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Purpose.	Substantiation	of	construction,	peculiarities	of	assembling	and	calculating	the	main	parameters	of	a	
multilevel	system	of	reservoir	production	heating	that	has	been	made	on	the	basis	of	“DTH”	deep	tubular	heaters,	
which	are	placed	in	the	oil	well	and	improve	the	production	conditions	of	reservoir	fluid	with	a	high	content	of	
asphaltresinparaffin	(TSA)	by	heating	products	within	specified	intervals.

Methodology.	The	methodological	basis	of	the	research	is	a	complex	analysis	and	synthesis	of	the	literature,	
as	well	as	the	positive	experience	in	combating	with	asphaltresinparaffin	deposits	(ARPD)	while	extracting	hy
drocarbons	with	high	content	of	asphaltresinparaffin	(ARP)	using	expert	analysis	and	assess	of	the	results	ob
tained.

Findings.	The	research	resulted	in	substantiation	of	the	construction	of	heater	of	“DTH”	pipe	deep	type,	and	
elaboration	of	a	multilevel	system	of	heating	the	reservoir	production	on	its	basis,	which	is	integrated	into	the	
complement	of	a	lifter	made	from	pumpcompressor	pipes.	The	calculation	model	has	been	substantiated	to	de
fine	parameters	of	work	of	the	multilevel	system	of	heating	reservoir	products	performed	on	the	basis	of	pipe	
electrical	 heater	 of	 “DTH”	 type.	 Methods	 of	 determining	 power	 required	 for	 the	 operation	 of	 the	 multilevel	
system	of	heating	of	reservoir	production	have	been	developed.

Originality.	For	the	first	time	the	following	items	have	been	developed:	the	model	of	work	of	the	multilevel	
system	of	heating	of	reservoir	products;	the	methodology	of	determining	the	coefficient	of	heat	loss	of	pipe	deep	
warmisolation	multilayers	heaters	equipped	with	different	types	of	casings.

Practical value. The	construction of	the	pipe	deep	heater	of	“DTH”	type	has	been	substantiated	and	shown;	
the	principle	of	assembling	and	calculating	the	multilevel	system	has	been	also	offered	of	heating	reservoir	prod
ucts,	which	are	integrated	into	the	composition	of	NKT	heater	and	allow	reducing	the	level	of	ASP	deposits	on	
work	surfaces	of	deep	equipment.	The	construction	of	multilevel	warmisolation	casing	has	been	suggested	which	
is	used	in	the	composition	of	construction	of	a	pipe	deep	heater	of	“DTH”	type.

Keywords: asphalt-resin-paraffin (ARP), deep heater, system or heating of the reservoir products, pump-
compressor pipes

Introduction. The	process of	well	drilling	of	liquid	
hydrocarbons	fuels,	using	fountaining,	selfstreaming	
or	 one	 of	 deeppump	 ways	 of	 oil	 drilling	 in	 certain	
cases	is	characterized	by	the	availability	of	higher	con
tent	 of	 paraffin	 or	 asphaltresinparaffin	 deposits	
(short		ARPD)	in	the	fluid,	the	composition	of	which	
includes	paraffin,	which	is	a	series	of	methane	hydro
carbons	from	С16Н34	to	С64Н130	as	well	as	selikogel	tar,	
asphaltresinous	 compounds	 and	 others.	 These	 sub
stances	complicate	and	in	some	cases	make	impossible	
the	 process	 of	 drilling	 liquid	 products	 of	 wells	 since	
they	tend	to	create	deposits	on	work	surfaces	of	deep	
pump	equipment	and	walls	of	pumpcompressor	pipes	

(PCP).	 Under	 such	 conditions	 the	 usage	 of	 diverse	
methods	 and	 ways	 of	 dealing	 with	 deposits	 of	 high
viscosity	compounds	 is	becoming	even	more	 topical.	
Nowadays	 in	 Ukraine,	 the	 moving	 steamgenerating	
sets	are	used,	which	heat	the	well	trunk	for	dilution	of	
asphaltresinparaffin	 deposits	 (ARPD)	 and	 other	
highviscous	 substances.	 However,	 this	 method	 is	
characterized	by	high	level	of	expenditures	on	depara
ffinization	and,	in	the	majority	of	cases,	the	necessity	
of	 interrupting	 of	 the	 process	 drilling	 hydrocarbons	
products	of	wells.

