
16  ISSN 2071-2227, Науковий вісник НГУ, 2016, № 3

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

1 – Ivano-Frankivsk National Technical University of Oil 
and Gas, m. Ivano-Frankivsk, Ukraine, e-mail: karimat@
rambler.ru
2 – Poltava National Technical University, m. Poltava, Ukra-
ine, e-mail: savicppntu@rambler.ru; petja_men@ukr.net

УДК 622.242.6

IMPROVING THE EFFICIENCY OF FOAMGENERATING DEVICES 
OF PUMP-CIRCULATIVE SYSTEMS OF DRILLING SETS

М. М. Лях1, канд. техн. наук, проф.,
В. М. Савик2, канд. техн. наук, доц.,
П. О. Молчанов2, канд. техн. наук, доц.

1 – Івано-Франківський національний технічний уні  -
верситет нафти і газу, м. Івано-Франківськ, Україна, 
e-mail: karimat@rambler.ru
2 – Полтавський національний технічний університет 
імені Юрія Кондратюка, м. Полтава, Україна, e-mail: 
savicppntu@rambler.ru; petja_men@ukr.net

ПІДВИЩЕННЯ ЕФЕКТИВНОСТІ ПІНОГЕНЕРУЮЧИХ ПРИСТРОЇВ 
НАСОСНО-ЦИРКУЛЯЦІЙНИХ СИСТЕМ БУРОВИХ УСТАНОВОК
Purpose. Increasing efficiency of foamgenerating devices of pump-circulating systems of drilling sets. The 

purpose is achieved through implementation of the following tasks:
- the carrying-out of the analysis and selective choice of theoretical and experimental results, geometrical pa-

rameters, work modes of foamgenerating devices;
- the development and explanation of rational schemes of equipment strip and devices for cleaning oil and gas 

wells with foam.
Methodology includes:
- the analysis of conditions and experience of exploitation of different constructive peculiarities of devices and 

equipment of pump-circulating systems for cleaning wells with foam;
- the mathematical modelling of foam formation in ejection foamgenerating device using the laws of energy 

balance, flow continuity, conservation of momentum, Laplace criterion, Weber and Mach’s figures and Lishevs-
kiy’s equation;

- the computing modelling of foamgenerating device was performed with the purpose of optimizing its internal 
constructive elements;

- the experimental definition of main parameters and work modes, considering the construction change of 
foamgenerating device.

Findings. Theoretical research studies has been carried out to reveal and define the influence of the most im-
portant factors and optimal geometrical parameters and work modes of foamgenerating devices have been selected 
which provided the highest efficiency of well cleaning with foams. Experimental research studies have been carried 
out to define the connection between the geometrical shapes, parameters, work modes of foamgenerating devices 
and the efficiency of foam formation.

Originality. The theoretical and experimental research studies of fluid streaming, air and their mixture through 
constructive elements of the equipment allow revealing the regularities of connection of the efficiency of foam 
formation and parameters and work modes of foamgenerating devices.

During the research:
- connection between the quality of foam formation and constructive peculiarities of detached elements of 

foamgenerating device was defined;
- there were advanced mathematical models of motion streams of fluid, air and foam through constructive ele-

ments of foamgenerating device and detached elements of equipment of pump-circulating system ;
- analytic dependences of motion of fluid, air and foam streams and the work efficiency of foamgenerating 

devices on their constructive peculiarities were explained theoretically and experimentally;
- the method of choosing the optimal constructive shapes of elements in foamgenerating devices that influence 

the formation of fluid, air and foam streams has been explained scientifically.
Practical value. Due to the performed theoretical and experimental research studies, we have defined the ra-

tional geometrical shapes and parameters, set the optimal work modes of foamgenerating devices, which are the 
basic for creating new high efficient foamgenerating devices. We have suggested a row of methods and instrumen-
talities of constructive and technological character for booming the efficiency of well cleaning with foam solution. 
The results have been used during the development of pump-circulating system for well cleaning with foam solution.

Keywords:  the foamgenerating device, the pump-circulating system, the aerative fluid, foam, the fluid 
stream

© Liakh M. M., Savyk V. М., Molchanov P. О., 2016

M. M. Liakh1, Cand. Sc. (Tech.), Prof.,
V. М. Savyk2, Cand. Sc. (Tech.), Assoc. Prof.,
P. О. Molchanov2, Cand. Sc. (Tech.), Assoc. Prof.



ISSN 2071-2227, Науковий вісник НГУ, 2016, № 3 17

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

Introduction. The	drilling	of	oil	and	gas	wells	 in	
dispersed	and	unstable	rocks	is	connected	with	certain	
difficulties,	namely:

	high,	even	catastrophic,	absorption	of	drilling	solu
tion	 and	 connected	 with	 it	 significant	 expenditure	 on	
providing	chemical	agents,	preparation	of	cleaning	fluid,	
lowering	of	intermediate	columns,	plugging	works	etc.;

	the	washing	of	unstable	rocks	with	drilling	solu
tion	that	does	not	allow	getting	a	qualitative	core	 for	
geological	research;

	appearing	of	complications	in	the	process	of	drill
ing,	 connected	 with	 washing	 of	 well	 walls,	 core	 cre
ation	deposits	on	the	bottom	of	sludge,	catching	and	
wedging	of	a	drilling	pump	and	others;

	 during	 the	 revealing	 of	 oil	 and	 gas	 horizons,	 a	
producing	reservoir	can	be	plugged	with	drilling	solu
tion	lacking	the	predicted	effect.

