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A numerical solution of the flow equation is obtained, applied to pipelines of
carbon dioxide extinguishing systems. Graphic dependencies of the pipeline
diameter of the gas fire extinguishing system on the consumption of the
extinguishing agent, the length of the pipeline and the pressure are
constructed. Recommendations are given on the pipeline diameter selection
for the centralized and local storage of the extinguishing agent.
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Problem formulation. The appearance of emergency at sites, in
particular fires, lead to the death of people. Therefore, the issues of fire safety
are constantly monitored not only by the employees of the State Emergency
Service of Ukraine, but also by the government. To detect and extinguish fires
at an early stage, automatic fire extinguishing systems using various
extinguishing agents (FEA) are applied. The regulatory documents formulate
general requirements for such systems, depending on the extinguishing
method. One such system is an automatic gas fire extinguishing system
(AGFES) with carbon dioxide. The effectiveness of gas systems applying in
the case of volumetric fire extinguishing in enclosed spaces is considered
in [1]. The functional capabilities and composition of the AGFES are
presented in [2]. However, in the question of designing these systems, there is
no uniform approach to the formation of distribution networks and
determining the optimal pipeline diameters. Therefore, the applying of
scientifically based methods for determining the parameters of networks of
carbon dioxide extinguishing systems will solve the problem of increasing the
reliability and efficiency of fire safety equipment and facilities.

Analysis of recent researches and publications. The issues of designing
fire protection systems are devoted to the works [3, 4]. In them the problems
of hydraulic calculation are considered for water extinguishing systems. In
paper [5] the estimation of carbon dioxide safety on toxicity and possibility of
application in various conditions is given. In work [6], a methodology for
calculating the pipeline distribution network parameters of gas fire
extinguishing installations based on freons was developed. In work [7] the
question of gas fire extinguishing systems designing with reference to a stage
of the balanced distribution network construction is considered. In this regard,
it is important to develop recommendations for the selection of the pipeline
network parameters of carbon dioxide fire extinguishing systems.

Statement of the problem and its solution. The purpose of the study is
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to formulate recommendations that will improve the design efficiency of
automatic systems of carbon dioxide fire extinguishing by calculating the
distribution network parameters. To achieve this goal, it is necessary to obtain
dependencies that will allow estimating the pipeline diameter of the AGFES
distribution network depending on the pressure, the extinguishing agent
consumption and the length of the pipeline section.

When designing the AGFES, one of the stages is the calculation of the
carbon dioxide mass Mg needed to extinguish in the protected volume [7].

The time of delivery of the extinguishing agent ¢ is regulated by the normative
document and is 1 minute. Thus, the estimated value of the consumption of
FEA can be determined from the expression

M
Q=—7% (1)

On the other hand, the carbon dioxide consumption can be determined
from expression [8]
~ 08725-10°-D>*.Y
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where D is the distribution pipeline section diameter; L is the distribution
pipeline section length; Y, Z is coefficients that depend on the pressure in the
reservoir and in the pipeline, and can be found from equations:

p
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where p, is the pressure at which the FEA 1s stored, bar; p — is the pressure at
the end of the pipeline network, bar; p, — density at pressure p,, kg/m?; p —
density at pressure p, kg/m™.

Knowing the flow rates for a particular section of the pipeline,

determined by calculation according to formula (1), we represent
expression (2) in the form

2 2
M M
( EOJ -|_+o,04319-( foj .Z-D'*®=0,8725-10"°-Y-D>%. (3)

Rearranging the terms in (3) and introducing the notation, we pass to
the nonlinear equation

A‘DS’ZS—B'DLZS—CZO, (4)
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Or to an equation of the form

A-x*'-B-x*-C=0, (5)

1
where x =D*.

Since the highest degree of the polynomial on the left-hand side of (5) is
odd, the solution of this equation has at least one real root. Due to the high de-
gree of the polynomial (5), the search for roots by analytical methods is diffi-
cult, so to solve this equation we use the numerical method. Since the left-
hand side of equation (5) has derivatives up to the second order inclusive, to
find the real roots of the equation we apply the Newton method [9], which is
realized in the MathCAD environment.