The	other	variants	(the	usage	of	scrapers	and	mag
netic	 devices,	 the	 introduction	 of	 chemical	 diluents,	
and	the	usage	of	borehole	inductive	heaters)	have	not	
been	commonly	used	due	to	insufficient	efficiency	and	©	Маtviienko	А.	М.,	2016
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reliability	as	well	as	necessity	of	the	usage	of	consider
able	nomenclature	of	technological	equipment.

Considering	this,	the	urgent	task	is	to	project	mod
ern	 native	 highly	 efficient	 system	 of	 dealing	 with	
ARPD	and	development	of	a	scientifically	based	mod
el	of	its	work	that	will	allow	choosing	the	optimal	cor
relations	of	constructive	and	exploiting	parameters	of	
this	system	even	at	a	projective	stage	and	providing	the	
maximal	efficiency	of	its	exploitation.

Analysis  of  the  recent  research.	 The	 analysis	
and	 research	 of	 factors	 of	 paraffin	 production	 and	
ways	 of	 their	 prevention	 are	 shown	 in	 works	 [1–4].	
The	 research	 resulted	 in	 projecting	 and	 introducing	
diverse	ways	of	dealing	with	ARPD	and	special	equip
ment	for	their	usage	into	the	manufacture.	It	is	impor
tant	to	take	into	account	the	devices	for	electrical	de
paraffinization	 (heating,	 induction)	 as	 being	 the	
equipment	 that	 has	 certain	 advantages,	 compared	 to	
analogical	ones:

	 it	does	not	change	the	chemical	composition	of	
the	environment;

	it	can	be	used	in	periodical	or	permanent	modes;
	 it	 does	 not	 require	 considerable	 expenditure	 on	

providing	the	process	implementation;
	 it	 can	 be	 applied	 simultaneously	 with	 lifting	 of	

reservoir	fluid.
An	NКТ	lifter	equipped	with	deep	inductive	heater	

(Fig.	1)	[1,	5],	and	one	of	the	variants	of	constructive	
performance	 of	 inductive	 well	 heater	 (Fig.	 2)	 can	 be	
taken	as	examples.

The	construction	of	inductive	heaters	has	both	ad
vantages	 and	 disadvantages	 of	 constructive	 and	 ex
ploiting	nature.

The	advantages	are:
	the	possibility	to	include	reservoir	products	to	the	

composition	of	a	pumpcompressor	lifter	with	simul
taneous	implementation	of	their	selection;

	the	possibility	of	locating	a	tubing	column	within	
any	interval.

Disadvantages	are:
	 the	 inductive	 coils	 that	 are	 sensitive	 to	 the	 cir

cumstances	 of	 implementation	 of	 mountingde
mounting	 works	 and	 exploitation	 since	 even	 little	
shakes	or	vibration	during	the	work	or	loweringlifting	
tubing	columns	can	stop	their	work;

	the	usage	of	 inductive	principle	of	work	of	reels	
increases	the	overall	diametrical	sizes	that	narrows	the	
range	of	their	usage;

	 this	 construction	 allows	 applying	 the	 inductive	
heaters	 only	 on	 one	 tubing	 interval	 that	 cuts	 down	
their	efficiency;

	high	complication	and	cost	of	production.
Considering	the	disadvantages	of	inductive	ones,	it	

is	advisable	to	pay	more	attention	to	analogical	heat
ers	 [1],	which	have	easier	construction,	 for	 instance,	
electrical	one,	heaters	on	cablerope	(Fig.	3).

This	 heater	 has	 certain	 advantages	 and	 disadvan
tages.	The	advantages	are:

	the	simplicity	of	constructive	performance;
	the	ability	to	elaborate	the	wide	range	of	tempera

ture	work	modes.