The	 situations	can	be	prevented	by	using	gas	and	
liquid	 mixtures	 as	 drilling	 solution;	 compared	 with	
washing	fluids,	they	have	a	number	of	advantages	and	
give	the	possibility	to	remove	all	mentioned	facts.

Gas	and	fluid	mixtures	are	dispersed	systems	that	
consist	 of	 two	 elements	 –	 gas	 and	 liquid	 ones	 (the	
mixture	 of	 water	 and	 various	 chemicals:	 surfactants,	
inhibitors,	stabilizers,	etc.).

The	 aerative	 fluids	 and	 foam	 are	 the	 most	 wide
spread	in	Ukraine.	In	our	case	we	consider	 foam	and	
equipment	 connected	 with	 them.	 During	 the	 drilling	
process	by	washing	a	face	with	foam	there	is	mechanical	
speed	of	drilling	in	solid	rocks	increases	(approximately	
by	4	times),	compared	with	drilling	solution,	and	makes	
it	possible	to	avoid	the	absorption	in	porous	and	frac
tured	rocks	and	mudding	permeable	 layers.	While	 re
vealing	 and	 reclaiming	 productive	 horizons,	 the	 pro
ductivity	of	wells	 increases	by	1.5–2	 times	along	with	
the	reduction	of	reclaiming	terms	by	4–5	times	[1,	2].

The	process	of	foam	formation	is	difficult	since	it	is	
influenced	 by	 physical	 and	 chemical,	 physical	 and	
technical	and	other	factors.	As	a	rule,	to	get	foam	we	
have	to	use	 foamgenerating	devices	of	different	 types	
and	work	principles	[3–5].	All	existing	devices	can	be	
recommended	for	drilling	of	shallow	exploration,	geo
physical	and	other	wells.

According	 to	 the	 information	 from	 available	 re
sources,	at	present	there	is	lack	of	equipment	for	drill
ing	of	oil	and	gas	wells	with	foam,	which	allows	form
ing	foam	with	given	parameters	and	dispersion.

Everything	mentioned	above	confirms	the	topical
ity	of	the	work	and	necessity	of	further	scientific	and	
research	works,	aimed	at	 increasing	 the	 foam	system	
efficiency	while	drilling	with	foam	solution.

Analysis  of  the  recent  research  and  publica-
tions.	The	article	analyses	theoretical	and	experimen
tal	 works,	 considering	 modern	 level	 of	 machines	 for	
foam	 solution	 preparation:	 Amiyan	 A.	V.,	 Ami
yan	 V.	A.,	 Vassiliev	 V.	H.,	 Izzatdust	 E.	S.,	 Kovalen
ko	 V.	I.,	 Kuzmenko	 N.	N.,	 Mezhlumov	 A.	A.,	 Ty
homirov	V.	K.,	Yakovlev	A.	M.,	Anderson	G.,	Garavi
ni	O.,	Radenti	G.,	Sala	A.	and	other	scientists.	It	has	
been	established	that	there	is	not	enough	information	
regarding	 the	 influence	 of	 construction,	 parameters	

and	 work	 modes	 of	 foamgenerating	 devices	 on	 effi
ciency	of	foam	formation.

Unsolved  aspects  of  the  problem.  The	 article	
considered	 the	 following	 issues:  the	 topicality	 of	 the	
problem	of	well	washing	with	foam	solution	and	work	
conditions	of	 the	equipment	during	 it;	 the	work	effi
ciency	of	 foamgenerating	devices	and	assess	methods	
of	their	exploitation	parameters;	works	devoted	to	the	
research	of	the	main	exploitative	parameters	of	foam
generating	devices;	peculiarities	of	constructions	of	ex
isting	foamgenerating	devices	for	preparation	of	foam	
solution.

Objectives of	the	article	include	the	following:	the	
advancement	and	choice	of	characteristics	of	ejection	
foamgenerating	 devices	 of	 pumpcirculating	 systems	
of	drilling	sets;	processes	of	aeration	and	foam	forma
tion	 that	 occur	 in	 foamgenerating	 devices	 of	 pump
circulating	system;	methods	of	assessing	and	defining	
the	limits	of	technical	characteristics	of	foamgenerat
ing	devices	for	getting	maximal	efficiency	of	foamgen
erating;	 definition	 of	 parameters	 of	 constructive	 ele
ments	of	 foamgenerating	device	which	will	allow	 the	
creation	of	high	qualitative	foam;	providing	reliability	
and	work	quality	of	the	pumpcirculating	system	dur
ing	well	washing	with	foam	solution	by	improving	de
vices	and	the	scheme	of	pumpcirculating	system.

