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A Numerical Study for the Performance of
Natural Smoke-venting of a Vertical Vent
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ABSTRACT

In this study, the effects of vent location, outside temperature, wind velocity and fire size on the
performance of natural venting of the vertical vent designed according to NFPA 204 standard and fire
characteristics were numerically investigated using CFAST. In cases of the Vent located on most
upper wall, lower outside temperature and lower wind velocity, vents met the performance criteria of
venting. The larger fire size becomes, the more mass flow rate through a vent becomes, but the lower
interface height of smoke layer becomes, so that vent didn't meet the performance criteria of venting.
It should be noted that a natural vertical vent be designed considering maximum outside temperature
and maximum wind velocity and developing a design fire accurately in order to meet the performance
criteria of venting.

Keywords : natural venting, vertical vent, CFAST, performance criteria, design fire
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Figure 2. Schematic of fire model.
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Table 1. The parameters related to Fire Modeling
Fire Vent location Outside temp. | Wind velocity |  Fire size
Classification
model 71(m) 7o(m) d(m) Tou(°C) Vaina(m/s) | HRR(kW)
0 - - - 20 0 1750 no vent
1 2.5 1.5 1.0 20 0 1750 vent location
2 3.0 1.0 2.0 20 0 1750 vent location
3 35 0.5 3.0 20 0 1750 vent location
4 35 0.5 3.0 35 0 1750 outside temp.
5 35 0.5 3.0 5 0 1750 outside temp.
6 35 0.5 3.0 -10 0 1750 outside temp.
7 35 0.5 3.0 20 1 1750 wind velocity
8 35 0.5 3.0 20 3 1750 wind velocity
9 3.5 0.5 3.0 20 5 1750 wind velocity
10 35 0.5 3.0 20 0 3500 fire size
11 35 0.5 3.0 20 0 5250 fire size
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Figure 3. The results of simulation for fire model No. O(no vent).
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Table 3. The summary of the results for fire models

Mass flow rate Interface height
Fire . . e
model Ly =049 My =600 my, t, =20 Zg =600 Z Classification
(s) (kgfs) I, (s) (m) Z,
1 N/A 0.40 0.82 220 1.89 0.95 vent location
2 N/A 0.46 0.94 N/A 2.13 1.07 vent location
3 206 0.52 1.06 N/A 2.35 1.18 vent location
4 595 0.49 1.00 N/A 2.23 1.12 outside temperature
5 100 0.55 1.12 N/A 248 1.24 outside temperature
6 1 0.58 1.18 N/A 2.63 1.32 outside temperature
7 230 0.51 1.04 N/A 232 1.16 wind velocity
8 N/A 0.46 0.94 N/A 2.14 1.07 wind velocity
9 N/A 0.37 0.76 155 1.71 0.86 wind velocity
10 45 0.65 1.33 175 1.80 0.90 fire size
11 22 0.72 1.47 87 1.41 0.71 fire size
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Model Model
(@) The effects of vent location (b) The effects of outside temperature
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(c) The effects of wind velocity (d) The effects of fire size
. . . . . Ihvl Zg
Figure 8. The ratios of mass flow rate and interface height to criterion (——, —).
mC ZC
Cq : discharge coefficient Q. : convective heat release rate [kW]
dg : smoke layer depth [m] Q, : volume flow through vent [m’/s]
g : gravitational acceleration [m/s?] T, : ambient temperature [K]
L : mean flame height [m] V., : velocity through vent [m/s]
m, : the criterion of mass flow rate [kg/s] Z, : criterion of interface height of smoke layer [m]
m, : mass flow rate in the plume [kg/s] Zo : height of virtual origin of fire plume [m]
m, : mass flow rate through vent [kg/s] Z : interface height of smoke layer [m]
AP(z) : the pressure difference of both sides of the 7B : height of compartment bottom [m]
vent at elevation z [kPa] Z7 : height of compartment top [m]
P : inside pressure [kPa] Pa : ambient density [kg/m’]
P, : outside pressure [kPa] Py : density of the vent flow at elevation z [kg/m’]
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