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Abstract. The experimental researches of gas flame suppression by means of high speed impulse liquid jet generated by powder im-
pulse hydro-cannon have been carried out. The speed of the impulse jet depending on a charge energy ranged in the experiment from
300 to 600 m/s. By means of the laser non-contact measuring device the speed of the head jet right near the gas flame has been meas-
ured, the flow has been photographed. It has been shown that round the high speed impulse liquid jet in the air the high-speed cloud
of splashes with the big cross-section is being formed which effectively forces down a flame of the gas flame on distances 10 - 20 m

from installation.
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Introduction. Fire extinguishing represent a complicated
man-caused emergency. Response actions to such an
emergency require substantial financial expenditure and
involvement of a great number of firefighting equipment
units and manpower. Open blowouts as for their power
level are divided into [1]:

- small-scale with gas output less than 0,5 min m® per day
and oil output less than 100 t per day;

- medium-scale with gas output (0,5+1,0) mIn m?® per day
and oil output (100+300) t per day;

- powerful with gas output (1,0+10,0) mln m® per day and
oil output (300+1000) t per day;

- high-power with gas output more than 10 min m® per
day and oil output more than 1000 t per day.

Practice shows that fire and accident occurrence in oil
and gas wells amounts on average to 0,12 cases in 100
wells [2]. For instance, in the fields based in Texas num-
ber of blowouts during prospecting drilling amounts to
approximately 244, during development drilling on a well
it makes up 180, during well completion — 64, during well
work over (also called reworking) — 197, during well op-
eration — 85. In the fields located on American continen-
tal shelf, number of blowouts is lower and makes up re-
spectively 45, 49, 25, 23 and 12. It is due to a smaller
quantity of wells and to the usage of more reliable well
casing design and down hole and wellhead equipment.

1. Modern methods of putting out of gas blowout.
At least ten different methods of fire extinguishing of oil
and gas blowouts have been developed because of an out-
standing complexity of the technical problem on one
hand, and of limited efficiency of each method on the
other hand [3]. In the paper [4] are provided main meth-
ods of putting out of gas flame fires according to their
type.

The carriage barrels (hydraulic monitors), gas-water
firefighting cars (AGVT-100 and AGVT -150) and pres-
sure-operated powder flame-arresters (PPP-200) are wide-
ly used in Ukraine and in other CIS countries for the pur-
pose of fire extinguishing in open blowouts [3].

The hydraulic monitors are used for putting out of gas,
gas-condensate and oil open blow-out of small power, be-
cause their barrel should be installed at a 15 m distance,
which is not allowable for the putting out of blow-outs
with bigger output [5]. Several hydraulic monitors are
used for putting out of the open blow-outs of medium-
sized power and water delivery is implemented at two
levels. For a long time this method of putting out the gas
blow-outs has been the leading one. It consists in the fol-
lowing: water jets supplied from hydraulic monitors are
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directed on the well mouth at blow-out base. Afterwards
the water jets are raised up synchronously until complete
flame lift-off from the well.

The gas-water firefighting cars (AGVT-100 and
AGVT -150) are used for putting-out of all kind of the
blow-outs, but more often for powerful blow-outs. The
gas-water jets produced by these plants represent an inert
mixture of exhaust gas of a turbojet engine and water
spray. The gas-water jets are made up of 60% of water
and 40% of gas. The oxygen concentration is not more
than 14% at barrel outlet. More far from the nozzle the
higher is the oxygen concentration and at a working dis-
tance of 12-15 m it makes up 17-18%. The water evapo-
rates partially at gas burning hot jets, water at sprayed
state arrives to burning zone [3].

The pressure-operated powder flame-arresters PPP-200
are used for putting out of high-power blow-outs [3]. The
putting-out is done due to powder influence on the burn-
ing torch. The powder discharge is carried out at the ex-
pense of compressed air energy. The fire extinguishing
powder concentration is created during a short period (1-2
s) by directed volley discharge.

The similar principle is implemented in devices based
on tank chassis T-62 (Impulse-1, Impulse-2, Impulse-3
as well as Impulse-Storm). The device has 50 barrels
(Impulse-1 has 40 barrels), each of them has 30 kg of
powder. The Impulse-Storm device can deliver 1,5 tons
of extinguishing powder in 4 seconds. This permits to
create a powerful fire extinguishing impact at once and
simultaneously through the whole area and volume. The
main feature of this device is its powerful impact action
on the fire seat together with its fire extinguishing effects
produced by special powder mix.

The method of high explosive detonation is often used.
The impact wave of high speed is generated (up to 1000
m/s) [2-5]. High explosive charge is delivered to the
mouth of the well through wire rope or by a rail track car.
The main weak points of this method are high danger, big
and complicated preparation work and big quantity of
high explosive necessary (100 — 1000 kg).