Representation of  the main resarch. Based	on	
the	 conducted	 theoretical	 research	 of	 the	 processes	
which	cause	the	motion	of	fluid,	air	and	foam	mixture	
in	 elements	 of	 foamgenerating	 devices,	 we	 offer	 the	
method	of	choosing	flow	parameters	of	work	fluid	and	
ejection	air,	which	would	allow	achieving	the	highest	
efficiency	 in	 the	 process	 of	 foam	 formation	 and	 ex
plaining	the	choice	of	rational	constructive	variant	of	
foamgenerating	device.	We	have	studied	the	processes	
which	 occur	 on	 at	 every	 stage	 of	 foam	 formation	 in	
foamgenerating	devices.

There	are	certain	methods	of	calculating	foamgen
erating	 devices,	 according	 to	 which	 we	 carry	 on	 the	
calculation	of	pressure	loss	in	devices	in	the	process	of	
foam	solution	production,	through	which	the	geomet
rical	 sizes	 are	 chosen	 [6].	 The	 disadvantage	 of	 these	
methods	is	the	fact	that	the	qualitative	characteristics	
of	 produced	 foam	 are	 not	 considered;	 in	 particular,	
meeting	the	requirement	of	the	energy	to	create	small	
dispersed	 air	 and	 drop,	 fluid	 and	 bubbles	 mixtures,	
and	its	value	is	inverse	to	the	average	radius	of	a	drop	
or	 bubble.	 Notably,	 the	 energy	 to	 create	 a	 bubble	
stream	with	large	values	of	volume	gas	content	can	be	
bigger	than	the	energy	required	to	create	a	drop	flow.

In	this	regard,	during	theoretical	research	of	foam
generating	devices	with	usage	of	famous	equations	of	
energy	balance,	continuity	of	stream	and	conservation	
of	momentum	we	propose	the	method	of	choosing	pa
rameters	 of	 fluid	 and	 air	 streams,	 using	 which	 we	
would	be	able	to	achieve	the	highest	efficiency	in	the	
process	of	foam	formation.

We	have	explored	the	working	process	of	foam	for
mation	 which	 occurs	 in	 one	 of	 the	 channels	 of	 the	
foamgenerating	device.	The	analysis	was	carried	out,	
based	 on	 a	 simplified	 scheme	 of	 ejection	 device	 and	
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calculation	model	of	static	pressure	distribution	along	
the	length	of	the	device	(Fig.	1).

In	the	initial	section	with	the	length	l1,	the	separate	
flows	of	fluid	and	gas	phase	occurs.	However,	gradual
ly,	due	to	the	turbulent	transverse	pulses	of	speed	which	
cause	liquid	dispersion	in	the	transverse	direction	and	
aeration	 of	 air	 squirt,	 the	 gas	 capacity	 reduces	 near	
wall,	while	increasing	on	axis	and	in	the	end	of	the	sec
tion	they	reach	the	equality	between	each	other,	which	
proves	formation	of	homogeneous	air	and	drop	stream.

Here,	the	section	with	the	length l2	begins.	The	for
mation	 of	 homogeneous	 air	 and	 drop	 stream	 occurs	
along	this	field.

The	 third	 section	 with	 the	 length	 l3	 begins	 with	
completion	 of	 formation	 of	 homogeneous	 airdrop	
mixture.	At	the	end	of	the	section	a	skip	of	consolida
tion	is	observed	while	the	airdrop	mixture	turns	into	
fluidbubbled	mixture	with	the	air	bubbles	having	ap
proximately	the	same	diameters	and	being	divided	by	
fluid	layers.	The	skip	of	consolidation	is	characterized	
by	sharp	increase	in	pressure.

In	the	fourth	section	which	begins	after	the	skip	of	
consolidation,	the	mixture	moves	as	a	twophase	ho
mogeneous	bubblesfoam	stream	(foam	solution).

In	 order	 to	 initiate	 the	 skip	 of	 consolidation	 the	
speed	of	air	drop	stream	is	to	be	higher	than	the	sound	
speed	in	 it.	The	 lower	Mach’s	 figures	are,	 the	higher	
the	energy	of	the	work	stream	to	produce	foam	solu
tion	will	be;	 that	 is	when	 the	 speed	of	 stream	move
ment	approximates	the	sound	speed	of	the	stream	be
fore	the	skip	of	consolidation.	The	sound	speed	is	cal
culated	according	to	known	formulas	or	using	graphic	
of	the	dependence	of	the	sound	speed	in	water	and	air	
solution	on	the	content	of	gas	in	it	(Fig.	2).

The	 relative	 length	 of	 the	 initial	 section	 is	 deter
mined	according	to	Lishevskyi’s	equation
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an	ejection	camera; rр, rг are the	density	of	fluid	and	
air	correspondingly;	s, mр	are	surface	tension	and	liq
uid	viscosity;	p,	г	are	the	speeds	of	fluid	and	gas	cor
respondingly;	p	is	the	pressure	of	mixed	fluid	and	gas	
stream.

The	relative	length	of	the	main	section	we	can	cal
culate	according	to	Miguel’s	dependence
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where	D is	the	diameter	of	mixing	camera.
According	to	the	wellknown	expression	for	sound	

speed	 in	 a	 twophase	 environment	 provided	 the	 ab
sence	of	phase	changes,	the	formula	for	Mach’s	num
ber	of	overtaking	drop	stream	before	the	skip	of	con
solidation
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where	2,	p2	are	the	speed	and	pressure	of	mixture	be
fore	the	skip	of	consolidation	correspondingly;	n	is	the	
polytrope	value;	a1	 is	the	volume	gas	capacity	before	
the	skip	of	consolidation.

