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A Model-Analysis for Removal of Fire Fumes in a Road Tunnel during a
Fire Disaster

Sung-Wook Yoon and Hi-Keun Lee

ABSTRACT In case of a fire outbreak in a uni-directional road tunnel, the flow of traffic immediately
behind the fire disaster will be stalled all the way back to the entrance of the tunnel. Furthermore,
when the vehicle passengers try to flee away from the fire toward the entrance of the tunnel, the
extremely hot fume that propagates in the same direction will be fatal to the multitudes evacuating, but
may also cause damage to the ventilation equipments and the vehicles, compounding the evacuation
process. This paper will present the 3-dimensional modelling analysis of the preventive measures of
such a fume propagation in the same direction as the evacuating passengers. For the analysis, the fire
hazard was assumed to be a perfect combustion of methane gas injected through the 1 m X2 m nozzle in
the middle of the tunnel, and the product of CO, as the indicator of the fume propagation. From the
research results, when the fire hazard occurred in middle of the 400 m road tunnel, the air density
decreased around the fire point, and the maximum temperatures were 996 K and 499 K at 210 m and
350 m locations, respectively, 60 seconds after fire disaster occurred, when the fumes were driven out
only towards the exit-direction of the tunnel. By tracing the increase of CO, level over 1% mole fraction,
the minimum longitudinal ventilation velocity was found to be 2.40 m/sec. Furthermore, through
‘Analysis of the temperature distribution graphs, and observation of the cross-sectional distribution of
CO, over 1% mole fraction, it was found that the fume did not mix with the air, but rather moved far in
a laminar flow towards exit of the tunnel.
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Fig. 1. lllustration of the fire emergency in the road tunnel with longitudinal ventilation system.
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Unit: m

Fig. 2. Cross section of real & model tunnel at 200 m.
(a) Real tunnel, (b) 3D model tunnel unit: m
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Fig. 3. Grid of tunnel(The grid along the z-direction
was coarsened to faciliate visualization).
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Fig. 4. Air density along tunnel length (Boundary con-
dition: 1Pa, after 60sec)

Table 1. Average temperature (K) of the cross section

Pressure Time Location from the fire (m)
(Pa)  (sec) 100 50 -10 0 10 50 100 150

1 60 312 419 852 919 936 486 326 304
120 315 448 854 946 964 671 388 312
180 315 444 782 950 1000 887 519 349

5 60 307 359 569 732 926 628 358 309
120 301 310 367 395 531 699 705 465
180 300 300 304 306 385 392 503 648

7.5 60 305 341 504 573 809 725 394 316
120 300 303 317 326 414 493 685 615
180 300 300 300 301 348 341 360 433

10 60 304 329 451 502 679 783 444 329
120 300 301 305 308 366 395 535 646
180 300 300 300 300 333 326 329 347

15 60 302 318 386 422 549 775 558 370
120 300 300 301 302 337 338 386 501

20 60 301 313 339 356 435 613 663 455
120 300 300 301 301 325 321 328 360

4= B@olol] oyt IREEE £WE AU S
A Sl &jell 4 s SR R oF 60% 7h7to] ZhA

A ee ¢ T Aok

42 2T RI

7t A Az N A A g F3ste] Bl Rl
EAqste 3718 JHAFLEE Pt ol HT
ZEE2 Table 1ol LJel} glc}. Table 1ol|4 & 4= )
o) bl o g e A}t dolA4-F HFLET
Weizkel 2571 Hedvzkes AEe 34 AP 25 Y
2 A=lolA vl 2gls o €]d el Bl &7

rs

Table 2. Comparison of the maximum and average
temperature (K) of 20 Pa pressure boundary
conditions.

Tunnel length(m)
100 150 190 200 210 250 300 350

Pressure Time
(Pa) . (sec)

Avg. 301 313 339 356 435 613 663 455
Max. 303 315 350 374 996 754 710 499
Avg. 300 300 301 301 325 321 328 360

120
Max. 300 300 304 306 751 423 395 409
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Fig. 5. Comparison of the maximum and average

temperature in case of the 20 Pa pressure
boundary condition. (after 60 sec)
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Table 3. The critical velocity of each case

Case Critical velocity Comment
(m/sec)
1 < 0.57 Smoke to both sides & CO,

exist on the left side afer
180 seconds

Smoke to both sides & no
CO, exist on the left side
after 180 seconds

2 >057 & <240

3 > 2.40 Smoke to one side only

-100m -50 m Om
(a) 180sec
Fig. 9. Contour of CO, mole fraction at constant pressure boundary condition: 1 Pa.
Boundary condition Case
r— 1 Pa
} Casel: Smoke to both sides & CO:
25 Pa exist on the left side after
180 seconds
1. Smoke to 5 Pa
both sides |
7.5 Pa
Case2: Smoke to both sides & no
10 Pa CO: exist on the left side
after 180 seconds
L— 15 Pa
2. Smoke t
oneosifleo 20 Pa  — Case3: Smoke to one side only

Fig. 10. The cases of CO, distribution.
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