Methods of open gas and oil blowouts killing with pri-
or flame extinguishing and subsequent elimination of
flowing well as an exploration site have become widely
spread in the world practice [2, 6].

It is worth pointing out that along with advantages of
above listed methods all of them are characterized by a
common disadvantage. This drawback consists in short
delivery distance of fire extinguishing agent and that is
inadmissible in the presence of high heat radiation of gas
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flame. Thus, while extinguishing method by means of car-
riage barrels and gas-water extinguishing cars the optimal
delivery distance is 15 m [3, 4, 5], and safety distance
Lsarety for manpower from flame with the output V
=0,5 mIn. m*/day is equal approximately to 50 m (fig. 1).
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Fig. 1. Safety distance from burning gas flame

Thus, for fire-fighting and putting-out of gas blowouts
the most promising of technologies is to develop devices
that can guarantee the discharge of fire-extinguishing
mixtures from distances which are safe for personnel con-
sidering heat emission.

2. Promising areas of development of gas blowout
extinguishing devices. In all times the most available and
simple fire-fighting resource has been water. Water is
widely used in firefighting practice. It is evident that
among gas blowout extinguishing mediums water is the
most used agent compared to other extinguishing means
due its availability, cheapness, simple delivery and use, as
well as its high fire extinguishing properties.

For the time being the most promising fire-fighting
method is the use of fine-water mist. The main mecha-
nism of putting out the fire by fine-water mist is cooling
of burning material and formation of a steam cloud, which
localizes the burning center. If the drops do not have
enough kinetic energy, they will not be able to overcome
the barrier of convective stream of hot gas, which is gen-
erated by flame, and as the result will not be able to reach
the flame surface and neutralize this process. In this case
fine-water mist could only be used as an auxiliary mean
and not the main fire-fighting method.

The drop diameter influences mainly the effectiveness
of putting out procedure. Decreasing of drop diameters in
fine-water mist can considerably decrease water rate nec-
essary for putting out of the flame. At the same time de-
creasing of particle size obstructs maintenance of drop
high speed and promotes faster drop evaporation in zone,
which is previous to flame. This factors decrease the ef-
fectiveness of fine-water mist putting out. The analysis of
different authors prove that optimal drop diameter is equal
0 dyy, € (100-+150) Mkm [7].

For water delivery from safety distance to the burning
flame it is necessary to support the high speed at fire-
fighting device output. Calculated value of this speed
should take into account losses during the jet flight and
provide required speed directly before blow out for over-
coming of convective stream as well as “separated” im-
pact on blow out. The equilibrium position of blow-out
flame drifts with flow with increasing of the flow speed.
This is the substance of “separated” impact. The recent
aero-steam ignitable mixture becomes more and more di-
luted with moving away due to reciprocal diffusion with

steam. This mixture speed decreases proportionally to the
dilution degree and exceeds the burning speed at some
critical steam value; the jet is broken for a moment, and
the flame is driven upward and separated from it.

The speed of flame separation can be calculated on the
basis of the following empirical formula [8]

Vse paration = 100?{/6’ (1)

where d — initial diameter of flame blow-out in meters.

The analysis of specific data concerning flame charac-
ter changes with increasing of the speed of burning jet
shows that separation of diffusion flame is going on at 80
— 100 m/s. It is evident that mentioned values of speed
from safety distance (110 — 130 m) could be guaranteed
with high speed liquid jets. These jets are generated by
devices which are similar to impulse hydro cannons.

3. Schemes of the performance of the experiment. In
order to prove the possibility of putting out of gas flames
by high speed impulse liquid jets and to define necessary
extinguishing parameters experimental studies have been
carried out. The purpose of these experiments were to de-
termine whether it is possible to put out gas blow-outs by
impulse hydro cannon, to determine the running speed of
cross flow of liquid in which the flame is extinguished,
and to define the zone to which the jet should be aimed in
order to guarantee flame extinguishing process.

Gas blowout model has been calculated on the basis of
aerodynamical similarity factor, which characterizes the
processes of gas mixing with surrounding atmosphere. It

depends on pressure and gas jet thickness.
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where w, — gas outflow velocity, m/s, g — speed-up of
free fall, dy — well diameter, m.

Gas blowout modeling for blow-out burning with out-
put (1+3)-10° m*day has been carried out. Mas tree wells
diameters (0,065+0,3) m. In the experiments the simula-
tive fire seat of gas blow-out corresponding to average pa-
rameters has been used.

