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PECULIARITIES OF DEVELOPMENT AND EXTINGUISHING FIRES
AT THE OBJECTS WHERE LIQUIFIED PETROLEUM GAS IS STORED

The possibility of using sprayed water jets is established, primarily radial air jets, in vertical and horizontal planes in order to re-
duce the temperature of the burning Liquefied Petroleum Gas, starting from the cut-off of its expiration into free space. Various
technical means of supplying water in a spray and spray nozzles for their creation, which are used in solving the problem of reducing
the temperature of the burning Liquefied Petroleum Gas are viewed. It has been established that the active phase of the sprayed water
jet is most effective (0,5-0,75 of the lengths), which, acting under the cut of the flame is crushed to a finely dispersed phase under the
influence of a high-speed gas jet. As can be seen from the above, the heating rate of the finely dispersed water phase is increased up
to the gaseous state, which leads to a decrease of the temperature of the flame in its middle combustion zone. Consequently, in the
flame temperature will be much lower than the temperature of the flame cone, and, as a result, close to the extinction temperature.
The authors recommend the use of modern jet-forming devices to realize this goal — nozzles NRT-5, NRT-10, NRT-20, NRS, as well
as hand nozzles of the kind RSK-50, RS-A, RS-B, PROTEK. In order to cool, for example, one horizontal ground steel tank on both
sides, it is necessary to use at least two hydraulic guns, which will act as maneuvering. In this case, the flow of water from the
hydraulic gun with a diameter of the nozzle 25 mm will be from 16 to 18 liters per second. Therefore, the task is to find, calculate
and experimentally prove the efficiency of the thermal screen, which is created in the form of a moving water surface that can effecti-
vely protect a particular physical object from the thermal impact of the heat zone. In order to reduce the flow of water to cool the
tanks, the authors suggest using the NRS to create radial (flat) water jets. Application of such a nozzle allows to increase the area of
simultaneous cooling of the maximum surface area per unit time due to the expansion of the angle of the spray jet spark. The water

consumption does not exceed 13 liters per second.

Keywords: heat current; water spray; nozzle; Liquefied Petroleum Gas.

Introduction. Peculiar features of the development of
fires at the objects where Liquefied Petroleum Gas (LPG) is
processed and stored are determined by the properties of
this gas. During depressurization of the facilities and free
emission of LPG to the atmosphere, due to the high velocity
of evaporation vapor clouds of large size may be formed,
which depend on the amount of gas, that immediately blas-
ted, or the speed of the emission, as well as climatic condi-
tions (wind speed, air temperature, etc.).

The most probable cause of an emergency leakage of
the product is the loss of tightness of the equipment due to a
violation of the technological process and malfunction of
emergency systems and devices. As a rule, an outbreak oc-
curs from a third-party source, because the maximum tem-
perature of the product does not exceed the temperature of
self-ignition.

Materials and methods of research. Fires at the ob-
jects where LPG is processed and stored are characterized

IHpopmauisa npo asTopis:

by the possibility of manifestation in various combinations
of such dangerous phenomena:

e thermal influence of the "inflammation" (explosive initiation);

¢ the influence of the compressed air wave (explosive blast);

¢ thermal influence of the jet flame of burning gas;

e thermal influence of the flame of the pool fire;

® thermal influence of the fire ball.

Since the density of the vapor of most LPG exceeds the
air density, vapor clouds can drift in the surface layer of the
atmosphere at considerable distances. During the burning of
such clouds, their rapid combustion may occur without an
explosion in the form of a flash or combustion with an
explosion with the formation of a compression wave.

Combustion with an explosion with the formation of a
compression wave may occur, when vapor clouds cover
cluttered areas of the territory (half-closed volumes, techno-
logical equipment with high density of placement, forest ar-
rays), as well as when the long pipes, cavities and so on get
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into the cloud.

During depressurization of the facilities, in which lique-
fied gases are under pressure, steam-air jets are formed, the
ignition of which leads to the formation of radial jet flames,
as well as jet flames, close to the symmetric axis. The influ-
ence of such flames, that often have a large length, on the
facilities leads to its damage and the involvement of more
and more gas to the combustion.

The thermal influence of jet flame or pool fire on the
liquefied petroleum storage tanks may destroy them and
form fire balls with a large radius of mortal damage to pe-
ople by thermal radiation.

When storing liquefied gases in isothermal land reposi-
tories, there is a great danger of the possible destruction of
such repositories. The hydrodynamic wave formed in such
cases can destroy the bund wall or overflow through it with
the formation of straits of large areas. When liquefied gas is
evaporating from such straits, steam-air clouds of large size
are formed. The burning of such straits can lead to fires in
neighboring objects.

