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ABSTRACT

In this study, the possibility of application of TUNVEN model was investigated
through the validation and calibration processes. In order to validate and calibrate the
TUNVEN model developed in USA to obtain prediction of the quasi-steady state
longitudinal air velocities and the pollutants concentrations by solving the coupled
one-dimensional steady state tunnel aerodynamic and advection equations.

The major input parameters such as the concentration data for CO and NOx.
meteorological data and traffic volume in Hawngryung tunnel were measured. Prior to
preparing the input parameters, the sensitivity analysis was conducted to identify the
input parameters which need to be most accurately estimated in TUNVEN program. In
order to establish the relationships between the model values and the measured values,
the linear regression analysis was applied. In linear regression analysis. the model
values were taken as independent parameter(X) and the measured values were taken
as dependent parameter(Y) for four cases of data sef. From the results of linear
regression analysis, the correlation coefficient(r) for four cases were calculated more
than 0.91 and the values of slope and interception were analyzed as 0.5~ 2.2 and 0.01
~ 2.3 respectively. From the above results, we concluded that the suitability of
TUNVEN model was identified in prediction the longitudinal pollutant concentrations
in tunnel.
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Physical characteristics of tunnel

Section data

Traffic & External data

Total length No. of sections & zones Vehicle no. in each direction
Area Length Drag coefficient
Perimeter Altitude change Average vehicle area

Altitude at entrance

Inflow ventilation rate

Percent truck (%)

Entrance coefficient

Outflow ventilation rate

Portal wind data

Exit coefficient

Vehicle speed in each direction

Ambient pollutant levels

Friction factor

Inflow ambient pollutant levels
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Table 2. Range of variable input parameter for sensitivity analysis

[tem Input parameter Fixed value Variable value
drag coefficient 0.52. 0.54, 0.6
average vehicle area 20(ft?) 22. 24, 26
Vehicles data
vehicle speed 40(mph) 44, 48, 52
car ratio 2000(vph) 1000, 1500, 2000, 2400| Sensitivity
coefficients were
perimeter 100(ft) 90. 110. 120 calculated at
Physical | /00t ventilation rate | 200(KCFM) 150, 180. 220 each 500(ft)
characteristics . distance for
of tunnel tunnel area 500(ft*) 400, 550, 600 tunnel length
tunnel altitude 0(ft) 150. 250. 300 direction(6 site)
wind velocity 0(mph) 2.25. 45 9
External data . ati
’ (610 conctlantrat?on 0(ppm) 1.5 10
of ambient air




790 BAE EAH - ol4E

Table 3. Mean sensitivity coefficient for each

CRER
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coefficient N ou]_o/]iaqlk‘g eI
e s | ST T s ieau
2 : i - olo 2= = 2=
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z}o
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7 42E-07 (2000—1000) o= _
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1.541 (0.5-0.60)
3 56E-05 (100-90) TUNVEN 232 vjad ndo2 Ffo] 7153}
Perimeter (ft) | 3.59E-05 (100—110) 7 o AdEd HEo] golaes ALd AL u3
1.79E-05 (100—120) o Bt M 7hg A I AMESAL 8T Zol
In/Out 7.4E-05 (200—150) 7 F HAZ 7 2YA Bdg gld e g TUNVEN
ventilation rate | 7.84E-05 (200—180) 8 232 At B4 Elde Wi AYe
(KCFM) 8.6E-05 (200-220) Table 4¢) A2l g wks 2on] & Zo]7} 1,860 m
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Table 4. Basic data for Hwangryung tunnel in Pusan
Length | Perimeter | Cross sectional area Altitude A1titu§e Slope Fan
at entrance at exit
1860 m | 27.6m 41.85 m? 61.8 m 21.8m | 2.2% | 120HPx2 | 320HPx2
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Fig. 1. Comparison of measured and calculated CO concentration data for each sampling site.
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Fig. 2. Comparison of measured and calculated NOx concentration data for each sampling site.
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Table 5. Comparison of CO concentration (unit : ppm)
Distance 1st* 3rd** 2nd* 4th**
(m) measured | model | measured | model | measured | model | measured| model
100 2.81 0.55 1.84 0.20 1.92 0.55 2.18 0.2
200 3.49 0.95 2.01 0.45 3.08 1.2 2.28 0.6
400 4.28 1.40 2.17 0.90 3.17 1.6 2.69 1.0
600 4.73 1.70 2.61 1.40 4.48 1.8 3.08 1.4
800 513 1.90 3.12 1.80 5.01 2.0 3.60 1.8
1,000 4.88 2.10 3.62 2.20 5.27 2.2 3.73 2.2
1,200 5.14 2.20 3.82 2.70 548 2.3 3.80 2.6
1,400 5.08 2.30 4.43 3.10 5.69 2.3 4.22 3.0
1,600 4.92 2.35 4.72 3.55 541 2.4 4.78 3.4
1.800 5.71 2.40 4.73 4.00 6.09 2.5 4.93 3.7
*ventilation fan was on, **ventilation fan was off
Table 6. Comparison of NOx concentration
Distance 1st® 3rg*" 2nd* 4th**
{(m) measured| model | measured| model |measured| model |measured| model
100 0.335 0.1 0.226 0.0 0.215 0.1 0.225 0.0
200 0.424 0.2 0.287 0.1 N.A. 0.3 0.311 0.1
400 0.54 0.3 0.305 0.2 0.408 0.3 0.331 0.2
600 0.555 0.3 0.360 0.3 0.645 0.4 0.380 0.3
800 0.674 0.4 0.447 0.3 0.590 0.4 0.405 0.4
1000 0.613 0.4 0.513 0.4 0.736 0.5 0.511 04
1200 0.689 0.4 0.532 0.5 0.836 0.5 0.532 0.5
1400 0.676 0.5 0.606 0.6 0.841 0.5 0.652 0.6
1600 0.648 0.5 0.641 0.7 N.A. 0.5 0.639 0.7
1800 0.614 0.5 0.645 0.8 0.819 0.5 0.625 0.8