Fig. 1. The lifter tubing equipped with a well in-
ductive heater:
1 – rolling contact; 2 – inductive winding; 3 – 
pump-compressor pipes (core); 4, 5 – electrical con-
necting terminals

Fig. 2. The well inductive heater of construction by 
Ufa scientific and research, projecting and en-
gineering center “Nafto-gas–2”:
1 – wireway; 2 – casing pipe; 3 – cable with low 
electrical resistance; 4 – ferromagnetic tube; 5 – a 
protective casing; 6 – opening of the protective cas-
ing; 7 – intermittent interrupting welding; 8 – 
grounding; 9 – production casing; 10 – ferromag-
netic section

Fig. 3. The electrical heater and one on cable-rope:
1 – fastening cable; 2 – wire bandage; 3 – cable; 
4 – head; 5 – asbestos braid; 6 – lead pouring; 7 – 
a nut; 8 – terminal blocks; 9 – ten-heater
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Fig. 4. The multi-level system of heating a tubing 
lifter performed on the basis of pipe electrical 
heater of “DTH” type:
1 – the productive reservoir; 2 – perforation zone; 
3 – universal gas sand anchor; 4 – depth rod pump 
NSV-1U; 5 – shaft electric heater DTH-1X; 6 – 
sucker rod column; 7 – electric cable; 8 – clamp; 
9 – polished rod; 10 – wellhead equipment; 11 – 
stuffing knot

Fig. 5. The construction of an engineered deep 
pipe heater of “DTH” type:
1 – the pipe shell; 2 – the cramping puck; 3 – the 
plug nest; 4 – the electrical cable; 5 – the heating 
element; 6 – metal internal casing; 7 – the warm-
isolation multi-layers casing

The	disadvantages	of	such	a	heating	element	are:
	the	complication	(sometimes	even	impossibility)	

of	being	used	with	deep	pump	techniques	simultane
ously;

	the	impossibility	of	being	located	within	the	in
tervals	of	the	tubing	column	length;

	the	necessity	of	applying	valuable	electrical	cable	
with	wire	bandage;

	 it	 is	 used	 in	 complex	 with	 sets:	 UES1500,	
SUEPS1200	 or	 SUEPS1500,	 which	 are	 equipped	
with	 winch	 that	 puts	 down	 the	 heater	 to	 a	 depth	 of	
1200–1500	 m	 on	 cablerope	 and	 it	 complicates	 and	
makes	the	exploitation	more	expensive.

Nowadays,	 there	 are	 practically	 no	 references	 to	
multilevel	stationary	systems	of	heating	of	lifter	tubing,	
which	could	provide	the	necessary	temperature	balance	
of	trunk	of	reservoir	fluid	during	mining	of	hydrocarbon	
stuff	along	the	whole	length	of	the	field	of	pumpcom
pressor	pipes	where	a	high	level	of	ARPD	is	observed.

That	is	why	there	is	a	necessity	of	developing	multi
level	 system	 of	 heating	 of	 wells	 products	 that	 would	
combine	all	the	advantages	of	inductive	and	tenheat
ers,	have	high	level	of	unification	and	construction	sim
plicity	and	also	exclude	a	great	number	of	disadvantag
es,	which	occur	in	existing	types	of	deep	well	heaters.

Objective. The	provision	of	effective	counteraction	
to	negative	consequences	of	deposits	of	ARPD	on	work	
surfaces	of	well	equipment	during	drilling	of	hydrocar
bon	stuff	and	the	absence	of	oil	industrial	equipment	of	
sufficient	 nomenclature	 of	 corresponding	 machines,	
devices	in	the	national	market	put	a	task	to	project	and	
research	 work	 efficiency	 of	 deep	 electrical	 well	 pipe	
heaters	that	connect	permanently	to	the	multilevel	sys
tem	of	well	products	as	part	of	 tubing	 lifter	will	allow	
carrying	out	the	permanent	or	periodical	choice	of	pro
duction	at	the	same	time	with	their	usage,	will	have	the	
constructive	feasibility	to	be	applied	as	part	of	ground	
complexes	for	heating	products,	pumped	by	pipelines,	
and	 will	 have	 the	 maximal	 level	 of	 unification	 with	
standard	equipment	and	high	performance	efficiency.	
Thus,	the	construction	of	the	devised	heater	has	to	give	
the	possibility	to	use	produced	pipe	heaters	as	part	of	
multilevel	lifter	of	products	of	oil	wells	with	feasibility	
to	 insert	 of	 warm	 energy	 into	 the	 columns	 of	 pump
compressor	pipes	at	an	optimal	depth.

