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ABSTRACT

The purpose of this study is to identify and improve the performance of the adjacent room ventilation system in living
room ventilation facilities, and compare and analyze the smoke control regulations of the NFPA code and the national fire
safety standard (NFSC). The analysis method was fire dynamics simulation (FDS) and was used to analyze the, variations of
the air supply amount, width of the boundary, change in indoor combustion and wind velocity of the incoming air. It was
found to be advantageous to secure the clean layer when the amount of air supplied is less than the amount of discharged
air in the fire room. However, in the supply room, it is more effective to secure the clean layer when the amount of supplied
air is larger than the amount of discharged air, as a longer boundary width gives rise to better performance. In addition, it
is necessary to consider the amount of air supplied and discharged as a function of the kind of flammable material. Moreover,
decreasing the air inlet wind speed and amount of incoming air is advantageous for securing the clean layer of the fire room.

Keywords : FDS, Air Supply Amount, Combustibles, Smoke Boundary Width Change, Incoming Wind Velocity
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Table 1. Compared NFSC with NFPA

Division NFSC NFPA
Smoke Boundary Width More Than 0.6 m 20% from Floor to Ceiling
Considerations When Area, Smoke Density, Atmospheric Density, Flame Temperature, Ambient
Estimating Emissions Vertical Distance Temperature, Heat Release Rate, Limit Distance
Air Supply Amount More Than Emission Below Mass of Flue Gas
Incoming Wind Velocity 5 m/s or Less 1.02 m/s or Less
Classification Contents
Area Total Floor Area 1,800 m (Each Zone area 600 m2)
W Air Supply O Exhaust Port (8] Deavices |
20m 60 m
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Figure 1. Configuration and specifications of the experimental model.
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Table 2. Combustible Characteristic
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Classification

Polyurethane GM29

Wood (Red Oak)

Heat Release Rate 3,000 kW

1,600 kW

Reactions Species

C=6.3, H=7.1, 0=2.1, N=1.0,
SOOT _yield=0.13, CO_yield=0.031

C=3.4, H=6.2, O=5.1,
SOOT yield=0.15, CO_yield=0.004

Table 3. Appropriateness of Grid According to Flammable

Combustible HRR [kW] Applicable Grid [m] Apply Grid [m] Responsiveness Feasibility
Polyurethane GM29 3,000 0.1~04 0.2 7914 OK
Wood (Red Oak) 1,600 0.07~0.29 0.2 5.787 OK
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Table 4. The Results of Visibility According to Air Supply Amount

Visibility [m]

m'/h Supply Zone Exhaust Zone Adjoining Zone
25,000 9.46 5.28 1.34
30,000 9.93 12.09 1.37
35,000 16.25 10.44 1.38
40,000 19.2 10.19 1.3
45,000 11.63 7.65 4.56
50,000 7.46 4.11 16.83
55,000 7.56 2.64 11.54
60,000 8.98 2.19 6.96
65,000 15.8 1.88 4.6
70,000 21.02 2.08 4.72
75,000 25.39 2.89 4.68
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Table S. The Results of CO Concentration According to Air Supply Amount

CO [ppm]

m’/h Supply Zone Exhaust Zone Adjoining Zone [ @Serphvsone WEshaustzone Adjoiningane
25,000 20 432 108 500
30,000 14.3 411 90.7
35,000 9.01 417 78.2 e
40,000 5.48 392 71.7 T a0
45,000 15.6 393 51.8 2

8 200
50,000 17.7 418 7.42
55,000 20.5 431 5.14 100
60,000 14.9 36.3 6.92 o lolli olE M R AN el o o
65,000 9.73 435 8.89 o o
70,000 6.46 403 7.03 P Q’@ o ﬁp«“’@g
75,000 2.96 113 6.24 n
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Table 6. The Results of CO, Concentration According to Air Supply Amount

CO; [%]

m'/h Supply Zone Exhaust Zone Adjoining Zone
25,000 0.0658 1.43 0.356
30,000 0.0472 1.36 0.299
35,000 0.0297 3.38 0.258
40,000 0.0181 1.29 0.237
45,000 0.0514 1.29 0.171
50,000 0.0584 0.138 0.0245
55,000 0.0675 0.142 0.017
60,000 0.0491 0.12 0.0228
65,000 0.0321 0.144 0.0293
70,000 0.0213 0.133 0.0232
75,000 0.0975 0.374 0.0206
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Table 7. The Results of O, Concentration According to Air Supply Amount