One of the peculiar features of the fires at the objects
where LPG are stored and processed is the possibility of
chain (cascade) fire development.

According to the authors, in order to prevent the deve-
lopment of a fire and its elimination, it is necessary to pro-
ceed from the following:

e ifit is impossible to prevent the flow of the LPG into open space
it is necessary to ensure its burnout under control;

¢ all actions on the localization of the fire should be aimed at pre-
venting its development and the effects of hazardous fire factors
on the personnel;

e fireground commander has to evaluate timely the possibility of ma-
nifestation of hazardous factors that could endanger the health and
life of the personnel and ensure timely evacuation into a safe area.
For this purpose methods of quantitative assessment of

the parameters of the acute factors of accidents with fires
and explosions should be used for the development of fire
extinguishing plans at the objects where the LPG are stored.

When considering the physicochemical properties and
indicators of explosive hazardous substances, it should be
taken into account that in practice, as a rule, dealing with a
two-phase liquid-gas system (steam) takes place.

Primary goal of the fireground commander and units of
the rescue service is the localization of combustion of LPG
and creation of safe conditions for the burnout of the product.

Technical characteristics of modern fire-fighting means
to create spray water jets, which can be used to reduce the
intensity of the heat flow by irrigation of the flame flare
were analyzed (Table).

Results. Through computer simulation and simulation
in laboratory conditions authors came to the conclusion,
that the most effective actions of the units of the rescue for-
ces during the accidental occurrence of jet spray combusti-
on LPG is the use of spray jets of fan type. Usage of the ac-
tive phase of such a jet (0,5-0,75 of its length), when appli-
ed directly under the cutting zone of the core of the flame 1,
that is a high-speed stream (Fig. 1), it is possible to achieve
the maximum fractionation of the water jet into the fine-dis-
persed phase and so to increase the speed of its heating up
to the limit of the gaseous state, which will reduce the tem-
perature of the flame in its middle zone of renewal 2 at the
expense of intensive heat removal from the combustion zo-
ne to the heating and evaporation of water.

Table. Technical Characteristics of Modern Means to Create Spray Water Jets

. Lo Fire-Fighting Equipment for Spray Water Jets
Types of Fire Fire Eztlngu ishing Method of Application Fne Application
gents Hand-Held Branch Adjustable Nozzle
NRT-5
Flare burning Irri'gation of t'he flame flare With the RSK-50 NRT-10
symmetrical along Spray water jets active (effective) part of Fhe jet (0,5'- PROTEK NRT-20
the axes iets of LPG 0,75 of the length) (Ivannikov, & Kli- RS-A Nozzle's for radial water
J us, 1987) RS-B jets (NRS)
(Dendarenko, 2004)
Irrigation of the flame flare with the RSK-50 NRT-5
Flare burning of fan- S ter jet active (effective) part of the jet (0,5- PROTEK NRT-10
type jets of LPG pray water jets 0,75 of the length) with the purpose of RS-A NRT-20
localization of combustion RS-B NRS
The flares of the sprayed water jets NRT-5
Spray water jets must overlap the entire combustion NRT-10
The strait burning surface NRT-20
Air-mechanical foam of | Isolation of the entire surface of the GPS-600 NRS
average multiplicity strait GPS-2000

Fig. 1. The structure of the formation of high-speed gas flame when
it enters the airspace through a free hole

Thus, the temperature of the flame at the flare area
3 will be much lower than the core temperature and, as a re-
sult, closer to the extinction temperature.

In order to cool, for example, one horizontal ground ste-
el tank on both sides, it is necessary to use at least two
hydraulic guns, which will act as maneuvering. In this case,
the flow of water from the hydraulic gun with a diameter of
the nozzle 25 mm will be from 16 to 18 liters per second
(Ivannikov & Klius, 1987). Therefore, the task is to find,
calculate and experimentally prove the efficiency of the
thermal screen, which is created in the form of a moving
water surface that can effectively protect a particular physi-
cal object from the thermal impact of the heat zone.

In order to reduce the flow of water to cool the tanks,
the authors suggest using the NRS to create radial (flat) wa-
ter jets (Fig. 2) (Dendarenko, 2004; Sherenkov & Denda-
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renko, 2002). Application of such a nozzle allows to incre-
ase the area of simultaneous cooling of the maximum surfa-
ce area per unit time due to the expansion of the angle of
the spray jet spark. The water consumption does not exceed
13 liters per second (Dendarenko, 2004).