In	the	process	of	calculations	a	dimensionless	sys
tem	of	equations	for	determining	the	relative	changes	
of	parameters	of	mixture	movement	is	obtained
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Fig. 1. The schemes of ejection device and static 
pressure distribution along its length:
Q1 and Q2 are the volume loss of fluid and air cor-
respondingly; р1, р2 and р3 are the static pressures 
near the nozzle before and after shock wave corre-
spondingly; l1, l2, l3, і l4 are the sections of the ejec-
tion device

Fig. 2. The sound speed in water and air solution:
І – calculated values during the adiabatic process; ІІ 
– calculated values during isothermal process; ІІІ – 
experimental values on small dispersed solutions
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where	n	is	the	value	of	polytrope;	γ	is	the	value	of	adia
batic	exponent.

From	 equations	 4–7	 we	 can	 see	 that	 relative	 pa
rameters	of	mixture	stream	after	the	skip	of	consolida
tion	depend	on	Mach’s	number	М1 of	overtaking	flow	
and	volume	gas	capacity	a1 before	the	skip,	which,	in	
its	term,	is	defined	by	the	degree	of	aeration	u. Based	
on	theoretical	research	the	values	of	energy	expendi
ture	to	produce	drops	from	a	unit	of	volume	of	fluid	in	
main	section	ΔЕ2	are	calculated,	as	well	as	those	of	the	
energy	expenditure	which	 is	 spent	on	producing	 free	
surface	of	fluid	during	creation	of	bubbles	ΔЕ3
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where	р0 , р1 , р2 and р3	are	the	atmospheric	pressure,	
static	pressures	near	the	nozzle	before	and	after	the	skip	
of	 consolidation	 correspondingly;	 3 is	 the	 speed	 of	
mixture	after	the	skip	of	consolidation; u	is	the	degree	of	
aeration;	ΔPmp1,	ΔPmp3	і DPmp4 is	the	loss	of	pressure	on	
rubbing	in	the	initial	field	l1	and	l3	before	the	skip	and	in	
section	l4	after	the	skip	of	consolidation;	r1	and	r2	are	
the	density	of	drop	mixture	before	the	skip	of	consolida
tion	and	the	bubble	mixture	after	the	skip	of	consolida
tion	correspondingly;	t is	the	ratio	of	absolute	tempera
ture	of	gas	in	the	zone	of	skip	to	the	temperature	in	ac
cepted	camera,	that	characterizes	isobaric	change	of	gas	
temperature	before	the	skip	of	consolidation.

Besides	 these	 equations,	 to	 determine	 feasible	
modes	of	movement	of	gas	and	fluid	stream,	the	equa
tion	for	calculating	the	change	(loss)	of	power	of	fluid	
ΔN	in	the	section	from	the	nozzle	to	the	overcut	of	the	
flow	of	gas	and	fluid	mixture	after	the	skip	of	consoli
dation	looks	as	follows
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where	W =	r12F3	=	r23F3	is	the	mass	expenditure	of	
gas	and	fluid	mixture.

The	movement	of	gas	and	 fluid	 stream	 is	 feasible	
only	with	those	values	of	parameters,	during	which	the	
power	loss	ΔN acquires	positive	values.

Thus,	 considering	 the	 given	 information,	 we	 can	
infer,	 that	 with	 parameters	 of	 movement	 of	 gas	 and	
fluid	stream	for	which	М1	> 1	a	skip	of	consolidation	
occurs	in	the	mixing	camera,	which	could	be	charac
terized	by	steplike	increase	in	pressure	and	reduction	
of	stream	speed	and	volume	gas	capacity,	whereas	with	
parameters	 of	 gas	 and	 fluid	 stream	 movement	 for	
which	М1	<	1,	a	skip	of	rarefaction	occurs	in	the	mixing	
camera,	which	is	characterized	by	skipping	reduction	
of	pressure	and	increase	in	stream	speed	and	volume	
gas	capacity.

Since	the	energetic	characteristics	of	gas	and	fluid	
stream	are	defined	not	only	by	parameters	of	its	mo
tion	but	also	by	properties	of	fluid	and	gas,	to	perform	
the	 following	 calculations	 let’s	 take	 water	 as	 a	 liquid	
while	 adding	 surfactants	 with	 such	 parameters:	 the	
density	is	rр =	103	кg/m3;	the	coefficient	of	surface	ten
sion	is	s =	0.05	N/m;	the	coefficient	of	dynamic	vis
cosity	is	mр =	10-3	Pа	 s;	the	temperature	is	Т =	300	К.	
The	air	is	taken	as	a	gas,	which	is	given	by	the	compres
sor	to	the	accepted	camera	from	environment	with	р0	=	
=	105	Pа	and	Т	=	300	К.	The	coefficient	of	dynamic	
viscosity	 of	 the	 air	 does	 not	 depend	 on	 the	 pressure	
and	is	equal	mр	=	1.88	 10-5	Pа		s	with	the	temperature	
Т =	300	К.	The	graphic	dependences	 (Fig.	3–5)	are	
drawn	for	the	following	geometrical	sizes	of	the	ejec
tion	device:	the	diameter	of	the	ejection	camera	is	d	=	
=	0.006	m;	the	diameter	of	the	mixing	camera	is	D =	
=	0.012	m;	the	expenditure	of	fluid	is	Q1	=	10-3	m3/s;	
the	fluid	pressure	is	Р1	=	1.4	МPа.