Presentation  of  the  main  research.  According	
to	performed	probations	[1–5],	(oil	mining	enterprises	
PAT	“Ukrnafta”	(Ukraine),	NGVU	“Pivdenorenburg
nafta”,	 NGDU	 “Ufaneft”	 (Russia)),	 the	 deposits	 of	
ARPD	usually	begin	within	the	interval	of	1200–750	m	
and	higher	along	the	length	of	well	trunk.	At	the	same	
time	there	appears	a	necessity	of	using	equipment	for	
heating	the	tubing	trunk	within	this	interval.

The	author	has	offered	a	multilevel	system	of	heat
ing	a	lifter	tubing	(Fig.	4)	carried	on	the	base	of	pipe	
electrical	 heater	 of	 “DTH”	 type	 (Fig.	 5),	 which	 is	
characterized	by	the	following	features:

- it	has the	electrical	consumption	that	allows	ex
ploiting	it	in	permanent	or	periodical	modes;

-	 it	 is	set	stationary	 in	the	framework	of	 the	 lifter	
tubing	as	its	composing	element;



ISSN 2071-2227, Науковий вісник НГУ, 2016, № 3 57

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

-	it	is	characterized	by	the	analogy	principle	of	ac
tions	(direct	heating	of	the	environment	with	electro
heating	elements)	that	gives	the	possibility	to	simplify	
its	constructive	performance	and	reduce	the	produc
tion	value;

-	it	has	multilevel	order	of	heaters	setting,	3	(36
912)fold,	 according	 to	 the	 number	 of	 power	 feed	
cables	of	KRBK	unified	with	the	power	feed	cable	of	
UEVN	(3	cores)	that	allows	supporting	the	balance	of	
heating	temperature	of	reservoir	fluid	within	the	inter
val	of	deposits	of	highviscous	substances;

-	it	could	be	used	as	part	of	fountain	lifter	of	oil	and	
gas	well	and	at	the	same	time	with	deep	pump	methods	
of	oil	mining;

-	it	has	the	maximal	degree	of	unification	with	ex
isting	oil	and	gas	industrial	equipment.

The	construction	of	an	engineered	deep	pipe	heater	
of	 “DTH”	 type	 is	 shown	 in	 Fig.	 5.	 The	 shell	 of	 the	
heater	is	an	NKT	pipe,	equipped	with	screw	shafts	for	
attaching	to	the	standard	NKT	clutches	on	both	sides.

The	heating	element	5	is	a	power	provider	with	high	
resistance,	made	 of	 nichrome	wire	disposed	 in	quartz	
sand	or	molten	magnesium	oxide	(an	electrically	insu
lating	heat	conductor),	which	is	situated	in	the	protec
tive	refractory	casing	that	is	put	along	the	axis	of	the	pipe	
shell.	The	heating	element	5	is	fixed	on	the	pipe	shell	1	
with	help	of	cramping	pucks	2.	There	are	plug	nests	3	on	
the	pipe	 shell	 that	allow	moving	 the	power	 feed	cable	
and	 removing	 it	 farther	 for	 feeding	 “DTH”	 heaters	
which	follow.	The	plug	nests	have	withdrawals	for	feed
ing	 the	heating	element	5	 and	are	also	connected	be
tween	each	other	with	threecore	electrical	element	4,	
the	cores	of	which	are	situated	 in	 the	 thermoisolated	
casing.	To	provide	mechanical	protection	of	heating	ele
ment	5	from	negative	influence	of	external	factors	there	
is	a	metal	external	casing	6,	between	the	casing	6	and	
heating	element	5	the	extrafine	multilayers	warmiso
lation	casing	7	 is	situated	that	minimizes	the	heat	loss	
from	the	work	of	deep	pipe	heater	of	“DTH”	type.

To	determine	main	work	characteristics	of	“DTH”	
heater	and	the	multilevel	system	of	heating	reservoir	
products	accomplished	on	their	basis,	relevant	calcu
lative	and	research	models	were	developed	and	proba
tions	were	performed.

The	calculation	model	for	defining	the	coefficient	
of	 heat	 loss	 of	 deep	 pipe	 heaters	 of	 “DTH”	 type	 is	
shown	in	Fig.	6.

