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DETERMINATION OF THE GEOMETRIC PARAMETERS OF POWDER
(PFPA) AND SOLID FUEL PRESSURE ACCUMULATORS (SFPA) FOR
APPLICATIONS IN AUTOMATIC FIRE EXTINGUISHING SYSTEMS

The article presents an algorithm for solving the problem and calculating
the use of PFPA (SFPA) in automatic fire extinguishing systems. For given
parameters P and V of the automatic fire extinguishing system, the geometrical
parameters of PFPA (SFPA) are calculated, which allows to choose standard
products for the system of AFTS with a powder (solid fuel) pressure
accumulator taking into consideration length and area of combustion of charge.
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Problem formulation. Cases of destructive fires in the warehouses of
ammunition and explosive substances indicate the urgency of their fire safety. One
of the areas of warehouse protection is the use of efficient and high-speed
automatic fire extinguishing units. Ensuring the units working condition and the
reliability of their operation remains a problem.

Analysis of recent research and publications. Publications examining the
protection of ammunition and explosive ordinance warehouses with automatic fire
extinguishing systems offer the use of generally accepted systems that have a high
degree of inertia and need for rigorous maintenance. The article [1] considers the
possibility of using standard products of rocket armament of PFPA and SFPA to
create pressure in the storage tanks of the extinguishing agent, which enables the
maintenance of fire extinguishing systems without devices operating under high
pressure (such as gas cylinders and pressure vessels). This ensures an increase in
the reliability of the unit and facilitates maintenance in an operational condition. In
the papers [2, 3] the issues of obtaining volumes of combustion products during the
operation of PFPA and SFPA are considered. The above-mentioned works do not
consider the possibility of choosing the geometric parameters of PFPA (SFPA)
under the specific conditions of application.

Statement of the problem and its solution. The purpose of the work is to
construct an algorithm and solve the problem of choosing the geometric parameters
of PFPA (SFPA) for their use as sources of obtaining working pressure in the
equipment of automatic fire extinguishing systems of ammunition and explosive
substances.

The analysis of the main indicators of systems operation was carried out.
Taking into account the possibility of accumulation of the necessary stock and the
effect of use, it is proposed to use water as a fire-extinguishing agent. To ensure a



sufficient efficiency of quenching with a spraying water jet, we accepted the
working pressure in the system reservoir P, = 0.7 ... 0.9 MPa. Normative intensity
of water supply to the surface of a stack of ammunition was I = 0.4 1/ s - m® [4].
The conducted experiments showed that for humidifying the stack surface, the
operating time of the system can be taken 60 s. at the standard intensity of water
supply. The volume of the reservoir must be filled with a fire extinguishing agent
to no more than 85%.

Adoption of these data allows determining the required geometric
parameters of PFPA (SFPA) for use in automatic fire extinguishing systems.

The algorithm for solving the problem is shown in Fig.1

Input data time of the AFTS, t = 60sec;
intensity of water supply, I=0,41/s - m%
pressure in AFTS, P =0.7 ... 0.9 MPa.

v

Determination of according to [4]
regulatory costs and
parameters of the
hydraulic network

'

Calculation of the according to the formula V = 1.15 - Vater quenching
volume of the automatic
power supply

Calculation of parameters | charge mass;

of solid fuel charge geometric characteristics;
charge length;
burning area of charge.

Fig. 1. Algorithm for solving the problem of determining the parameters
of PFPA (SFPA) for AFTS

For the initial stage of the calculation, from the equation of the ideal gas
state we determine the required mass of gas at given parameters for automatic fire
extinguishing (P, V, R, and T =800 ° C).

PV
m=——. 1
RT 1)
Using equation (1) and knowing the operating time of the system, we
determine the required massive gas spending per second
m -M_PV @)

r ¢ RT



Equation (2) does not allow us to calculate directly those values (working
parameters) PFPA (SFPA). Thus, we use the equation of gas production of solid
fuel charge [2,3] and define

m )= pUS, . (3)

where m(+)- gas production charge, p. - 9as density, u - burning rate of

charge, SF - area of burning charge.

A separate issue is to calculate the rate of charge combustion, as it depends
on many factors (components PFPA (SFPA) and combustion phase (initial, final,
or other)).

