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The Effect of the Combined Operation of Sprinkler and Vent
Systems on the Smoke Control in a Horizontal Corridor
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ABSTRACT

Fire scenarios in a space 20.0 m x 4.0 m floor and 3.0 m high were simulated by using computational
fluid dynamics program (FDS 4.0.3) to investigate the effect of the combined operation of both sprin-
kler and vent systems, which are installed for cooling and blocking smoke which propagates beneath
the ceiling of a horizontal corridor, on the temperature and smoke density of it. It was shown that the
combined operation both sprinkler and vent systems was more effective than each operation for cooling
and blocking smoke, the number of operating sprinklers was two because of corner effect of wall, and
over-installed sprinklers deteriorated the effect of cooling and blocking smoke. This study showed that
the case of two sprinklers and vent flow rate 3.0 m¥s in fire scenario was the most effective for cooling
and blocking smoke. It was confirmed that the smoke downdrag occurs in operating sprinkler system,
and the more smoke droplets produced by increasing fire size, the greater smoke downdrag occurred.

Keywords : Computational fluid dynamics program(FDS 4.0.3), Sprinkler and vent systems, Combined opera-

tion, Corner effect, Smoke downdrag
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Table 1. The location of sprinklers

The‘ number Spaf:mg of Location of sprinklers
of installed | sprinklers (m)
sprinklers (m) m
1 4.00 x=10.0, y=2.00, z=2.9
x=10.0, y=1.00, z=2.9
2 200 x=10.0, y=3.00, z=2.9
x=10.0, y=0.68, z=2.9
3 132 x=10.0, y=2.00, z=2.9
x=10.0, y=3.32, z=2.9
x=10.0, y=0.50, z=2.9
x=10.0, y=1.50, z=2.9
4 1.00 x=10.0, y=2.50, z=2.9
x=10.0, y=3.50, z=2.9
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Table 2. The correlations of calculation for vent sizing
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Parameters Correlations
172
Fire diameter D D= (4—(2,,)
nQ
Mean flame height L L = - 1.02D +0.235Q%°
Height of virtual origin above base of fire z, Z, = 0.083Q2/5— 1.02D
if L<z,

i, = [0.071Q) (z,-2,)”*1[1+0.027Q* (2.~ 2,)

173 5/3 2/3 -5/3

I

Mass flow rate in plume m,

if L>z,,

. Z
thp = (0.0056Q.)

Mass flow rate through vents m,

m, =

C; A T-T,
d, vty 2p(2)gd 0( . 0)
Ci AT N
1+ dviivf -0
2 2\ T
Cd,iAi

. 2 (T-Ty)
m, = Ava 2p0gd _QTZ_O

KQ,
Smoke layer temperature T T=Ty+—
C,pm,
. Ava
Geometric vent area A, A, = C
d,v
AT N2
Correction coefficient M M= {1 +(—‘2'](—0):|
ANT
1
Corrected actual vent area A A =M - A,
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Table 3. Results of calculation for vent sizing

& - T

Parameters Calculated Results

Fire diameter D 1.128 m
Mean flame height L 257 m
Mass flow rate in plume m, 3.05 kg/s
Smoke layer temperature T 409 K
Aerodynamic vent area A, 1.276 m?
Geometric vent area A, 2.09 m?
Correction coefficient M 1.01123
Vorrected actual vent area A, 211 m?

m, Y=2.0m, Z=3.0mell Ztzt $1A3kact.
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Table 4. Conditions of fire scenarios
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Fire Scenarios
No. MI(]); . Heat Release Sprinklers Flow rate Note
Rate HIMW] Sfea] VIm¥/s]

1 B.M. 1 - - basic fire

2 H181V0 1 1 - only sprinklers
3 H182V0 1 2 - only sprinklers
4 H1S83V0 1 3 - only sprinklers
5 H1S4V0 1 4 - only sprinklers
6 H1SOVO 1 - 05 only vents

7 H1S0V1 1 - 1.27 only vents

8 H1S0V2 1 - 2 only vents

9 H1S0V3 1 - 3 only vents
10 H1S1V1 1 1 1.27 combined
11 H1S2V1 1 2 1.27 combined
12 H1S3V1 1 3 1.27 combined
13 H1S2V2 1 2 2 combined
14 H1S2V3 1 2 3 combined
15 H2S2V1 2 2 1.27 combined
16 H3S82V1 3 2 1.27 combined

*Model ID. : B.M.-Basic Model / H-Heat release rate / S-Sprinklers / V-Vent
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Fig. 13. Smoke temperature(Y=2 m, t=60 s).
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Fig. 14. Smoke density(Y=2 m, t=60 s).
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Fig. 16. Smoke density(Y=2 m, t=60 s).
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7ISHA|

: AT WA (corrected actual vent area [m?]

: Q1% W3 (inlet area) [m?]

: Hj9 A3 (geometric vent area) [m?]

: 27198k HielE HA (aerodynamic vent area)

[m’]

Cyi : 97 FBA5(inlet discharge coefficient) [
21 ]

Cyy WIS S (vent discharge coefficient) [F-
2Hd]

¢, :97] HlY(specific heat of the smoke layer
gases) [kJ/kg-K]

D 33 (fire diameter) [m]

» > 2P

>

: 94715 S (smoke layer depth) [m]

: 287} (gravity acceleration) [9.81 my/s?]

K 7129 gifoldx] & (fraction of convected
energy contained in the smoke layer gases) =
0.5 [F-3H]

m, : 9715 AFFHE (mass flow rate in the plume)

oQ

[kg/s]
m, 819 AeGFE (mass flow rate through vent)
[kg/s]

Q : AA FiF=-E(heat release rate) [kW]

Q. :UYlF g4=S(convective heat relelase rate) =
0.7Q [kW]

Q" UuAAT @SS (heat release rate per
unit floor area) [kW/m?]

T 9715 2% (smoke layer temperature) [K]

Ty : 5925 (ambient temperature) [K]

2z, :7M} 3%0l(height of virtual origin above
the base of the fire) [m]

z, SRCERE 7% SRS EOl(height
of the smoke layer boundary above the base
of the fire) [m]

P :FY WU (ambient density) [kg/m’]
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