The	coefficient	that	considers	heat	loss	while	of	a	
work	agent	is	moving	along	the	“DTH”	pipe	heater
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where	R1	 is	 the	heat	transmission	of	pipe	shell;	R2	 is	
the	 heat	 transmission	 of	 heatinsulating	 multilayer	
casing	with	external	casing	of	the	heater.
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where	 ai	 is	 the	 coefficient	 of	 heat	 transmission	 of	
іelement	material,	Vt/m2  К;	di	is	the	diameter	of	a	
relevant	element	of	calculation	model	(і	=	1–8),	m;	λi 
is	the	coefficient	of	thermal	conductivity	of	іelement	
material,	Vt/m	∙	К.

The	power	that	will	be	consumed	by	the	deep	pipe	
heater	in	the	process	of	warm	preparation	of	reservoir	
fluid,	Vt
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where	c	is	the	specific	heat	capacity	of	reservoir	fluid,	
Dj/(kg	 ∙	 Grad.);	 G	 is	 the	 mass	 of	 the	 environment	
within	 the	 internal	 space	of	 the	heater,	kg;	TK	 is	 the	
final	temperature	of	reservoir	fluid	at	the	output	of	the	
heater,	 °С;	 TП	 is	 the	 initial	 temperature	 of	 reservoir	
fluid	at	the	input	to	the	heater,	°С;	t	is	the	time	of	liq
uid	flow	passing	the	heater,	s.

Thus,	we	can	define	the	power,	which	will	be	con
sumed	by	the	deep	pipe	heater	according	to	the	tem
perature	 characteristics	 of	 fluid	 at	 the	 output	 of	 it	
which	are	to	be	supplied	under	these	or	those	condi
tions	of	exploitation;	it	will	allow	perform	the	calcula
tion	 of	 work	 parameters	 of	 the	 multilevel	 system	 of	
heating	reservoir	products	complied	on	their	basis	ac
cording	to	calculation	models	(Fig.	7).

Fig. 6. The calculation model for defining the co-
efficient of heat loss of deep pipe heaters of 
“DTH” type:
1 – the casing pipe; 2 – the heating element; 3 – the 
heat-insulating casing; 4 – metallic external casing; 
5 – inter-column space; 6 – the casing column; 7 – 
reservoir products; 8 – trunk breed; di – the diameter 
of a corresponding element of the computational mod-
el (i = 1–8); w1i – heat flows from heating elements, 
which are used to perform useful work to the internal 
cavity tubing; w2i – scattered outside heat flows
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The	number	of	pipe	heaters	n,	 the	power	of	each	
one	and	distance	between	them	are	selected	under	the	
conditions	of	providing	the	average	temperature	with
in	the	interval	of	the	tubing	lifter	where	ARPD	is	not	
lower	than	the	level	of	temperature	of	deposits	chilling	
defined	in	the	laboratory.	According	to	[1],	the	value	
Tсер	ranges	from	60	to	76	°С.

The	general	power,	which	is	to	be	provided	by	the	
ground	electrical	 stations	 to	 feed	 the	multilevel	 sys
tem	of	heating	the	reservoir	products	within	the	inter
val	of	deposits,	will	be	calculated	by	the	equation
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where	 Ni	 is	 the	 power,	 consumed	 by	 the	 deep	 pipe	
heater,	 Vt;	 di	 is	 the	 average	 diameter	 of	 disposing	 of	
electrical	spins	of	the	deep	pipe	heater,	m;	lei	is	the	ef
fective	length	of	a	heating	part,	m.

According	 to	 the	 research	 conducted	 using	 the	
methods	suggested,	the	following	results	were	obtained:

1)	the	effective	number	of	heaters	along	the	length	
of	a	tubing	column	rangers	from	3	to	6	ones	for	the	field	
with	ARPD	deposits	(the	interval	-850…-50	m	[1];

2)	the	power	of	heaters,	disposed	in	the	well	on	the	
field	with	ARPD	deposits,	is	within	the	interval	from	5	
to	30	кVt	with	loss	of	2–3,5	кVt	in	the	cable	along	its	
length;

3)	the	largest	efficiency	of	the	multilevel	system	of	
heating	the	reservoir	products,	performed	on	the	basis	
of	 the	 pipe	 electrical	 heater	 of	 “DTH”	 type,	 is	 pro
vided	under	the	condition	of	speed	of	raising	trunk	of	
liquid	well	products	up		[uр.п.]	=	1,5	m/s;

4)	the	obtained	values	of	the	coefficient	of	heat	loss	
of	“DTH”	pipe	heaters	for	different	types	of	heatin
sulating	of	multilayer	casings	(the	constructive	thick
ness	is	4,5	mm),	closed	with	metal	external	casing	with	
thickness	of	3	mm,	are	given	in	the	Table.