In fig. 2 the scheme of performance of the experiment
aimed at speed definition of the cross flow of the liquid
enough to put out the gas flame.
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Fig.2. Scheme of experiment performance that is aimed at
speed definition of the cross flow of the liquid when the gas
flame is extinguished: 1 — powder impulse hydro-cannon, 2 im-
pulse jet, 3 — simulative gas blow-out fire seat, 4 — speed meas-
uring device.

From the impulse-type hydro-cannon 1 a series of
shots with high-speed impulse jet 2 have been made onto
the simulative gas blow-out fire seat 3. Qualitatively the
burn termination has been registered and the high-speed
jet speed at the torch has been measured with the help of
speed measuring device 4 at different distances from the
impulse water-gun to the torch. The distance from the
plant to the torch has been measured by measuring tape.
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Layout of the powder impulse hydro-cannon by means
of which was carried out the experimental research is de-
scribed in the fig. 3 [9].
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Fig. 3. Powder impulse water-gun: 1 — igniter, 2 — combus-
tion chamber, 3 — water, 4 — barrel, 5 — binding belt, 6 —nozzle, 7
— collimator, 8 —wad, 9 — gate.

The barrel 4 of powder water-cannon, that at the end
has a conical nozzle 6 with a collimator 7 is filled up with
water 3. Charge of gun-powder 2 is separated from water
charge 3 by means of a wad 8. For reinforcement the most
stressed section of the barrel is strengthened by a binding
belt 5, fixed on the barrel with backward tension. Gun-
powder charge 2 in the casing of water-gun is fixed by a
gate 9, inside which there is an igniter 1. At the start time
the igniter 1 is actuated and fires the gun-powder charge
2. Powder gases that are generated during powder burning
start expulsing and ejecting water charge 3 through the
conical nozzle 6 in the form of impulse liquid jet. The
outflow of liquid jet starts with a relatively small velocity
that increases with increasing the pressure of powder gas-
es. Detailed description of the powder impulse water-gun
and theoretical calculations of its main parameters are
presented in the work [10].

4. Experiments of putting out the simulative/model
gas blow-out by means of a hydro-cannon. In the first
stage of experimental research the motion speed of cross
flow of the dropping liquid, at which the simulative gas
blow-out fire seat is extinguished has been defined. A se-
ries of fire shots have been made from distances of 5, 10,
12 and 15 meters for powder charges of 5, 10 and 15 g. In
the experiments the speed of impulse jet head section be-
fore the torch has been measured, the jet has been photo-
graphed and video filmed at its different diffusion stages.
The speed of the head section of the jet was measured by
means of non-contact laser speed measuring device that
allows to record the speed in the range from 50 to 3000
m/sec. The results of such experiments are shown in the
table 1.

The analysis of the videogram in the fig. 6 has shown
that the jet approaches the gas torch (b) and isolates the
burning zone from arrival of fresh gas and air mix (c, d).
Further (e, f) the jet impact zone increases, between the
burner and the flame is generated a rupture out of gas, wa-
ter and liquid drops mix. The gas concentration in the rap-
ture zone is lower than the concentration limit of flame
diffusion, that prevents from burning renewal. The restart-
ing of burning is prevented as well by the fact that the
speed of after-burning of combustible gas is higher than
the speed of arrival of new combustion products.

The carried out experiment have shown that impulse
liquid jet of powder hydro-cannon can extinguish a simu-
lative gas blow-out fire seat at a distance of 10 meters and
more. Further research of gas torch extinguishing by high-
speed impulse liquid jets must be aimed at studying how

to optimize the parameters of powder hydro-cannon, at
studying of the choice of efficient layout of impulse hy-
dro-cannon and at analyzing of diffusion dynamics of im-
pulse liquid jet in the air.

Table 1.
Results of experimental research

Distance from | Speed at Result of puttlrlg out the

Powder torch:
Ne hydro-cannon | the torch, L

Mass: 9 | o the torch, m | mi/sec * - extinguished

’ — - not extinguished

1 5 227 +
2 5 10 87 +
3 15 63 -
4 12 71 -
5 5 338 +
6 10 105 +
7 10 15 69 -
8 12 82 +
9 5 428 +
10 10 125 +
11 15 15 78 -
12 12 108 +
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Thus it has been stated that the motion speed of the
cross flow of dropping liquid at which the extinguishing
of simulative gas blow-out fire seat occurs is in the range
(80+90) m/sec that confirms our theoretical assumptions.

