000-09-23 11:45 760 100 66.32 10.53 1.58 15.26 2.11 2.63 1.58 -0.04 0.09
2000-09-23 13:15 1016 94 73.23 8.27 0.39 12.20 3.15 2.36 0.39 0.25 -0.09
2000-09-23 15:15 1112 84 74.82 5.04 0.36 15.83 252 0.72 0.72 -0.16 -0.01
2000-09-23 19:15 1880 82 69.15 11.70 0.64 14.68 2.55 1.06 0.21 -0.17 0.00
2000-10-11 13:15 576 96.3 5208 20.14 1.39 18.06 5.56 2.78 0.00 0.25 -0.23
2000-10-11 19:1S 1876 816 6418 2090 0.85 11.30 2.56 0.21 0.00 0.73 0.10
2000-10-12 09:45 864 91.6  60.65 12.96 1.39 15.28 1.85 7.41 0.46 1.35 0.78
2000-10-12 11:45 648 942  48.15 2407 0.62 17.28 4,94 494 0.00 0.14 -0.94
2000-10-12 17:45 1320 89.1 60.00 2091 1.21 11.21 545 1.21 0.00 1.39 0.32
2000-10-13 13:15 792 89.9 4646 2020 1.52 20.20 5.05 6.57 0.00 -0.88 -0.24
2000-10-13 17:15 1220 90.5 5672 21.64 0.66 18.03 2.30 0.33 0.33 0.07 1.36
2000-10-13 19:15 1776 786 6126 2297 045 13.51 1.35 0.45 0.00 0.50 0.53
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Fig. 6. Measurements vs simulation results of air velocity at
Baek-yang Tunnel (2000/9/7 ~10/12).
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Fig. 7. Measurements vs simulation results of CO level at
Baek-yang Tunnel (2000/9/7~10/12).
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Table 6. Main input data for simulation at An-min Tunnel.
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Traffic Vehicle

Vehicle composition

Wind velocity at

Observation L (%) portal (m/s)
time Direction  rate speed 1 T— o
veh/h) (km/h ) smal arge  sm medium eavy .
( ¢ ) car bus bus truck  truck goods truck tanker Changwon Jinhae
To Jinhae 408 67 7255 1078 098 6.86 392 3.92 0.98 0.63 1.93
2000-09-27 T
16:15 N 448 48 6339 1518 089 1339 357 2.68 0.89
Changwon
To Jinhae 172 65 3953 1860 233 2326 11.63 233 233 -0.47 0.56
2000-09-28 T
12:45 N 368 59 6196 1196 326 1196 435 435 2.17
Changwon
To Jinhae 404 66 5941 1287 099 11.88 693 6.93 0.99 1.90 3.29
2000-09-29 T
13:45 ° 360 50 7000  6.67 1.11 1333 5.56 333 0.00
Changwon
To Jinhae 672 63 79.17 1369  0.60 5.95 0.00 0.60 0.00 2.87 2.11
2000-09-29 T
19:15 0 412 49 7961 777 1.94 6.80 0.97 1.94 0.97
Changwon
To Jinhae 552 65 7391 870 0.00 6.52 435 3.62 2.90 -1.95 2.06
2000-09-30 T
14:45 o 564 55 7234 780 000 1064 284 426 2.13
Changwon
To Jinhae 476 65 6555 840 084 1513 336 5.04 1.68 2.12 -0.25
2000-10-06 T
14:45 0 424 55 69.81 849 094 1132 472 472 0.00
Changwon
To Jinh: 476 69 . 1261 084 1597 1.68 7.56 0.84 2. .
2000-10-07 o {lin ae 60.50 2.60 242
11:45 0 456 50 5877  9.65 263 1667 0.88 9.65 1.75
Changwon
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Fig. 8. Measurements vs simulation results of air velocity at
An-min Tunnel (2000/9/27 ~10/7).
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Fig. 9. Measurements vs simulation results of CO level at An-
min Tunnel (2000/9/27~10/7).
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