Additionally, the operating time of an automatic system will be decisive to
determine the burning speed since these systems may be effectively applied only in
the initial stage of the fire, and then tanks. Therefore, given the relatively short
working time of this system (up to 1 minute), we assume charge burning rate value
to be constant, that is, u = const.

At the combustion of solid fuel charge PFPA (SFPA), the process in the
first approximation can be considered adiabatic, since gas does not go anywhere
but enters the capacity, which makes it possible to obtain (4) from (2) and (3)

m_ =m (+)° (4)

We substitute the value of massive gas consumption per second and gas
production of a charge in equation (5) and we obtain

PV
Pty = RT )

From equation (5) determine the burning area of charge

s -V (6)
' 1RTp U

Knowing the length of the charge [2, 3] we will write down

|, =ur. (7)

Then the formula for the burning area will be written down



PV

S =——. 8
r RTp I, ®)

Conclusions. Given the pressure parameters in the system, the volume of
the tank of the automatic fire extinguishing system and the estimated time of its
operation, it is possible to determine the geometrical parameters of the PFPA
(SFPA), which enables, according to the length and area of the charge combustion,
to select standard products for the system of AFTS with a powder or solid fuel
pressure accumulator.
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[.b.®enrox, A.M.Yepnyxa, K.B. Apremenko

Buznayennss reomerpuuyHux mnapamerpiB mopoxoBux (ITAT) i TBepaomanmBHMX
akymyasaTopiB  Ttucky (TAT) pas  3acrocyBaHHss B aBTOMATHYHHX YCTaHOBKaX
MO7KeKOTACiHHA

VY craTTi HaBelEeHUIl adropuTM pIlIEHHS 3aJadi Ta po3paxyHOK BHKopHucTaHHS [IAT
(TAT) B ycTaHOBKax aBTOMAaTH4HOro mnoxkexkoraciHHs. [Ipm 3amanmx mapamerpax P 1 V
aBTOMATHYHOI YCTAHOBKHM IIOXEKOTaCiHHA pO3paxOBYIOThCS TeoMeTpuuHi mnapamerpu I[IAT
(TAT), mo nae 3Mory o BeIMYMHAM JIOBXMHHU Ta IUIOII TOPIHHSA 3apsy NiAiOpaTH cTaHIapTHI
BupoOu 11 MoHTaxXKy AVIID™ 3 HOpoXoBUM (TBEpIONATUBHUM) aKyMYJISTOPOM TUCKY.

KuarouoBi cioBa: yCTaHOBKM MOXEXKOTAaCIHHSA, MOPOXOBUH 1 TBEpAONATMBHUM
AKyMYJISITOp THCKY.

N.b.®enrok, A.-H.Yepnyxa, K.B. Apremenko

Onpenesienune reoMeTpUYEeCKUX MapaMeTpoB MOPOXOBBIX (ITA LX) U
TBePAOTOINIMBHBIX AKKYMYJATOPOB AaBjaeHust (TAJl) njst npuMeHeHHs] B ABTOMATHYECKHX
YCTAHOBKAX IOKAPOTYIIECHHS.

B craThe npuBeeH anropuTM peluieHus 3a1aun 1 pacuer ucnoib3oanus [TAZl (TAH) B
YCTAaHOBKAaX aBTOMaTH4eckoro moxaporyumeHus. Ilpu 3aganHbsix mnapamerpax P u V
ABTOMATUYECKOM YCTAaHOBKHM IMOXApOTYLIEHHUsS] PACCUUTBHIBAIOTCS T€OMETPUUYECKUE IMapaMeETPhI
ITAJ] (TAH), 9uTo mO3BOJSET MO BEAWYMHAM JUTMHBI M TUIOMIAJAN TOPEHUS 3apsaa moaodpath
cTaHgapTHbIe u3aenus Uit MoHTaxa AYIID ¢ TOpoXOBEIM (TBEpAOTOIIIMBHBIM) aKKYMYJISTOPOM
JIaBJICHUS.

KiroueBble cjI0Ba: yCTaHOBKM IOXapOTYIIEHMs, IMOPOXOBOM M TBEPAOTOIJIMBHBIN
AKKyMYJIATOP JaBJICHHUS.



