Fire Sci. Eng., Vol. 32, No. 5, pp. 34-39, 2018
DOI: https://doi.org/10.7731/KIFSE.2018.32.5.034

[Research Paper]

ISSN : 2508-6804 (Online)
ISSN : 1738-7167 (Print)

o [\

Ol}v N H.IIO

2 ox xR A

T2 2ol ATESY E &4l Bzlof| ME XS AR 24

OOX
T T =
Sopista AFamerdsk @5

Analysis on the Effects of the Heat Loss Coefficient on the
Operation Time of Sprinkler in Compartment Fire

Woo Jun You

Professor, Department of Architecture & Fire Safety, Dong Yang University
(Received Septemer 20, 2018; Revised October 4, 2018; Accepted October 8, 2018)
2 o

E AT = 79 331 A Al EE o] 543] Heke 20 223 S 2o S40A M) iE &
BTARE BABIATE ol 8iA S RER AR 78 T 2717 F 03 m, AlE 0.5 m, 2] 3.0 m T=
E& AAta §eh(n-Heptane) = 3hAl A& T3Pt 78 I R 2= 3, uto] d=utag a8 g
GHFS AHE3ATE T3 Fire Dynamics Simulator (FDS) Version 6.5 AR8-3te] Ad 243} 543 HdFE 714
3l 2 FF| =] AX|9A] D SAHRIAHC-factor) R}l wE 25 AIZHS E4519 T 1 A3} HESAIZEA]
(Response Time Index, RTI)7} 100 (m-s)**0]aL 2H5 257} 72 €l 2z g el 3k 4559 717 257} 100 C
o4 300 C= s, 71Fe] £57F oF 0.7 P69 7% C-factor = 07} 1 v 2R S8 9] A-FAIEL 4 30
§~60 s, C-factor = 3 W 62 solA] ] 92 5, C-factor = 5Y ® 120 s o]FO= YERSITE

ABSTRACT

In this study, the experiment conditions for the variation of heat release rate in compartment space were constructed to
analyze the effects of fire spread and the operation time of sprinkler in accordance with the heat loss of the sprinkler’s
heat element. The compartment composed of fire board (width = 0.3 m, height = 0.5 m, length = 3.0 m), are manufactured
to measure the temperature distributions in the inner space, the mass loss rate and heat release rate during the experiment
of N-heptane pool fire test. Also, the operation time of sprinkler is analyzed with the installation of sprinkler and C-factor
using Fire Dynamics Simulator Ver.6 under the experiment conditions. The results show that the operation time of sprinkler,
which has RTI 100 (m's)”® operating temperature 70 C, is 30 s~60 s for C-factor = 0 and 1, 62 s~92 s for C-factor
= 3, and 120 s over for C-factor = 5, respectively.
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Figure 1. Schematic diagram of the heat transfer of the sprinkler.
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Figure 2. A picture of heptane pool fire experiment conditions in
a compartment space.
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Figure 3. Fuel mass loss in a compartment space.
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Figure 4. Heat release rate in a compartment space.
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Table 1. The Obtained Conditions for Experiment of the Sprinkler’s C-factor

Model Size Pool Size Fuel Experiment Time Mass Loss Rate Maximum Heat Release Rate
[m] [m] [-] [s] [kg/s] [kW]
0~120 1.81 x 10™
03 x 05 x 3.0 0.15 x 0.15 N-heptane 2 37.8
120~210 7.13 x 10
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Table 2. Input Values of C-factor and HRR
CASE FDS Input Parameter
Num. C-factor Transient Time Peak HRR HRRPUA History of HRR
CASEO1 0 Time [s] | F [-] | Time [s] | F [-]
0 0.00 142 0.75
CASE02 1 20 0.11 160 0.87
) 45 0.16 180 1.00
tr =120 s 37.8 kW 1680 kW/m
CASE03 3 64 0.23 200 0.88
82 0.18 220 0.45
102 0.27 240 0.17
CASE04 5 120 0.56 260 0.00
Defaults for Sprinkler : RTI 100 (m~s)]/2, Operation Temperature 72 C,
" No flow characteristics : Flow rate, Particle Velocity, Droplet diameter, Spray Angle, etc.
——Gas Temperature 20
—— Sprinkler das
1000 4—— Gas Velocity
J40
tr=120's
0.5 435
5 C-factor=0 (m/s)
b C-factor=1 (m/s)** {30 <
o )
3 Operation 1, 8
s Temperature 3
“é_ 100 72°C C-factor=3 (m/s)"* 120 ;
2 C-factor=5 (m/s)'Z | ! Jis &
0.5m 1.0m 1.5m 2.0m 25m 2.8m
J10
""""""""" LIE YV 12E3 L3H3 L4H3 L5H3 L6AY VI | | ‘~ 1.0 mis| 05
T Yum Vim Yom T lm Vsm Lem ¥ ipm ~0.7mls I L
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0.46m 0.36m 0.26m Time [s]

Figure 5. Modeling of the n-heptane (center) pool fire test with
sprinkler in compartment.
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Figure 6. The results of gas temperature, velocity, C = 0, 1, 3,
and 5.
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Figure 7. The results of operation time of sprinkler for C-factor =
0 and 1.
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Figure 8. The results of operation time of sprinkler for C-factor =
0 and 3.
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Figure 9. The results of operation time of sprinkler for C-factor =
0 and 5.
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