0, [%]

m'/h Supply Zone Exhaust Zone Adjoining Zone DSupply-zone EExhaust-zone @ Adjoining-zone

25,000 20.9 18.8 20.5 22

30,000 20.9 19 20.5

35,000 20.9 19 20.6

40,000 20.9 19.1 20.6

45,000 20.9 19.1 20.7

50,000 20.9 20.8 20.9

55,000 20.9 20.8 20.9

60,000 20.9 20.8 20.9

65,000 20.9 20.7 20.9

70,000 20.9 20.8 20.9

75,000 20.9 20.9 20.9
sl on v 7128kl 50,000 mhe) 717te] A2 A 412 CO H3s}
o] T AR eI B IEF A F COS| B ABLWIEM0 pprll L5 o]
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Table 8. The Results of According to Width of the Boundary
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Supply-zone Exhaust-zone Adjoining-zone

Classification Supply Zone Exhaust Zone Adjoining Zone
o 0.6 m 7.5 4.1 16.8
Visibility [m]
0.8 m 14.9 6.5 12.3
€O [ppm] 0.6 m 17.7 41.8 7.4
m
PP 0.8 m 7.7 27.4 6.5
0.6 m 0.1 0.1 0.0
COs [%]
0.8 m 0.0 0.1 0.0
0.6 m 20.9 20.8 20.9
O [%]
0.8 m 20.9 20.8 20.9
18 45 21804
16
14
_ 12
E
=10
= 6 |
4 7416 5500 |
2 A ;
D 1

Supply-zone Exhaust-zone

Adjoining-zone

0.6m g@0.8m

Supply-zone Exhaust-zone Adjoining-zone

€O [%]

0.16

0.14

0.12

0.1

0.08

0.06

0.04 ~

0.02 -

0.6m E0.8m

0.058
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Table 9. The Results of According to Wind Velocity of the Incoming Air

Classification Supply Zone Exhaust Zone Adjoining Zone
475 m/s 10.58 3.64 2.58
Visibility [m]
1.02 m/s 21.14 19.87 1.72
475 m/s 40.98 854.57 162.31
CO [ppm]
1.02 m/s 15.77 758.48 149.33
475 m/s 0.07 1.51 0.29
CO, [%]
1.02 m/s 0.03 1.34 0.26
475 m/s 20.85 18.75 20.55
0O, [%]
1.02 m/s 2091 19.00 20.59

B4.75m/fs EB1.02m/s

B4.75m/fs E@1.02m/s

854.57

800 7
“ —
g © E 500 %
3 3"400 %
§ * ; 300 %
5 | 200 %
N 102 7 %
1.4 7
1.2 %
£ 0.8 %
g %
0.6 %

0.4 % — —

% 0.29 25
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T 457158 10 mE W53kith CO9j 5k E3tF 5<%
©] 1.02 m/s ©]3} -7} Supply-zoen} Exhaust-zone W%
e F=E UEAeH, 0.9 %9+ Supply-zoneof A
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Table 10. The Results of According to Change for Combustible

33

AdA Q] AL B AT

Classification Supply Zone Exhaust Zone Adjoining Zone
o wood (Red Oak) 30 24.9 294
Visibility [m]
Polyurethane 10.6 3.6 2.6
wood (Red Oak) 0.2 53.3 3.7
CO [ppm]
Polyurethane 41.0 854.6 162.3
wood (Red Oak) 0.01 1.41 0.10
CO, [%]
Polyurethane 0.07 1.51 0.29
wood (Red Oak) 20.9 19.1 20.8
0, [%]
Polyurethane 20.8 18.7 20.6
| BAwood(red oak) EPolyurethane | | mwood(red oak) g Polyurethane |
35 900 854.6
20 | 30 9.4 800
700
25 -
_ 600
% 20 - E 500
= o
£ 15 g 400
- 300
10
200
5 100
0 - 0
-z
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14
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1
E
~ 0.8
S
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0.4 029 —
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0
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