The	dependences	of	power	losses	of	stream	on	pro
ducing	gas	and	 fluid	mixture	ΔN	on	 the	aerative	de
grees	 with	 different	 values	 of	 pressure	 in	 accepted	
camera	р1 are	shown	in	Fig.	3,	which	shows	that	with	
height	р1 general	expenditure	of	power	ΔN	on	produc
tion	of	free	water	surface	increases.	All	three	curves	of	
dependence	ΔN	on	u have	maximums	with	those	val
ues	u, when	Mach’s	number	М1 (Fig.	4)	is	bigger	than	
1,	that	corresponds	to	the	skip	of	sonsolidation.

Fig.	 5	 provides	 information	 on	 dependences	 of	
losses	 of	 volume	 density	 of	 energy	 on	 production	 of	
air	 and	 drop	 stream	 ΔЕ2 as	 well	 as	 that	 of	 fluid	 and	
bubble	 stream	ΔЕ3 on	 the	 aerative	 degree	 with	 pres
sure	 р1 =	 7.5	 	 105	 Pа	 in	 accepted	 camera.	 From	 the	
graphic	dependence	we	can	see	that	with	increasing	u	
values	ΔЕ2	and	ΔЕ3 decrease,	and	with	value	of	u,	for	
which	М1	becomes	bigger	than	1,	ΔЕ3 <	0.	It	signifies	
that	 all	 the	 energy	 of	 stream	 is	 spent	 on	 work	 of	 the	
solution	 cramping	 in	 the	 skip	 of	 consolidation	 (А	 =	
=	Q1up0t ln	(p3/p2)	and	bubbles	are	not	created	during	
the	skip	or	after	it.

In	Fig.	6	we	observe	the	dependences	of	energy	ex
penditure	of	the	stream	to	produce	air	and	fluid	mix
ture	ΔN	on	the	aerative	degree	with	two	different	di
ameters	of	nozzle	and	the	same	values	of	fluid	losses 
Q1 =	10-3	m3/s	and	pressure	in	receiving	camera	р1 =	
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Fig. 3. The dependence of power losses of stream 
on aerative degrees with different values of 
pressure in accepted camera:
1 – 0.3 МPа; 2 – 0.75 МPа; 3 – 1 МPа

=	0.75	МPа,	according	to	which	the	reduction	of	noz
zle	leads	to	increasing	energy	expenditure	to	produce	
free	surface	and	shifting	of	maximum	ΔN	in	direction	
to	bigger	values	of	u.	It	is	explained	by	increasing	speed	
of	 fluid	 outcoming	 from	 nozzle,	 which	 occurs	 with	
bigger	initial	pressure	in	exit	branch	pipe.

Thus,	according	to	the	data	described	above	we	can	
conclude	that	the	most	effective	mode	of	gas	and	liq
uid	stream	movement	for	homogeneous	saturation	of	
fluid	with	gas	with	further	formation	of	small	dispersed	
foam	stream	occurs	with	the	following	values:	aerative	
degrees	 and	 other	 movement	 parameters,	 during	
which	the	value	of	Mach’s	number	М1	of	gas	and	liq
uid	stream	is	bigger	than	one,	but	is	closer	to	it.	In	this	
case	general	energy	expenditure	of	stream	ΔN	on	pro
duction	 of	 free	 surface	 are	 maximal,	 whereas	 in	 the	
mixing	camera	a	skip	of	consolidation	occurs	which	is	
required	 for	conversion	of	 the	air	and	 liquid	mixture	
into	a	 liquid	and	bubble	one,	although	the	energy	of	
the	stream	in	the	skip	is	consumed	on	mixture	cramp
ing	and	bubbles	are	not	created	neither	during	the	skip	
and	after	 it.	They	will	appear	only	 in	 those	places	of	
the	device,	where	the	fast	reduction	of	static	pressure	
occurs,	compared	to	pressure	р3	in	the	mixing	camera	
after	the	skip	of	consolidation,	considering	the	work	of	
gas	expending	phase.

To	 continue	 the	 process	 of	 foamgenerating	 we	
chose	the	computer	application	software	FlowSimula
tion,	 which	 is	 an	 applicative	 module	 of	 SolidWorks	
that	provides	an	opportunity	to	carry	on	the	change	of	
internal	parameters	of	fluid	and	air	in	wide	range	and	
gives	objective	information	on	the	necessary	parame
ter	in	any	point	of	foamgenerating	device.	In	this	pro
gram	 there	 a	 threecalculative	 model	 of	 onenozzle	
device	of	ejection	type	was	produced.	The	choice	of	a	
onenozzle	device	was	made	with	the	purpose	of	work	
with	this	program	and	methods	of	research	to	a	greater	
extent.	Apart	from	this,	the	graphs	show	the	trajectory	
of	movement	of	 fluid,	air	and	 their	mixture	 streams,	
from	 which	 we	 can	 see	 that	 under	 some	 conditions	
selfabsorption	 of	 air	 through	 incoming	 pipe	 occurs.	

