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Flow Analysis of Building Pressurization
System for Smoke Control
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ABSTRACT

Many pressurization systems are designed and built with the goal of providing a smoke-free escape
route in the event of a building fire. A secondary objective is to provide a smoke-free staging area
for fire fighters. In the present study, a computer program is developed to calculate pressure loss
and flow rate at several building elements such as a room, a lobby, a staircase and an air supply
shaft. By the program as the desing tool for the pressurization system, the capacity of the injection
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fan is calculated, and the design method is proposed for the optimization of the fan capacity.

Keywords : building fire, smoke-free, smoke control, pressurization
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Fig. 1. A schematic of building pressurization system for
smoke control.
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Table 1. Specifications of the apartment
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Table 2. Calculated results
- FE qeaesn | swmb
%_ b o
1 1.2 2.7
2 90.3 14
3 70.6 1.2
4 58.7 0.97
5 53.5 0.77
6 48.4 0.68
7 45.0 0.62
8 43.2 0.60
9 42.3 0.58
10 42.1 0.58
11 421 0.58
12 42.3 0.59
13 43.4 0.38
14 45.6 0.66
15 49.3 0.74
16 53.0 0.91
17 62.2 1.1
18 78.1 1.3
19 103.3 1.5
20 142.0 1.8

Table 3. Results with the cross-sectional area modification
of the inlet duct

) FE agae S ms)
%__ b | [=}
1 0.6 1.8
2 69.3 1.2
3 57.4 0.99
4 51.1 0.84
5 47.2 0.70
6 50.2 0.81
7 471 0.71
8 44.8 0.67
9 43.7 0.65
10 43.4 0.65
11 43.3 0.65
12 43.5 0.66
13 44.4 0.68
14 46.3 0.74
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Table 3. Continued
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Fig. 5. Pressure difference at the lobby of each floor. g : flow rate at link i [m%s)

AP : total pressure difference in the closed loop [Pa]

2 (6yE o)&3te ALtePd 13 2o MAE H% Aq : increment of flow rate [m%s]
7 2 0‘?}"‘*—7 205 1“1"” g $%7)E guiyo|u}, A : opening area [m?]

T 0 1538 HuFolng MioM oN-E Fihs F C : discharge coefficient
o] %}ﬁﬁl 882101“ "*EHL 7} 3 A, Ap : pressure difference [Pa]

p : density(kg/m®)
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Hlated 3ulEo] gtk ¥y olue} Fig, 5049t D : diameter of shaft [m]

7ho] Ztze] QFE A7) Table 29 Z-$-Hul #Ysii e Re : Reynolds number

W Hwgs adt Ag o 4 Ak ¢ : Absolute roughness inside shaft
D, : effective diameter [m]

5 & E a, b : length of each side [mm]

A, : horizontal cross-sectional area inside shaft [m2]
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P, : absolute pressure at the reference [Pa]
h : height from the reference [m]

Ty : temperature (K)

Q : flow rate of blower [m?%s]

Ap, : static pressure of blower [Pa)

n : efficiency of blower
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