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Application of Optimal Design Method to Agent Discharge Flow
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ABSTRACT

In this study, optimal design methods were applied to the agent discharge flow of clean agent fire extinguishing sys-
tems. The methods combined optimal design theory and engineering theory for engineering analysis in a design program
or coast savings in value engineering. Optimal design parameters were determined to optimize the agent discharge flow
based on the design theory of the clean agent fire extinguishing systems and the theory of optimal design. The design fac-
tors were verified in regard to suitability for the performance of fire extinguishing systems. The results provide a founda-
tion for optimal design method methods in other fire extinguishing systems. Optimization of the agent discharge flow of
the discharge nozzle was confirmed by the constraints on the inner diameter of the discharge nozzle and the pipe, agent
arrival time, flow, and pressure variation of the agent. The deviation of discharge pressure and agent time of the agent dis-
charge nozzle were found to correlate with the pressure variation.
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Figure 1. Paths of steepest descent method.
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Table 1. Specification of the Test Model and Clean Agent

Name Specification
Fire room volume 207.20 m’
Entrance door area 1.89 m’
Opening (Venting) area 0.09 m’
Agent/Density HFC-125/1,218 kg/m’
Agent cylinder 50kg (68 L)
Pressure of cylinder 4.13 MPa
Discharge time of agent 10s
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Table 2. Optimal Design Factors of Each Nozzle

—— Pipe @®~®: Pipe Node No.
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. Size - .
no. diameter (m) Initial Optimization time (s) pressure (MPa)
101 0.0230 32A 3.50 2.3 1.06
102 0.0164 25A 3.33 2.04 2.3 1.07
103 0.0266 32A 4.46 2.0 0.80
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Table 3. Optimal Design Factors of Pipe Line
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Section Start point End point Size Flow (kg/s) Input pressure (MPa) Output pressure (MPa)
1 201 1 40A 5 2.00 1.89
2 1 2 65A 10 1.89 1.88
3 2 3 50A 10 1.88 1.87
4 3 4 50A 10 1.87 1.30
5 4 101 32A 3.5 1.30 1.06
6 4 5 40A 6.5 1.30 1.17
7 5 102 25A 2.04 1.17 1.03
8 5 103 32A 4.06 1.17 0.80
otk meb ARAANT 2 TR BAle] B 2sPYSAEANN AR BB gt Lol
Aol ofa] opAEEF Belsls RS A4S 9FT £ we r¥ow AAEo] i AT (HFC-125)7}
A WEHEA w3 ollA AAge o] FA st S
7t WES =] SHANEHS H 438} Figure 29] vl Holl we} s =ollA 32 F43] AJ5gitt. Figure 401
o 7 ulakrie] HAAAJNAENRFA, kAol EF, w]  hER Bhe} o] AEBI} AT 42 o)A 7 WES=
ol AFHF B0 HHEE F)e Table 33 2l 9 ¢¥o] 101 =1.066 MPa, 102=1.177 MPa, 103 = 0.803

Table 394 viA7F = W= = 101, 102 2 1037} x
kel 5, 7 2 87| kAol ERF E EXe] HEH2 Table
28] A EF L EdES s g %lt}.

3. A5 EAIE

AR 23} A| (HEC-125)  A3Mdn]e]  23pdsAde
Table 19] A=Y, HH9A A2 HE Aoix Table 2,
Table 39| W=E3|= 9 o] +4 9 Figure 29] 71
Lol wEh AnksiAl7F LA S v sEHSIA el ti3l Figure
33 7o) siGith. AsMd AR RN A4S AR
AF7F He 7t BEe sl wEdEH 255 A5
3, 71 A= Figure 49} Figure 59 A|Alskate} 2o},

After test of fire extinguishing

Discharge of HFC-125

Figure 3. Fire extinguishing performance test for the opti-
mal design factors verification.
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Table 4. Comparison of ODM and FEPT for Each Nozzle

. Agent arrived time (s) Discharge pressure (MPa)
Nozzle no. Size — —
ODM FEPT Deviation ODM FEPT Deviation

101 32A 22 2.4 +0.2 (9.1%) 1.060 1.066 0.64%

102 25A 2.2 2.4 +0.2 (9.1%) 1.070 1.077 0.65%

103 32A 2.0 2.0 0% 0.800 0.803 0.38%
% ODM = Optimal design method.
FEPT = Fire extinguishing performance test.
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