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Simulation Modelling of the Pollutant Concentration in Vehicle Tunnels

Changwoo Lee, Woncheol Yang and Songhee Lee

ABSTRACT The goal of this study is to develop a simulation model of the pollutant dispersion
in vehicle tunnels, which can be utilized to optimize the tunnel ventilation system. Contaminant
dispersion is modelled using a FDM solution of advective diffusion equation. Taking into
consideration the local vehicle emission rates by year, it is user-oriented and its logic is
generalized. Therefore, differences in the ventilation scheme can be easily adapted. The results
of its application to a urban tunnel show that the relative errors are 1.1~6.8% for the natural
velocity, 1.3% for the traffic-induced velecity and 2.9% for the total air quantity. Simulated CO
concentrations along the entire tunnel show about 13% of the relative error.
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Table 1. Vehicle tunnel ventilation simulation models

Developer Year Characteristics

Schlang, R.N,, et al 1979 fire simulation

Kumar, S., et al 1985 longitudinal ventilation simulation with
slip roads

Velde, K.T. 1988 fire simulation with considerations of
radiation and illuminance

Kumar, S., et al 1988 fire simulation in a down-grade tunnel

Nakamura, N, et al 1991 ventilation simulation

Jacques, E.J. 1991 ventilation simulation

(Univ. of Catholic Louvain)

Ferro, V., et al 1991 ventilation simulation

(Torino Politech)

Casale, E., et al 1994 ventilation simulation

Rhodes, N. 1994 fire simulation

Bettis, R.J., et al 1994 fire simulation

Table 2. Comparison of major simulation models

Model TUNVEN model University of Catholic Torino Politech model
Louvain model
assumption 1-D quasi-steady state 1-D steady state 1-D steady state
applicable ventilation longitudinal, transverse, longitudinal longitudinal, transverse,
methods semi-transverse semi-transverse
calculation method for summation of Hardy-Cross iteration Graph theory
ventilation quantity component forces
method for concentration FDM of advective based on exhaust and advective diffusion
prediction diffusion air quantity in each (linear gradient)
section
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Table 3. Prediction of emission rate by vehicle

Oxides of Nitrogen (NOx) (g/km)
Year '90 91 92 '93 '94 '95 2000
Vehicle Type ) )
Passenger Car 1 (0.80) 0.79 0.68 0.53 0.49 0.50 0.58
Taxi 1 (1.01) 0.94 0.89 0.73 0.75 0.77 0.84
B Small-Gasoline 1(1.43) 1 1 1 1 1 1
U Small-Diesel 1 (1.40) 101 1.05 1.05 1.06 1.06 1
S Medium 1 (1.92) 0.98 0.96 0.94 0.91 0.89 0.74
Heavy 1 (15.54) 0.98 0.96 0.94 0.91 0.89 0.74
11; Small 1 (1.48) 1.01 1.03 1.02 1.01 1.01 0.99
U Medium 1 (1.92) 0.98 0.98 0.94 0.91 0.89 0.74
C Heavy 1 (15.29 0.99 (.98 0.96 0.94 0.92 0.77
Motor Cycle 1 (0.11) 1 1 1 1 1 1
Particulate (g/km)
Year , , Qe , | )
Vehicle Type 90 91 92 93 94 95 2000
Passenger Car 1 (0.01) 1.00 1.00 1.00 1.00 1.00 0.00
Taxi 1 (0.00) 0.00 0.00 0.00 0.00 0.00 0.00
5 Small-Gasoline 1 (0.00) 0.00 0.00 0.00 0.00 0.00 0.00
U Small-Diesel 1 (0.37) 1.00 1.00 1.00 0.97 0.97 0.89
S Medium 1 (0.76) 0.99 0.99 0.96 0.92 0.89 0.80
Heavy 1 (2.39 0.99 0.97 0.95 0.91 0.88 0.79
; Small 1 (0.42) 0.98 0.98 0.93 0.90 0.90 0.86
U Medium 1 (0.76) 0.99 0.99 0.96 0.92 0.89 0.80
c Heavy 1 (252 0.98 0.97 0.93 0.89 0.86 0.77
Motor Cycle 1 (0.01) 1 1 1 1 1 0.00
Carbonmonoxide (CO) o B (g/km)
Year , . ‘¢ \ ) |
Vehicla Type 90 91 92 93 94 95 2000
Passenger Car 1 (11.89) 0.73 0.58 0.38 0.27 0.23 0.21
Taxi 1 (6.76) 1.00 0.98 0.72 0.78 0.83 0.97
B Small-Gasoline 1 (6.21) 1 1 1 1 1 1
U Small-Diesel 1 (1.54) 1 1.01 1.02 1.04 1.05 0.68
Medium 1 (2.43) 0.98 0.97 0.95 0.95 0.94 0.62
S Heavy 1472 094 089 0.87 0.84 0.81 0.52
g Small 1 (1.96) 0.99 0.99 0.98 1.00 1.02 0.75
U Medium 1 (2.43) 0.98 0.97 0.95 0.95 0.94 0.62
C
K Heavy 1 (18.59) 0.97 0.94 0.92 0.90 0.89 0.59
Motor Cycle 1 (13.00) 1 1 0.96 0.92 0.87 0.66