In tabl. 1 and tabl. 2 shows the results of a numerical solution of equa-
tion (5). In Table 1 shows the values of the pipeline diameter of the carbon
dioxide fire extinguishing system for the batteries of gas modules with a high
exhaust FEA flow rate and remote from the protected room (modules are lo-
cated in the room of the gas fire extinguishing station, that is centralized sto-
rage of the fire extinguishing agent).

In tabl. 2 presents the results typical for the local storage systems of
FEA, which protect one room and fire suppression modules can be located
next to the protected room.

Tabl. 1. Calculated values of pipeline diameter for centralized storage systems
. Length of pipeline, m

Q. kg/min 10 50 80 100 p, bar
1000 59,516 70,83 88,406 92,243 51
500 45,7 62,076 67,888 80,839

1000 40,773 54,399 59,354 61,878 45
500 31,088 41,683 45,51 47,456

1000 37,92 50,122 54,618 56,915 40
500 28,81 38,361 41,844 43,619

1000 36,69 48,042 52,284 54,457 35
500 27,775 36,724 40,021 41,705

1000 36,08 46,848 50,923 53,015 30
500 27,23 35,771 38,947 40,572

1000 35,85 46,053 49,979 52,001 o5
500 26,95 35,112 38,184 39,759

1000 36,179 45,903 49,72 51,694 20
500 27,082 34,934 37,936 39,48

1000 36,488 45,904 49,653 51,598 175
500 27,234 34,891 37,85 39,375 ’

On fig. 1 and 2 show the dependencies that illustrate the effect of the flow
rate and pressure on the pipeline diameter, with different lengths. Graphs analysis
suggests that for systems with centralized storage of FEAs and for decentralized
systems an insignificant change in the pipeline diameter at pressures less than 40
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bar is characteristic, which is offset by the fact that in practice pipes with a di-
ameter from the normalized range are used. However, with a large mass of FEA
passing through pipelines up to 100 m in length, to reduce pressure losses, pipe-
lines with a diameter of 60 mm, 80 mm should be used. For systems of both
types, the doubling in the FEA flow rate changes the pipeline diameter by one
step in the value of the conditional pass, according to the existing assortment.
This conclusion makes it possible to simplify the procedure for determining the
pipelines diameters of a balanced distribution network by successively decreasing
the diameter of the pipe when passing through a branch (tee).
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Fig. 1. Pipeline diameter dependence on pressure and FEA flow rate for a
section length of 100 m: 1 — Q=1000 kg/min; 2 — Q=500 kg/min; 3 — Q=200 kg/min; 4 —
Q=100 kg/min; 5 — Q=50 kg/min
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Fig.2 Pipeline diameter dependence on pressure and FEA flow rate for a
section length of 10 m: 1 — Q=1000 kg/min; 2 — Q=500 kg/min; 3 — Q=200 kg/min; 4 —
Q=100 kg/min; 5 — Q=50 kg/min
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The dependence shown in fig. 3, can be used to select the diameter of
the distribution pipeline located in the protected area. Obviously, when
choosing the pipeline diameter, first of all, it is necessary to take into account
the FEA mass passing through the section, since with a change in the flow rate
by 4 times, the diameter changes by 42%, and with an increase in the length of
the pipeline section by 4 times, the diameter increases by less than 20%.
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Fig. 3 Pipeline diameter dependence on the section length and flow at p=40
bar: 1 — Q=200 kg/min; 2 — Q=100 kg/min; 3 — Q=50 kg/min

The obtained dependences make it possible to determine the pipeline
diameter of carbon dioxide extinguishing systems taking into account three
parameters: flow rate, length and pressure. However, to fully automate the gas
extinguishing system design procedure it is necessary to have formal
relationships between the diameter and the remaining parameters. For
example, you can use the experiment planning theory methods to process data
from tables 1 and 2 and present the results in the regression models form.