The torch extinguishing process by means of high-
speed jet has been studied through video filming. In the
fig. 6 the videogram of this process is provided.
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Fig. 6. Videogram of extinguishing of gas blow-out fire seat

by impulse high-speed jet

199,7 ms 2329ms 2655 ms 300,6 ms 331,9ms

Conclusion. The experimental researches of simulative
gas blow-out fire seat extinguishing by means of high-
speed liquid impulse jets generated by powder impulse
hydro-cannon have been carried out. In the experiments
by means of laser non-contact speed measuring device the
speed of dropping liquid cross flow at which the extin-
guishing of simulative gas blow-out fire seat occurs, has
been measured, as well as the aiming zone with the jet
from impulse-type hydro-cannon that will cause the blow-
out extinguishing has been defined. Maximum design
speed of the impulse jet depending on charge energy
ranged from 300 to 600 m/sec, that complies with the
measured values.

Experimental research has shown that the speed of
dropping liquid cross flow at which the extinguishing of
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simulative gas blow-out fire seat occurs is in the range of

(80+90) m/sec.

REFERENCES (REFERENCES TRANSLATED AND TRANSLITERATED)

. Malevanskiy V.D., 1963, Open gas blow-outs and their extin-
guishing, Moscow, Gostoptechizdat, 288 pp.(in Russ.)

. Chabayev L.U., 2009, Technological and methodological ba-
sis of prevention and fire extinguishing of gas blow-outs dur-
ing well operation and maintenance, Thesis abstract of a Doc-
tor’s degree in Technical Sciences, spec. 05.26.03 “Fire and
industrial safety (oil and gas complex)”, Ufa, Lecha Usma-
novich Chabaev: 47 (in Russ.).

. Vinogradov S.A., Gritsyna I.N., 2011, “Analysis of fire extin-
guishing methods in oil and gas blow-outs” // Proceedings of
XIII Pan Ukrainian research and practice conference of res-
cue workers. Kiev, September 20-21, 2011: 202-205 (in
Russ.).

. Field manual of firefighting service (approved by a President
decree of Committee on State Control and Supervision in the
field of Emergency Situations of the Ministry for Emergency

Situations of Kazakhstan Republic from 27.12.05 No. 373)
(in Russ.).

5. Mamikonyants G.M., 1971, Fire extinguishing in oil and gas
gushers, Moscow, Nedra: 95. (in Russ.).

6. Holand P. Offshore Blowouts. Causes and control / Holand P.
- Gulf Publishing Company Houston, Texas, 1997. - 163 p.

7. Abramov Yu.A., 2001, Processes modeling in fire-hose noz-
zles, Kharkov, Folio, 195 pp. (in Russ.).

8. Mikheyev V.P., 1966, Gas fuel and its burning, Leningrad,
Nedra, 327 pp. (in Russ.).

9. Semko A.N., 2007, Impulse jets of high-pressure liquid, Do-
netsk, Veber (Donetsk branch), 149 pp. (in Russ.).

10. Vinogradov S.A. Raising efficiency of extinguishing of gas
blowouts:— A manuscript: thesis abstract on competition of a
scientific degree of candidate of technical sciences: spec.
21.06.02 “Fire safety” / S.A. Vinogradov.- Kyiv, 2012. — 24 p
(in Ukr.)

Bunorpanos C.A. Hcnoap30BaHne HMIYJIbCHBIX BBICOKOCKOPOCTHBIX CTPYH KMAKOCTH JJIsI TYIIEHHSI Ta30BBIX (P)OHTAHOB
Annortanusi. [IpoBeneHs!I SKCIIepIMEHTAIbHBIE NCCIEAO0BAHMS 110 TYIICHUIO I'a30BOT0 ()OHTaHA MMITYJIbCHBIMH BEICOKOCKOPOCTHBI-
MH CTPYSMH XKUJIKOCTH, TeHEPUPYEMBIMH ITOPOXOBOii ruapomyikoii. CKOpoCcTh CTPYH B 3aBUCHMOCTH OT HOPOXOBOTO 3apsija KoJie-
6amacek ot 300 mo 600 m/cek. C MOMOIIBIO JIa3epHOW OECKOHTAKTHON CHCTEMBI H3MEPEHHSI CKOPOCTH OBLTH MPOBEICHBI 3aMEPHI CKO-
POCTH JIBH)KEHHUSI TOJIOBBI CTPYH OKOJIO IiiaMeHH. KpoMe 3Toro, mpoBefieHa CKOPOCTHas BUACOChEMKa Mpoliecca TyuleHus (akena.
YcraHoBiIeHO, 9TO 3()(HEeKTHBHOE MONEPEYHOE CeUYeHHE BBICOKOCKOPOCTHOU cTpyH (opmupyercs Ha pacctossHun 10-20 M oT coruia
THIPOILYIIKH.
Knrouesnle cnosa: umnynocnas cmpys sH#CuoKOCmu, NOpOXo6ds 2UOPONYUIKA, 2a306bli PQOHMAH.
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