* ventilation fan was on. ** ventilation fan was off

Table 7. Results of linear regression analysis for each measured and calculated data

Item CO (Y =a+bX) NOx (Y =a + bX)
correlation correlation
) a b . a b

Data coefficient(r) coefficient(r)

1st 95.56% 2.286 1.306 91.23% 0.292 0.791

2nd 97.39% 0.480 2.164 97.48% 0.014 1.556

3rd 99.01% 1.585 0.848 97.30% 0.231 0.578

4th 99.07% 1.934 0.801 95.48% 0.247 0.543
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Fig. 3. Comparison of the linear regression analysis for measured and calculated concentration

data of CO.
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Nomenclature

a;  Influx ventilation port area perpendi-
cular to port axis per unit tunnel length,
ft (m)

a. . Efflux ventilation port area perpendi-

cular to port axis per unit tunnel length,

ft (m)

¢  Energy transfer rate (power) per unit
tunnel length, BTU/hr-t (erg/hr-m)

z  Elevation (z, = elevation of portal at x =

0. z. = elevation of portal at x=L), ft (m)

A : Tunnel effective cross-sectional area. ft



Measured(ppm)

1st

Y=0.791X+0.202(r=0.9123)

3rd
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349

LX) 2 4 6 .8 10
Model(ppm)

Measured(ppm)

TUNVEN 239 35 R 2% 795
2nd
Ya1.556X+0.014{r=0 9748)
[~
0. 1 2 3 4 5 8
ModeKppm)
4th
=]
[~
Y=0 543X+0 247(r=0.9548)
OIO 2 '4 IB 8 10

Modei(ppm)

Fig. 4. Comparison of the linear regression analysis for measured and calculated concentration

]

U

data of NOx.

(m?)

Flow cross-sectional average concentra-
tion of pollutant under consideration,
ppm

Energy transfer rate (power), BTU/hr
(erg/hr)

Force (positive in positive tunnel direc-
tion), 1b (dynes)

Specific enthalpy per unit mass, BTU/lb
(erg/g)
Tunnel length(traffic portal to traffic
portal), ft(m)

Volumetric ventilation rate per unit axial
length and tunnel cross-sectional area
(ai for influx, g. for efflux), 1/sec

Fluid specific gas constant, BTU/Ib’F
(erg/gTC)

Local source rate due to vehicles for the
pollutant under consideration, ppm/sec

Tunnel cross-section average axial velo-

city at a specific x location and directed
in the positive tunnel direction, ft/sec
{m/s)

Total diffusivity of tunnel air, ft%/s (m%/s)
Local tunnel air density, 1b/ft® (g/cm®)
Tunnel volume average air density, 1b/ft?
(g/cm®)

Refers to ventilation efflux

Refers to ventilation influx

Refers to condition at tunnel entrance
(x=0)

Refers to condition at tunnel exit (x=L)
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