Fig. 7. The calculation model for determining the 
work parameters of the multi-level system of 
heating the reservoir products performed on the 
basis of the pipe electrical heater of “DTH” 
type for the number of heaters i = 1…n:
TПi – the initial temperature on the input to і-heater; 
TKi – the final temperature of reservoir fluid on the 
output of і-heater; Ni – the power that consumes 
і-heater; li – the length of і-heater

Conclusions.  The	 article	 substantiates	 and	 sug
gests the	construction	of	a	pipe	deep	heater	of	“DTH”	
type;	it	also	provides	the	multilevel	system	of	heating	
the	reservoir	products	based	on	it,	which	is	integrated	
into	the	composition	of	a	tubing	lifter,	that	will	allow	
improving	the	conditions	of	mining	of	reservoir	fluid	
with	 high	 content	 of	 asphaltresinparaffin	 deposits	
(ARPD),	by	heating	the	products	within	given	inter
vals	of	high	viscosity	substance	deposits.

The	engineered	equipment	differs	favourably	from	its	
analogies	due	to	its	simplicity	and	construction	efficiency.

The	 developed	 methodology,	 being	 necessary	 for	
feeding	the	multilevel	system	of	heating	the	reservoir	
products,	will	give	an	opportunity	to	calculate	 its	re
quired	amount	at	the	stage	of	projecting	and	construc
tive	work	implementation.

The	developed	methodology	of	defining	the	coef
ficient	of	heat	loss	of	“DTH”	pipe	heaters	for	different	
types	of	warmisolation	of	multilayer	casings	will	per
mit	 determining	 the	 optimal	 content	 and	 the	 con
struction	 of	 heatinsulating	 layers	 according	 to	 the	
“pricequality”	principle	at	the	stage	of	projecting.

The	 multilevel	 system	 of	 heating	 the	 reservoir	
products,	made	on	the	basis	of	“DTH”	pipe	heaters,	

Table

The	values	of	coefficient	of	heat	loss	of	“DTH”	pipe	
heaters	for	different	types	of	heatinsulating	

of	multilayer	casings

№	 The	type	of	construction	
The	value	

of	coefficient	
of	heat	loss,	ε

1 Two	layers	of	aluminum	foil	with	
thickness	of	0.5	mm	with	the	layer	
(3.5	mm)	of	asbestos	between	them	

0.85

2 Two	layers	of	aluminum	foil	with	
thickness	of	0.5	mm	with	the	layer	
(3.5	mm)	of	mineral	wool	between	
them	

0.87

3 The	internal	layer	of	aluminum	foil	
with	thickness	of	0.5	mm	and	
“Armo	fol”	layer	of	NG	type	with	
thickness	of	4	mm

0.88

4 The	metal	multilayer	list	
“KSHIELD	FIREWRAP”	with	
thickness	of	4.5	mm

0.90

* the values of the coefficient of heat loss are given, considering the 
usage of metal external casing
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will	give	the	feasibility	to	realize	the	trunk	heating	of	
liquid	along	the	interval	of	ARPD	deposits	in	a	more	
qualitative	way	compared	to	analogies,	using	the	pos
sibilities	of	the	heater	location	in	any	place	along	the	
length	of	a	tubing	column	and	effectively	bringing	the	
power	to	the	intervals	with	the	highest	level	of	deposits.

The	perspective	prospects	of	further	research	is	the	
modernization	of	probed	complex	of	multilevel	 sys
tem	of	heating	reservoir	products	on	the	basis	of	pipe	
deep	heaters	of	“DTH”	type	with	extra	magnetic	sec
tions	to	increase	the	efficiency	of	ARPD	prevention.
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Мета.	 Обґрунтування	 конструкції,	 особливос
тей	компонування	та	розрахунку	основних	параме
трів	багаторівневої	системи	підігріву	пластової	про
дукції,	що	виконана	на	базі	глибинних	трубних	піді
грівачів	„ПЕТ‟,	які	розміщуються	в	нафтовидобув
ній	свердловині	та	поліпшують	умови	видобування	
пластового	 флюїду	 з	 високим	 вмістом	 асфальто
смолопарафіністих	відкладень	(АСПВ)	шляхом	пі
дігрівання	продукції	в	заданих	інтервалах.