Conclusions. A numerical solution of the flow equation for carbon dioxide
with respect to the unknown pipeline diameter is obtained. [Tomydennsiit MmaccuB
JTAHHBIX TMPEJICTaBJICH B BUE TpadUUECKUX 3aBUCUMOCTEN quameTpa Tpyoonpo-
Boja ot pacxona OTB, naBnenust u anuHbl TpyOornpoBoja. The obtained data
array 1s presented in the graphs of the pipeline diameter on the FEA flow rate,
pressure and pipeline length. Jlanbl pekomMeHmamm mo BEIOOPY JUaMeTpa moBo-
JSIIET0 M pachpeAeTuTeTIbHOrO TpyOOmpoBoaa JUIsl CUCTEM C JIOKAJIbHBIM H
[IEHTPAIM30BaHHBIM XPAHEHHWEM OTHETYIIAIero BemecTBa. Recommendations
are given on the choice of the supply and distribution pipeline diameter for
systems with local and centralized extinguishing agent storage.
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C.M. bonnapenko, M.M. Mypiu

Pexomengaunii mo Budopy aiamerpy TpyOoONmpoBOAYy CHCTEM BYIJVICKHCJIOTHOIO
MOKEeKOTACIHHSA

OTpumaHoO yKceIbHE PILICHHS PIBHAHHS MOTOKY, CTOCOBHO TPYOOIIPOBO/IIB CHCTEM
BYTJIEKHCIIOTHOTO ToKexoracinHs. [1oOyaoBani rpadgidyni 3aJIeKHOCTI IiamMeTpa TpyOorpo-
BOJIy CHCTEM Ta30BOTO ITOXKEXKOTACIHHS BiJl BUTPATH BOTHETACHOI PEUYOBHHHM, JOBKHHU
TpyOompoBoy 1 TuCKY. Hamano pekoMenalii mo10 BUOOPyY AiaMeTpy TpyOOIpoOBOIY st
CHCTEM IIEHTPATI30BAHOTO Ta JIOKAILHOTO 30epiraHHs BOTHETaCHOI PEYOBHHHU.

Kiro4oBi c10Ba: aBTOMaTH4HA CUCTEMA Ia30BOTO MOXKEKOTACIHHS, TIOKCHU]] ByTJIe-
110, PO3MO/IiIbYa Mepexka, AlaMeTp TpyOOoIpoBoOay.

C.H. bonnapenko, M.H. Mypun

Pexomennanumn no BbIGOPY AMaMeTpa TPyOONPOBOAA CUCTEM YIJI€KHCJIOTHOTO
MOKAPOTYIIEHHS

[NomyueHo YMCIEHHOE pElIeHNe YpaBHEHHS IMOTOKA, IPHUMEHHUTEIBHO K TPYOOIPOBO-
JlaM CHCTEM YTJIEKHCIOTHOTO MoxkapoTymeHus. [Toctpoens! rpaduueckrue 3aBUCUMOCTH 1A~
MeTpa TpyOOIIpOBO/Ia CUCTEMBI I'a30BOT0 MOXKAPOTYIIEHHUs OT pacxo/ia OTHETYIIAIIEro Belle-
CTBA, JUTMHBI TPyOOIIpOBO/A U JaBieHus. J[aHbl peKoMeHIaluy Mo BBIOOPY IuaMerpa Tpyoo-
MPOBOJIA JJIsl CUCTEM LIEHTPATN30BAHHOTO U JIOKAJIBHOTO XPaHEHMsI OTHETYIIIAIIEr0 BEIECTRa.

KnioueBble ci10Ba: aBTOMaTn4ecKkasi CHCTEMa ra30BOTO MOXKAPOTYILICHHUS, JTHOKCHT
yriepoa, pacipeaeauTeNbHas ceTh, TuaMeTp TpyoonpoBoa.
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