Fig. 4. The dependence of Mah’s number of gas 
and liquid stream on aerative degree with dif-
ferent pressure values in accepted camera:
1– 0,3 МPа; 2 – 0,75 МPа; 3 – 1 МPа

Fig. 5. The dependences of expenditure of volume 
density of energy on production of air and drop 
stream ΔЕ2 (curve 1) and fluid and bubble 
stream ΔЕ3 (curve 2) on aerative degree with 
pressure р1 = 7.5		105	Pа

Fig. 6. The dependences of energy expenditure of 
stream ΔN on aerative degrees during the 
change of the nozzle diameter:
1 – 0,006 m; 2 – 0,004 m
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In	 the	 process	 of	 computer	 research	 while	 using	 the	
onenozzle	device	we	applied	different	variants	of	geo
metrical	parameters	of	composing	parts	of	the	device	
during	different	modes	of	work.

A	 onenozzle	 foamgenerating	 device	 was	 probed:	
with	 the	 change	 of	 distance	 between	 the	 nozzle	 and	
mixing	 camera;	 change	 of	 nozzle	 diameter;	 with	 the	
change	of	length	of	its	cylindrical	part;	with	the	length
ening	 of	 mixing	 camera	 with	 help	 of	 extra	 diffuser	
discs.	The	research	was	executed	applying	a	receiving	
part	 of	 the	 mixing	 camera	 of	 cylindrical	 or	 conical	
shape.	 The	 results	 obtained	 were	 taken	 as	 a	 basis	 of	
producing	foamgenerating	device	of	optimal	construc
tion,	 where	 the	 length	 of	 the	 cylindrical	 part	 of	 the	
nozzle	 is	 equal	 to	2	of	 its	diameters,	 there	 is	no	dis
tance	between	the	nozzle	and	mixing	camera,	the	re
ceiving	 part	 of	 the	 mixing	 camera	 of	 conical	 shape	
with	 the	 length	 of	 the	 cylindrical	 part	 of	 the	 mixing	
camera	 is	 equal	 to	 1.5	 of	 its	 diameter	 with	 extra	 dif
fuser	discs.	This	device	does	not	 feature	any	skips	of	
speed	 over	 a	 period	 of	 mixture	 moving	 whereas	 dis
tinctive	increasing	pressure	is	observed	in	the	place	of	
the	 skip	 of	 consolidation,	 where	 the	 process	 of	 pro
ducing	free	surface	of	liquid	during	bubble	formation	
occurs	(Fig.	7).

Research  conclusions  and  recommendations 
for further research. As	a	result	of	the	research,	we	
have	resolved	the	main	scientific	task	which	aims	to	set	
regularities	 of	 foam	 solution	 preparation	 for	 washing	
oil	and	gas	wells	in	the	process	of	drilling	and	reclaim
ing	of	wells,	and	it	permitted	producing	the	highly	ef
fective	 foamgenerating	 device	 and	 recommendations	
for	its	application	while	introducing	it	into	production	
field,	namely:

1.	Based	on	analysis	of	a	 foam	formation	mecha
nism	 and	 exploitive	 characteristics	 of	 ejection	 foam
generating	device,	we	have	established	that	actions	of	
turbulent	transverse	pulsations	call	 for	the	dispersion	
of	liquid	stream	transversely	and	its	aeration	by	the	air,	
as	 a	 result,	 formation	 of	 homogenous	 air	 and	 drop	
stream	occurs	followed	by	its	movement	to	the	shock	

wave,	which	is	characterized	by	fast	pressure	increase	
and	 accompanied	 by	 conversion	 of	 the	 air	 and	 drop	
mixture	 into	emulsion	one.	At	 the	same	time	 the	air	
bubbles	are	small	and	have	almost	the	same	diameter	
and	are	divided	by	the	liquid	films.	To	obtain	a	skip	of	
consolidation	the	speed	of	air	and	drop	stream	is	to	be	
higher	than	sound	speed	in	it.	Considering	this,	we	can	
suppose	that	geometrical	shapes	and	sizes	of	compos
ing	 parts	 of	 the	 foamgenerating	 device,	 as	 well	 as	 its	
modes	and	parameters	are	determining	in	its	work	ef
ficiency.