F A4k} gh7] du) Soll ofgh £ A2 Qsle] tb
o] oo B4 Fx wsbrt A9 gk whabA At
Z—‘L‘Li Yo7 FFollAe] FHAHRJN FE Y oF =

ﬂ

;g—?_"_ &’ol oTE 19]“‘}-_1_ ]‘DOJF/HEX}'F":Ei
9 37 A AEE sl A sl )

e W 2 gelel SE REE ohE 2 44
§ ol f el A%4S tislstol el 4E §

ré’l

e o 2 siyste] Fote % efgict
_ U+ U, - QAX) +24XS,
B U+U,, | +QAX

Ui : sl kol 4l 2] F4

Qi : i) Ero o) 9l ek

Ci: il #4375 55
Si: i 7ol A 9] 2k ujE e
C: sl 7t 9] B3 W 5%
Sv : 2 wZek

AXEE #7F Aol

3.4 Flow chart
Fig. 1oll419} o] 2¥2) 7|2 flowi= vl €2

L - START T ]
Bl

INPUT
VENTILATION METHOD

ROUTINE
+ INPUT FILE

FORMAT

S, S

[ INPUT j

CALCULATE
VENTILATION FORCE
[ CATCLULATE

VENTILATION VELOCITY

ROAFTING
(() NOx, SM()KE
EMISSION RATE

CALCULATE

€O, NOx. SMOKE CONCENTRATION

[N
CONCEN TRATION
LESS THAN

\ THRESHG 1 D LIMIT?

ROUTINE

TTTGHANGE 1IN ]

_VENTILATION SCHEME

L U{Irr‘]E» ‘]
Fig. 1. Flow chart.

B g3 A1t 61

4] TUNVEN 2elo] 7)&3le] (DEI'E W] #a
7189 AL, (2)0]oll A28 7 A7l gh] &
E A BFE Alte] #4F wicl jet fan, A
71, )7l portr} ¥lde] Ax|A] F7} 2L gh] W4
9] %ol 4 28 el WA jet fan Y AV
49 59 4 28 T ARS8 4 AT routined
Z&kstar gt

4 BE BN A

0

2 ATelA] A 2 1995 shislel g

3700] 1860me] % wgou 48 AEsisct. 7]
Aoz 6 49el 87 st e portet
B #0527 Ao A whke 2 Felke YR
4 37) walg Ak 9em kAL A1Es) T
% A7ehe A4 Eldold). 2] Aleel 548
Table 4.0 Felatlct. ¥ AfolAe 19959 59
2643 79 214 Aol & 33oll AH V44 W ) A
22 24s9d. Y 9% £ 9 52 TOYO
OTAAL2] model TEK-3 £3F F44], e]d W} £
2 KANOMAXA}] model 24-6111 anemometer, 7]
el& THOMMENA}e] model TP-90 barometer,
COxx= KANOMAXALS] model 2323 monitorE
Agotol 2gRect. 9 ¥ mReldE 2ale) g
A HEE COFxdl Agtelgdong v|el 2o £4
of] 33k 7|52 Akt

4.1 AlSdi0|M Z} B

Algdleld RNy FE FEx|o AFxY
vaE 3] SR CO—‘g‘}_:f;— 7NEe g s
ot 53 2814 F4 AI7EA] HES shAl e Aeiod

