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ABSTRACT: In the present study, ventilation flow rates and pressure rises through a road
tunnel are simulated numerically using CFD with the various conditions such as roughness
height, swirl angle of jet fan, entrance and exit effect and hub to tip ratio. By using a mo-
dified wall function, friction factor can be predicted under 10% of error with respect to the
Moody chart for the circular pipe flow and 15%, for the present tunnel. For more precise
design, the effects of the swirl angle and hub to tip ratio of jet fan, which is not included in
the theoretical equation of pressure rise by jet fan are necessary to be considered.
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Fig. 1 Cross-sectional view of tunnel.
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Fig. 2 Planar view of tunnel and installed jet fans by pair.

Table 1 Simulation cases for road tunnel ventilation with jet fans

. . Hub/tip Exit Entrance| Exit
Roughness height Swirl angle ratio condition loss loss
Case |R1|R2|R3|R4|R5|R6[R7|R8[R9[RI0[S1|SIF[S2[S2F| H1 [H2| B1 [ B2 | E1 E2
Roughness
height (mm) 011]2[5]10{20{30]35(37] 40 37 37 37 37 37
SW]rl o ) o ° o o o
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Fig. 3 Definition of hub and tip radius.
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Table 2 Results of ventilation flow rates, friction factor, pressure rises

571

Roughness height {mm)
Case R1 R2 R3 R4 R5 R6 R7 R8 R9 | RI0
Values 0 1 2 5 10 20 30 35 37 40
Relative Roughness 0 |0.000115]0.000230]0.000575 | 0.00115 | 0.00230 | 0.00345 [0.00403] 0.00423 |0.00460
Flowrate CFD | 546 487 459 421 390 | 360 | 342 | 335 | 332 | 330
(cms) Design 301
Friction CFD | 0.00896 ] 0.0113 | 0.0130 | 0.0156 | 0.0180 [ 0.0214 [ 0.0237 [ 0.0247 | 0025 | 0.0256
factor Design 0.025
Pressure rise | CFD_| 111 | 112 113 115 | 115 | 15 | 15 | 15 | 116
by a jet fan | Eq.(6) | 963 | 996 10.1 105 | 107 | 108 | 108 | 108 | 108
(Pa) Design 11.0
Swirl angle Hub/tip ratio | Exit condition Epgggse rggxign
Case s1 | SIF 2| HI H2 Bl B2 El E2
Values 17° 30° 0.18 0.40 - - - -
Flowrate CFD | 328 [ 3% 317 | 338 | 363 | 267 | 320 | 297 | 332
(cms) Design 301 301 234 290 301
Friction CFD | 0.0251 [ 0.0249 | 00251 | 0.0247 | 00251 | 0.0251 | 0.0261 [ 0.0261 | 0.0251 | 0.0251
factor Design 0.025
Pressure rise |_CFD | 112 | 110 104 120 | 138 | 124 | 117 ] 119 | 116
by a jet fan | Eq.(6) | 109 | 109 109 115 | 155 | 112 | 109 | 110 | 108
(Pa) Design 11.0 11.0 114 10 | 110
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