2.	The	mathematical	models	of	stream	movement	
of	fluid,	air,	their	mixture	and	foam	through	the	con
structive	elements	of	foamgenerating	device	have	been	
advanced.	We	have	established	that	the	necessary	con
dition	for	forming	stable	highly	dispersed	foam	is	in
creasing	movement	speed	in	gas	and	fluid	mixture	be
fore	 the	 skip	 of	 consolidation	 in	 the	 mixing	 camera;	
the	 speed	 should	 be	 higher	 than	 that	 of	 the	 sound.	
With	60–80	%	of	the	air	content	in	the	gas	and	liquid	
mixture,	the	exceeding	of	sound	speed	will	make	25–
40	m/s,	whereas	with	80–95	%	of	the	air	content	in	the	
gas	 and	 fluid	 mixture,	 the	 exceeding	 of	 sound	 speed	
will	 make	 35–60	 m/s.	 However,	 exceeding	 the	 set	
speed	 limits	 for	 mixture	 stream	 results	 in	 decreasing	
foam	 formation	 efficiency,	 which	 is	 conditioned	 by	
significant	increase	in	Mach’s	figure.	In	addition,	the	
boundaries	of	the	highest	values	of	the	efficient	coef
ficient	are	defined	for	different	factors	including:	pres
sure,	fluid	and	gas	(air)	expenditure,	degrees	of	foam	
aeration	etc.

3.	Analytic	dependences	of	movement	of	fluid,	air	
and	 their	mixture	 streams,	 including	 foam,	and	effi
ciency	of	work	of	foamgenerating	devices	on	their	geo
metrical	 parameters	 have	 been	 theoretically	 and	 ex
perimentally	explained;	this	gave	the	possibility	to	de
fine	the	optimal	constructive	executing	of	elements	of	
foamgenerating	device.	The	positive	factors	are	reduc
tion	of	surfactant	usage	by	15–25	%	and	saving	neces
sary	properties	of	the	foam	during	well	washing	of	deep	
(more	than	4000	m)	drilling	sets.

Fig. 7. The graphical dependences of parameter distribution in foamgenerating device of the most rational 
construction:
а – the speed distribution in transverse cutting of device; b – the pressure distribution in transverse cutting of device
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Мета.	Підвищення	ефективності	піногенеру
ючих	 пристроїв	 насосноциркуляційних	 систем	
бурових	установок.	Поставлена	мета	досягається	
через	реалізацію	наступних	задач:

	 проведення	 аналізу	 й	 селективного	 відбору	
теоретичних	 та	 експериментальних	 результатів,	
геометричних	 параметрів,	 режимів	 роботи	 піно
генеруючих	пристроїв;

	розроблення	та	обґрунтування	раціональної	
схеми	обв’язки	обладнання	й	пристроїв	для	про
мивання	нафтогазових	свердловин	пінами.

Методика.	Включає:
	 аналіз	 умов	 та	 досвіду	 експлуатації	 різних	

конструктивних	 особливостей	 пристроїв	 та	 об
ладнання	 насосноциркуляційних	 систем	 для	
промивання	свердловини	пінами;

	 математичне	 моделювання	 піноутворення	 в	
пі	ногенеруючому	 пристрої	 ежекційного	 типу	 з	
використанням	 законів	 балансу	 енергії,	 непе
рервності	потоку,	збереження	кількості	руху,	а	та
кож	використання	критерію	Лапласа,	чисел	Вебе
ра	та	Маха,	рівняння	Лишевського;

	комп’ютерне	моделювання	піногенеруючого	
пристрою	проводилось	з	метою	оптимізації	його	
внутрішніх	конструктивних	елементів;

	експериментальне	визначення	основних	па
раметрів	та	режимів	роботи	з	урахуванням	зміни	
конструкції	піногенеруючого	пристрою;

Результати. Виконані	теоретичні	дослідження	
з	виявлення	та	визначення	впливу	найбільш	сут
тєвих	факторів	і	вибрані	оптимальні	геометричні	
параметри	 та	 режими	 роботи	 піногенеруючих	
при	строїв,	що	забезпечили	найвищу	ефективність	
промивання	свердловини	пінами.	Проведені	екс
периментальні	 дослідження	 для	 встановлення	
взаємозв’язку	 між	 геометричними	 формами,	 па
раметрами,	 режимами	 роботи	 піногенеруючих	
пристроїв	та	ефективністю	піноутворення.

Наукова новизна.	Теоретичні	та	експеримен
тальні	дослідження	протікання	рідини,	повітря	та	
їх	суміші	через	конструктивні	елементи	обладнан
ня	 дозволяють	 встановлювати	 закономірності	
вза	ємозв’язку	ефективності	піноутворення	від	па
раметрів	 і	 режимів	 роботи	 піногенеруючих	 при
строїв.

При	цьому:
	визначено	взаємозв’язок	між	якістю	піноутво

рення	 та	 конструктивними	 особливостями	 окре
мих	елементів	піногенеруючого	пристрою;

	удосконалені	математичні	моделі	руху	пото
ків	 рідини,	 повітря	 й	 піни	 через	 конструктивні	
елементи	 піногенеруючого	 пристрою	 та	 окремі	
еле	менти	обладнання	насосноциркуляційної	си
стеми;

	 теоретично	 та	 експериментально	 обґрунто
вані	 аналітичні	 залежності	 руху	 потоків	 рідини,	
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повітря	й	піни	та	ефективності	роботи	піногене
руючих	пристроїв	від	 їх	конструктивних	особли
востей;

	 науково	 обґрунтовано	 метод	 вибору	 опти
мальних	конструктивних	форм	елементів	піноге
неруючих	пристроїв,	що	впливають	на	формуван
ня	потоків	рідини,	повітря	й	піни.