Методика.	Методичною	основою	проведених	
досліджень	є	комплексний	аналіз	та	узагальнення	
літературних	 джерел,	 а	 також	 позитивного	 про
мислового	 досвіду	 боротьби	 з	 асфальтосмоло
парафіністими	(АСП)	відкладеннями	під	час	ви
добування	вуглеводневої	сировини	з	підвищеним	
вмістом	АСПВ	із	застосуванням	експертного	ана
лізу	та	оцінки	одержаних	даних.

Результати.	Результатом	досліджень	є	обґрунту
вання	конструкції	підігрівача	трубного	глибинного	
типу	„ПЕТ‟,	а	також	розроблення	на	його	базі	бага
торівневої	 системи	 підігріву	 пластової	 продукції,	
котра	інтегрована	до	складу	підйомника	з	насосно
компресорних	труб	(НКТ).	Обґрунтована	розрахун
кова	модель	для	визначення	параметрів	роботи	ба
гаторівневої	системи	підігріву	пластової	продукції,	
виконаної	на	базі	трубного	електричного	підігрівача	
типу	„ПЕТ‟.	Розроблена	методика	визначення	по
тужності,	що	необхідна	для	живлення	багаторівне
вої	системи	підігріву	пластової	продукції.

Наукова новизна.	Уперше	розроблені:	модель	
роботи	багаторівневої	системи	підігріву	пластової	
продукції;	 методика	 визначення	 коефіцієнта	 те
плових	 втрат	 підігрівачів	 трубних	 глибинних,	
оснащених	 різними	 типами	 кожухів	 теплоізоля
ційних	багатошарових.

Практична  значимість.	 Обґрунтована	 та	 на
ведена	 конструкція	 підігрівача	 трубного	 глибин
ного	типу	„ПЕТ‟,	а	також	запропонований	прин
цип	 компонування	 та	 розрахунку	 багаторівневої	
системи	підігріву	пластової	продукції,	котра	інте
грована	 до	 складу	 підйомника	 НКТ	 і	 дозволяє	
зменшувати	 рівень	 відкладень	 АСП	 на	 робочих	
поверхнях	глибинного	обладнання.	Запропонова
на	конструкція	багатошарового	теплоізоляційно
го	кожуха,	що	застосовується	у	складі	конструкції	
підігрівача	трубного	глибинного	типу	„ПЕТ‟.

Ключові слова:	асфальто-смоло-парафініс-
ті відкладення (АСПВ), глибинний підігрівач, 
система підігріву пластової продукції, насосно-
компресорні труби

Цель.	 Обоснование	 конструкции,	 особенно
стей	компоновки	и	расчета	основных	параметров	
многоуровневой	 системы	 подогрева	 пластовой	
продукции,	 выполненной	 на	 базе	 глубинных	
труб	ных	 подогревателей	 „ПЭТ‟,	 которые	 разме
щаются	в	нефтедобывающей	скважине	и	улучша
ют	условия	добычи	пластового	флюида	с	высоким	
содержанием	 асфальтосмолопарафинистых	 от
ложений	 (АСПО)	 путем	 подогрева	 продукции	 в	
заданных	интервалах.
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Методика.	Методической	основой	проведен
ных	исследований	является	комплексный	анализ	
и	 обобщение	 литературных	 источников,	 а	 также	
положительного	промышленного	опыта	борьбы	с	
асфальтосмолопарафинистыми	 (АСП)	 отложе
ниями	при	добыче	углеводородного	сырья	с	повы
шенным	содержанием	АСПО	с	применением	экс
пертного	анализа	и	оценки	полученных	данных.

Результаты.	 Результатом	 исследований	 явля
ется	 обоснование	 конструкции	 подогревателя	
трубного	глубинного	типа	„ПЭТ‟,	а	также	разра
ботка	на	его	базе	многоуровневой	системы	подо
грева	 пластовой	 продукции,	 которая	 интегриро
вана	 в	 состав	 подъемника	 из	 насоснокомпрес
сорных	 труб	 (НКТ).	 Обоснована	 расчетная	 мо
дель	для	определения	параметров	работы	много
уровневой	системы	подогрева	пластовой	продук
ции,	 выполненной	 на	 базе	 трубного	 электриче
ского	 подогревателя	 типа	 „ПЭТ‟.	 Разработана	
ме	тодика	 определения	 мощности,	 необходимой	
для	питания	многоуровневой	системы	подогрева	
пластовой	продукции.