Fig. 2. General View of the NRS

At Fig. 3; 4 possible schemes for the use of the NRS for
the cooling of emergency horizontal and globular ground
metal tanks with liquefied gas are shown.

%

Fig. 3. Scheme of Cooling of the Horizontal Reservoirs with Lique-
fied Gas via NRS During a Fire: 1) hydraulic gun PLS-20P;

2) NRS; 3) radial water jet; 4) horizontal ground steel reservoir;

5) pressure fire hose lines

Fig. 4. Scheme of Cooling of the Globular Reservoirs with Liquefi-
ed Gas via NRS During a Fire: 1) hydraulic gun PLS-20P; 2) NRS;
3) radial water jet; 4) globular steel reservoir; 5) pressure fire hose
lines

Conclusions:

1. One can implement an active impact on reducing flame
temperature of the burning LPG with the help of spray fan-
type water jet, using the flame structure of the burning
LPG by inserting a jet under the cutting zone of its core.

2. A new way of cooling the horizontal and globular liquefied
gas tanks is proposed, which will allow to maintain bearing
and fencing properties of their structural elements in the
conditions of the elimination of fires and emergencies with
a significant reduction in water consumption and the requi-
red number of personnel of the operational and rescue ser-
vice units.
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OCOBJIMBOCTI PO3BUTKY TA TACIHHA ITOXKEXK HA OF'€KTAX 35EPITAHHA

3PI/UVKEHUX BYTJIEBOAHEBUX I'A3IB

BcTaHOBIIEHO MOXKIIMBICTE 3aCTOCYBAHHS PO3MIJICHUX BOASHHUX CTPYMEHIB, IEPEBAXKHO BOISHHUX CTPYMEHIB BISUIOBOTO THILY, y
BEPTHUKAIBHIA Ta TOPU30HTANIBHIN IIIOMMHAX JUIS HOHW)KEHHS TEMIIEpaTypH MOJIyM'sl MAJIAIOUNX 3pIUKEHUX BYIJICBOIHEBHX TrasiB,
MOYMHAIOYN 31 3pi3y HOro HagXOPKEHHS y BUIBHHH MpocTip. Po3missHyTO pi3Hi TeXHI4HI 3acO0M NOMaBaHHS BOAH y PO3NMICHOMY
BUIIISAZI Ta HACAJKH-PO3MIIIIOBAYL IS X CTBOPECHHS, SIKI 3aCTOCOBYIOTH Y BUPIIICHHI MPOOIEMH 3HIDKCHHS TEMIEPaTypH IOXKexkKi
3pIIVKEHNX BYIJIEBOIHEBHUX ra3iB. 3'ICOBaHO, IO Haile()eKTHBHINIOI € akTHBHA (a3a po3mmieHoro BomsHoro crpymens (0,5-
0,75 HOBXWHN), KA, HAAXOASYM Mij 3pi3 sapa MOIyM's, MiJ BIUIABOM BHCOKOIIBHIIKICHOTO Fa30BOTO CTPYMEHS MOAPIOHIOETHCS Ha
npibnoaucnepcHy dasy. Takum crocoboM 30iTbIIyeThCS IBUAKICTS HarpiBaHHA APpiOHOAMCHEPCHOI (a3l BOIH aX 10 MEXi ra3omo-
IIOHOTO CTaHy, IO MPU3BE/E 10 3HIKCHHS TeMIIEpaTypH MOJIyM'ss y HOro cepeaHii 30Hi IIOHOBIICHHS 3aBASKH iHTCHCUBHOMY Bifi00-
py Temna i3 30Hx ropinHs. OTxe, y pakenbHil 30HI TemMIeparypa noxym's Oyae 3Ha4HO HIDKYOIO 32 TEMIIepaTypy sapa Ta, siK Hacwi-
JIOK, HaOJIMKEHOIO 10 TeMIlepaTypy cTyxaHHs. [l peanizanii i€l MeTH peKOMEH0OBaHO 3aCTOCYBAHHS Cy4aCHUX CTPYMEHEYTBOPIO-
BaJbHUX mpucTpoiB — Hacanku HPT-5, HPT-10, HPT-20, HPC, a Takox py4ni noxexHi creoiu tany PCK-50, PC-A, PC-b, PRO-

TEK.

Kniouogi cnosa: TetoBuii MOTIK; PO3NIICHNH BOISTHUM CTPYMiHb; HaCaI0K; 3piIXKEHUH BYTJIEBOXHEBHI ras3.

126 Haykoswit BicHuK HATY Ykpaitu, 2019, T. 29, Ne 2

Scientific Bulletin of UNFU, 2019, vol. 29, no 2



