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A numerical study on effects of drag coefficient of vehicle on jet fans in case

of fire in road tunnels
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ABSTRACT: The road tunnel install a vent for the purpose of ventilation and smoke control. Ventilation equipment
capacity(number of jet fans) depends on from the condition that of the pressure and ventilation resistance. Pressure and the
resistance under operating vehicle have affected on the drag coefficient. The drag coefficient of the tunnel have affected
by the blockage effect and slipstream effects. However, when calculating the ventilation fan, are not properly consider taking
into account such effects. Therefore, ventilation force may have been slightly overestimated. This paper describes the drag
coefficient through a numerical analysis to calculate the equivalent resistance area that reflects the vehicle distance, and
examined the equivalent resistance area. The ventilation coefficient corresponding to the result heavy vehicle mixing ratio
of the present study was not clear. Equivalent resistance area had reduced by about 86% compared to the road design
handbook current standards. Also it had analyzed and reduced to 62.2% compared to Korea Highway Corporation
ventilation design criteria ratio, which is the old standard.

Keywords: Drag coefficient, Blockage effect, Equivalent resistance area, Tunnel fire
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Table 1. Drag coefficients in various cases

Application of rule Drag coefficient Projected area
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Table 2. Specifications of vehicle
PC (Personal car) Bus Truck
Model
Small Large Small Large Small Middle Large
Whole of length 4.22 4.87 6.71 11.72 5.11 5.74 8.90
Full width 1.67 1.82 2.04 2.49 1.78 2.03 2.48
Overall height 1.46 1.48 2.76 3.30 1.94 2.31 3.16
Projected area 2.44 2.68 5.61 8.21 3.47 4.69 7.82
Mega truck | Cargo Truck
Car name Verna Sonata County Aero Bongo (4.5ton) (11.5ton)
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Fig. 2. Drag coefficient in accordance with air velocity

Table 3. Drag Coefficient of Car in single lane

PC Bus Truck
Small | Large | Small | Large | Small | Mid | Large

Model

Drag Coef.| 0.425 | 0.450 | 0.564 | 0.753 | 0.841 | 1.024 | 1.103
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Table 4. Average of Drag coefficient at Lane

Fig. 5= 298 % A JdAE vehpd o=
A Bt 58K AT) 0210, S-EXHHD)
0242, H2(28) 0531, H2(THE) 0.686, EB(AF)
0.464, EE(F3) 0.621, ES(H3) 0.8297 B4
Tk o= & alAmdle] -85k A 1the] A
] 50%~94%5F0 8 Aag-o £83to] 3
4= Hago] 7P A YRl 9l

ij'ing Lane Classification PC (Passenger car) Bus Truck

e Small Large Small Large Small Middle Large

Number of car 16 26 4 3 3 0 1
: Drag coefficient 0.264 0.307 0.676 0.806 0.695 - 1.171

20 Number of car 6 8 10 2 4 6 8
2 Drag coefficient 0.171 0.152 0.440 0.642 0.305 0.539 0.807
Drag coefficient Average 0.238 0.271 0.507 0.740 0.472 0.539 0.847

Number of car 12 28 4 2 2 3 1
: Drag coefficient 0.238 0.292 0.705 0.625 0.770 0.769 0.959

25 Number of car 5 11 4 6 4 4 7
2 Drag coefficient 0.157 0.160 0.567 0.644 0.409 0.602 0.799
Drag coefficient Average 0.214 0.254 0.636 0.639 0.529 0.674 0.819

Number of car 7 30 2 4 1 4 2
: Drag coefficient 0.182 0.249 0.661 0.661 0.747 0.737 0.975

30 Number of car 8 6 4 2 9 8 8
2 Drag coefficient 0.140 0.134 0.523 0.697 0.426 0.590 0.806
Drag coefficient Average 0.160 0.230 0.569 0.673 0.458 0.639 0.840

Number of car 10 24 5 3 2 4 2
! Drag coefficient 0.212 0.240 0.601 0.879 0.832 0.737 0.733

35 Number of car 3 9 2 5 2 8 9
2 Drag coefficient 0.289 0.137 0.285 0.679 0.286 0.588 0.770
Drag coefficient Average 0.230 0.212 0.511 0.754 0.559 0.638 0.763

Number of car 9 19 6 5 3 3 2
: Drag coefficient 0.207 0.267 0.543 0.753 0.491 0.697 0.986

40 Number of car 1 5 3 7 5 8 9
2 Drag coefficient 0.089 0.156 0.311 0.588 0.294 0.558 0.854
Drag coefficient Average 0.195 0.244 0.465 0.656 0.368 0.596 0.878
Average 0.211 0.242 0.531 0.686 0.464 0.621 0.829
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Table 5. Drag coefficient and the equivalent resistance area
along with CFD result and the design criteria

Equivalent
) . Drag coef. .
Design Criteria resistance area
Small Large | Small | Large
Present result 0.292 0.737 0.675 5.240
Korea High way
(2002) 0.59 1.09 1.36 7.75
41.9 355
Japan (2006) Am=0.84+——+(1. )¢L
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