Практична  значимість.	 На	 основі	 проведе
них	теоретичних	і	експериментальних	досліджень	
визначені	раціональні	геометричні	форми	та	па
раметри,	встановлені	оптимальні	режими	роботи	
піногенеруючих	 пристроїв,	 що	 є	 основою	 для	
створення	 нових	 високоефективних	 піногенеру
ючих	пристроїв.	Запропонована	низка	методів	та	
засобів	конструктивного	й	технологічного	харак
теру	 для	 підвищення	 ефективності	 промивання	
свердловин	пінистими	розчинами.	Результати	ви
користані	 при	 вдосконаленні	 насосноциркуля
ційної	 системи	 для	 промивання	 свердловин	 пі
нистими	розчинами.

Ключові  слова:  піногенеруючий пристрій, 
насосно-циркуляційна система, аерована ріди-
на, піна, потік рідини

Цель.	Повышение	эффективности	пеногене
рирующих	 устройств	 насосноциркуляционных	
систем	 буровых	 установок.	 Поставленная	 цель	
достигается	через	реализацию	следующих	задач:

	 проведение	 анализа	 и	 селективного	 отбора	
теоретических	и	экспериментальных	результатов,	
геометрических	параметров,	режимов	работы	пе
ногенерирующих	устройств;

	 разработка	 и	 обоснование	 рациональной	
схемы	 обвязки	 оборудования	 и	 устройств	 для	
промывки	нефтегазовых	скважин	пенами.

Методика.	Включает:
	 анализ	 условий	 и	 опыта	 эксплуатации	 раз

личных	конструктивных	особенностей	устройств	
и	 оборудования	 насосноциркуляционных	 си
стем	для	промывки	скважины	пенами;

	математическое	моделирование	пенообразо
вания	 в	 пеногенерирующем	 устройстве	 эжекци
онного	 типа	 с	 использованием	 законов	 баланса	
энергии,	непрерывности	потока,	сохранения	ко
личества	движения,	а	 также	использование	кри
терия	 Лапласа,	 чисел	 Вебера	 и	 Маха,	 уравнения	
Лышевского;

	компьютерное	моделирование	пеногенериру
ющего	устройства	проводилось	с	целью	оптими
зации	его	внутренних	конструктивных	элементов;

	 экспериментальное	 определение	 основных	
па	раметров	 и	 режимов	 работы	 с	 учетом	 измене
ния	 конструкции	 пеногенерирующего	 устрой
ства.

Результаты.	 Выполнены	 теоретические	 ис
следования	 по	 выявлению	 и	 определению	 влия

ния	наиболее	существенных	факторов	и	выбраны	
оптимальные	геометрические	параметры	и	режи
мы	 работы	 пеногенерирующих	 устройств,	 кото
рые	 обеспечили	 высокую	 эффективность	 про
мывки	 скважины	 пенами.	 Проведены	 экспери
ментальные	исследования	для	установления	вза
имосвязи	между	геометрическими	формами,	па
раметрами,	 режимами	 работы	 пеногенерирую
щих	устройств	и	эффективностью	пенообразова
ния.

Научная новизна.	Теоретические	и	экспери
ментальные	исследования	протекания	жидкости,	
воздуха	и	их	смеси	через	конструктивные	элемен
ты	оборудования	позволяют	устанавливать	зако
номерности	взаимосвязи	эффективности	пеноо
бразования	от	параметров	и	режимов	работы	пе
ногенерирующих	устройств.

При	этом:
	определена	взаимосвязь	между	качеством	пе

ны	 и	 конструктивными	 особенностями	 отдель
ных	элементов	пеногенерирующего	устройства;

	усовершенствованы	математические	модели	
движения	потоков	жидкости,	воздуха	и	пены	че
рез	 конструктивные	 элементы	 пеногенерирую
щего	устройства	и	отдельные	элементы	оборудо
вания	насосноциркуляционной	системы;

	теоретически	и	экспериментально	обоснова
ны	 аналитические	 зависимости	 движения	 пото
ков	 жидкости,	 воздуха	 и	 пены	 и	 эффективности	
работы	пеногенерирующих	устройств	от	их	кон
структивных	особенностей;

	 научно	 обоснован	 метод	 выбора	 оптималь
ных	 конструктивных	 форм	 элементов	 пеногене
рирующих	устройств,	которые	влияют	на	форми
рование	потоков	жидкости,	воздуха	и	пены.

Практическая значимость.	На	основе	прове
денных	теоретических	и	экспериментальных	ис
следований	 определены	 оптимальные	 геометри
ческие	 формы	 и	 параметры,	 установлены	 опти
мальные	 режимы	 работы	 пеногенерирующих	
устройств,	которые	являются	основой	для	созда
ния	новых	высокоэффективных	пеногенерирую
щих	устройств.	Предложен	ряд	методов	и	средств	
конструктивного	 и	 технологического	 характера	
для	повышения	эффективности	промывки	сква
жин	пенистыми	растворами.	Результаты	исполь
зованы	 при	 совершенствовании	 насосноцирку
ляционной	 системы	 для	 промывки	 скважин	 пе
нистыми	растворами.

Ключевые слова:	пеногенерирующее устрой-
ство, насосно-циркуляционная система, аэри-
рованная жидкость, пена, поток жидкости
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