Научная новизна. Впервые	разработаны:	мо
дель	 работы	 многоуровневой	 системы	 подогрева	

пластовой	 продукции;	 методика	 определения	 ко
эффициента	 тепловых	 потерь	 подогревателей	
трубных	глубинных,	оснащенных	различными	ти
пами	кожухов	теплоизоляционных	многослойных.

Практическая  значимость.	 Обоснована	 и	
описана	 конструкция	 подогревателя	 трубного	
глубинного	типа	„ПЭТ‟,	а	также	предложен	прин
цип	 компоновки	 и	 расчета	 многоуровневой	 си
стемы	 подогрева	 пластовой	 продукции,	 которая	
интегрирована	 в	 состав	 подъемника	 НКТ	 и	 по
зволяет	 уменьшать	 уровень	 отложений	 АСП	 на	
рабочих	поверхностях	глубинного	оборудования.	
Предложена	 конструкция	 многослойного	 тепло
изоляционного	 кожуха,	 который	 применяется	 в	
составе	конструкции	подогревателя	трубного	глу
бинного	типа	„ПЭТ‟.

Ключевые слова:	асфальто-смоло-парафи-
нистые отложения (АСПО), глубинный подо-
греватель, система подогрева пластовой про-
дукции, насосно-компрессорные трубы

Рекомендовано до публікації докт. техн. 
наук В. С. Білецьким. Дата надходження руко-
пису 02.06.15.

©	Miltykh	V.S.,	Sotnyk	M.	I.,	2016

УДК	621.65

V. S. Miltykh,
M. I. Sotnyk, Dr. Sc. (Tech.), Assoc. Prof.

Sumy	 State	 University,	 Sumy,	 Ukraine,	 email:	 bohdan
ovychviktoriya@yandex.ru

NUMERICAL STUDIES ON THE EFFECT OF IMPELLER OUTLET 
WIDTH ON CHARACTERISTIC CURVE SLOPE 

OF THE CENTRIFUGAL IMPELLER
В. С. Мілтих,
М. І. Сотник, д-р техн. наук, доц.

Сумський	 державний	 університет,	 м.	 Суми,	 Україна,	
email:	bohdanovychviktoriya@yandex.ru

ЧИСЛОВЕ ДОСЛІДЖЕННЯ ЗАЛЕЖНОСТІ КРУТИЗНИ НАПІРНОЇ 
ХАРАКТЕРИСТИКИ КОЛЕСА ВІДЦЕНТРОВОГО НАСОСА ВІД 

ШИРИНИ РОБОЧОГО КОЛЕСА НА ВИХОДІ

Purpose. The	present	paper	focuses	on	study	of	the	pump	performance	with	six	different	values	of	impeller	
outlet	width.

Methodology. In	order	to	determine	the	dependence	of	impeller	outlet	width	on	the	slope	of	characteristic	
curve	in	different	operating	modes,	the	numerical	simulation	was	used.

Findings. We	have	analyzed	publications	related	to	research	studies	on	centrifugal	pump	with	changing	impel
ler	outlet	width.	The	cause	of	efficiency	reducing	in	extremely	narrow	and	wide	impellers	was	determined.	Rela
tionship	between	 impeller	outlet	width	of	doubleentry	centrifugal	pump	and	slope	of	characteristic	curve	was	
established.

Originality. We	have defined	that	changing	of	the	impeller	outlet	width	within	some	relative	width	range	re
sults	in	achieving	required	characteristic	curve	slope	with	inessential	efficiency	drop.

Practical value. The	study	results	are	intended	to	be	used	while	modernizing	pump	impellers	with	specific	
speed,	which	operate	in	groups	with	different	 initial	characteristic	curves.	Such	modernization	is	possible	with	
existing	pump	casing	and	bearing	compounds	usage,	that	reduces	expenses	on	modernization	significantly	and	
lowers	pumping	equipment	lifecycle	cost.

Keywords: slope of characteristic curve, impeller outlet width, numerical simulation