Table 4. Tunnel characteristic

Hwang-ryong tunnel

Length 1850 m
Cross-sectional area 73.5 m*
Perimeter 340 m
Altitude change 440 m
Wind velocity -0.58~0.77 m/s
entrance exit -0.7~5.5 m/s
Ventilation method Semi-transverse
Traffic method one-way
note : “-” sign in velocity means wind blowing

against the traffic direction.
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Table 5. Comparison of natural velocity

date natural velocity  ventilation quantity
(m/s) (m*s)
simulated calculated simulated calculated
May 26, -0.32 -0.34 23.69 24.90
1995
May 29, 0.95 0.94 70.17 68.82
1995
July 21, 1.65 1.77 12.124 130.21
1995

Talbe 6. Comparison of traffic-induced velocity and to-
tal ventilation quantity

date traffic-induced total ventilation
velocity (m/s) quantity (m"/s)
simulated calculated simulated calculated
July 21
? . . . 420.
1995 391 3.96 408.79 0.94
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Table 7. Average traffic volume (July 21, 1995)
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air velocity at a fixed location.

vehicle type  passenger taxi small bus

large bus  small truck heavy truck total

traiic 438.6 123.6 22.8

90.0 111.6 7.8 794.4




£ 2.9%2] Al 2AHE Helegs A7} efg
A Hol ook g eld W] COFe £E 4%
At @ X 2.2~52.3%0|w HF 13.0%2 Iebke).

B Ao} af e d o) G4k Aistel] vl3e] Fa
& 94 7|49l 3h7] Alaq! AAlol PEE Ao &
Aske] 7127} 59l o sz vlgio]ct.

'}é °E:IL'E- 1994"‘:!5 Q’%Z‘l%zﬁi z}o 251_34'}“ 0{1
H] B 19949 % Eolulehn U Bheral T 2 A <)

k]
k
Mo
e

1. z7bele] 591, 1993, “ZpgAtoll ogt 2dE4 wi&
A 9 elEe ARZellgg A7, 7| B e,
vol. 9, no. 1, pp. 69-77.

2. Schlang, R.N. and T.J. Carlin, 1979,
“Aerodynamics and Air Quality Management
of Highway Tunnels”, Science Application, Inc.,
US DOC NTIS PB 80-143803.

3. Kumar, S. and G. Cox, 1985, “Mathematical
Modelling of Fires in Road Tunnels”, Proce-
edings of the 5th International Symposium on
the Aerodynamics and Ventilation of Vehicle
Tunnels, Lillie, France, pp. B1-61-b1-76.

4. Velde, K.T., 1988, “A Computer Simulation for
Longitudinal Ventilation of a Road Tunnel
with Incoming and Outgoing Slip Roads”,
Proceedings of the 6th International Sym-
posium on the Aerodynamics and Ventilation
of Vehicle Tunnels, Durham, UK, pp. C3-179-C
3-201.

10.

B9 el 63

. Nakamura, N., Ohashi, H. and Y. Kato, 1991,

“Numerical Simulation of Fire Fume Pro-
pagation along the Ceiling of a Down-grade
Tunnel”, Proceedings of the 7th International
Symposium on the Aerodynamics and Ven-
tilation of Vehicle Tunnels, Brighton, UK, pp.
319-336.

. Jacques, EJ., 1991, “Numerical Simulation of

Complex Road Tunnels” Proceedings of the 7th
International Symposium on the Aerodynamics
and Ventilation of Vehicle Tunnels, Brighton,
UK, pp.467-487.

. Ferro, V., Borchiellini, R. and V. Giaretto, 1991,

“Description and Application of a Tunnel Simu-
lation Model”, Proceedings of the 7th Int-
ernational Symposium on the Aerodynamics
and Ventilation of Vehicle Tunnels, Brighton,
UK, pp. 487-512.

. Casale, E., Charvier, JM. and G. Lemaire,

1994, “Tunnel Ventilation System Modelling”,
Proceedings of the 8th International Sym-
posium on the Aerodynamics and Ventilation
of Vehicle Tunnels, Liverpool, UK, pp. 69-81.

. Bettis, R.J., 1994, “The Use of Physical and

Mathematical Modelling to Assess the Hazards
of Tunnel Fires”, Proceedings of the 8th Int-
ernational Symposium on the Aerodynamics
and Ventilation of Vehicle Tunnels, Liverpool,
UK, pp. 439-470.

Rhodes, N., 1994, “Review of Tunnel Fire and
Smoke Simulations”, Proceedings of the 8th
International Symposium on the Aerodynamics
and Ventilation of Vehicle Tunnels, Liverpool,
UK, pp. 471-486.



