J. Korea Saf. Manag. Sci. Vol. 23 No. 4 December 2021
http://dx.doi.org/10.12812/ksms.2021.23.4.043

ISSN 1229-6783(Print) 43
ISSN 2288-1484(Online)

AATE EUT MY 2o wE gl A AT
o A.g g
AFALTANEIE A AS)

A Study on the Closing Force according to the Opening Angle of

the Door in the Smoke Control System
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*Department of Fire and Disaster Prevention, Sejong Cyber University

Abstract

In this study, the experiment was conducted on a fire door(W X H = 0.98 m X 2.19 m) installed on the

vestibule. The effective leakage area for each opening angles and closing forces derived from the

impulse—momentum equation was compared and analyzed with the experimental results. As a result of the

experiment, the major factors affecting the door closing forces were the pressure difference and the area

of the door. The difference of door closing forces between measured and calculated values by the

impulse—momentum equation showed a deviation of less than =15% at the opening angles of 5° to 10°. At

the door opening angle of 2.5°,

the dynamic pressure was much higher than the measured static pressure,

and this pressure difference is estimated to be air resistance acting to prevent the door from being

completely closed.
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[Figure 1] Door closing forces by opening angles
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<Table 1> Specification of the Experiment Instruments

Instruments Model Specification
Push—pull B Range 0 - 200N
Gage FG=5020 Accuracy: £2%
Retrotec .o
Door Fan 6000 Flow Accuracy: +/=5%
Pressure Accuracy:
Sensor DM32 1% of pressure reading
enso or +0.25 Pa
2.22 A¥43% 4 {rETEHE
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<Table 2> Pressure difference, Flow rate and door closing forces by opening angles

Opening Angle 0° 2.5° 5) 7.5° 10°
Air flow Condition® | Test! Test? Test! Test? Test! Test? Test! Test? Test! Test?
P?:;S;fg&f‘;) -9.9 10 | -105 | 113 | -96 | 111 | -98 | 114 | -105 12.6
Air rate (CMID) 168 | 1583 | 318 | 3206 | 1552 | 1528 | 2957 | 2949 | 4,389 | 4375
Opening Force (N) - - 37 - 25.4 - 22.3 N 25 —
P?:szre;l&f‘;) -30 | 299 | -30.2 | 291 | -30.6 | 326 | -294 | 308 | -236 32.7
Air rateCMID | 3158 | 294.1 | 588.9 | 607.3 | 2731 | 2770 | 4955 | 5178 | 6949 | 7.343
Opening Force (N) - - 76.7 - 65 - 65.3 - 55.1 -
P?;fsfselfg&f‘;) -50.3 | 50 | —49.6 | 496 | -49.1 | 508 | —44.3 | 463 | -533 63.1
Air rate (CMHD) 424 | 3911 | 8026 | 8357 | 3428 | 3,573 | 5971 | 6,709 | 10453 | 11,091
Opening Force (N) — . 119.7 — 103.3 -~ 97.7 . 101 -

# Air flow Condition” :

Test! is Pressurization and Test? is Depressurization
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<Table 3> Leakage area calculated by exponential equation

Opening Angle () n C (m%s - PY Aprer (cm?)
0 0.563 0.012 102.3
2.5 0.621 0.020 185.1
5 0.518 0.128 1,017.7
7.5 0.521 0.240 1,918.4
10 0.543 0.326 2,685.9

<Table 4> Effective leakage areas by opening angles

Opening Air leakage area/(cm)

Angle ) ASTM E779-03 geometric CAD Cd = 0.65 Cd = 0.8
2.5 185.1 1145.8 176.7 284.7 231.3
5.0 1017.7 2290.8 1253.0 1565.7 1272.1
7.5 1918.4 3434.2 2371.4 2951.2 2397.9
10.0 2685.9 4574.9 3494.2 4132.0 3357.2
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[Figure 2] Effective leakage areas by opening angles
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closing forces by opening angle of a door
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<Table 5> Closing forces by opening angle of a door
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<Table 6> Comparing dynamic pressure and static pressure

Opening 28 Ps_tested

Angle( ) (Pa) Pa) rate
13.7 11.3 121.2%
2.5 46.9 29.1 161.2%
87.2 49.6 175.8%
10.8 11.1 97.3%
5 33.3 32.6 102.1%
52.5 50.8 103.3%
11 11.4 96.5%
7.5 30.9 30.8 100.3%
44.9 46.3 97.0%
12.4 12.6 98.4%
10 31 32.7 94.8%
70.1 63.1 111.1%

Opering Differential Measured Theory
AngleC* ) Pressure Force Force

(Pa) () ™)

10.5 37.0 22.5

2.5 30.2 76.7 64.8
49.6 119.7 106.5

9.6 254 20.6

5.0 30.6 65.0 65.8
49.1 103.3 105.5

9.8 22.3 21.2

7.5 29.1 65.3 63.6

48.2 97.7 95.8

10.5 25.0 23.0

10 23.6 55.1 54.9
53.3 101.0 117.5
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