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Purpose. Substantiation of construction, peculiarities of assembling and calculating the main parameters of a
multi-level 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
asphalt-resin-paraffin (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 asphalt-resin-paraffin deposits (ARPD) while extracting hy-
drocarbons with high content of asphalt-resin-paraffin (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 multi-level system of heating the reservoir production on its basis, which is integrated into the
complement of a lifter made from pump-compressor pipes. The calculation model has been substantiated to de-
fine parameters of work of the multi-level 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 multi-level
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 multi-level
system of heating of reservoir products; the methodology of determining the coefficient of heat loss of pipe deep
warm-isolation multi-layers 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 multi-level 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 multi-level warm-isolation 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, self-streaming
or one of deep-pump ways of oil drilling in certain
cases is characterized by the availability of higher con-
tent of paraffin or asphalt-resin-paraffin deposits
(short - ARPD) in the fluid, the composition of which
includes paraffin, which is a series of methane hydro-
carbons from C 434 to CgH 30 as well as seliko-gel tar,
asphalt-resinous 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 pump-compressor pipes
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(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 steam-generating
sets are used, which heat the well trunk for dilution of
asphalt-resin-paraffin deposits (ARPD) and other
high-viscous 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
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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 NKT 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 pump-compressor 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 mounting-de-
mounting works and exploitation since even little
shakes or vibration during the work or lowering-lifting
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 cable-rope (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.
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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; § —
grounding; 9 — production casing; 10 — ferromag-
netic section

3500 ,

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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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: UES-1500,
SUEPS-1200 or SUEPS-1500, which are equipped
with winch that puts down the heater to a depth of
1200—1500 m on cable-rope and it complicates and
makes the exploitation more expensive.

Nowadays, there are practically no references to
multi-level 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 pump-com-
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 ten-heat-
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 multi-level 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
multi-level 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 multi-level 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;
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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
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- 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 multi-level order of heaters setting, 3 (3-6-
9-12)-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 high-viscous 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 /
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 three-core electrical element 4,
the cores of which are situated in the thermo-isolated
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 extra-fine multi-layers warm-iso-
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 multi-level 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

R
=0,5| 1+|1-=2 ||, 1
‘ H RQD W

where R, is the heat transmission of pipe shell; R, is
the heat transmission of heat-insulating multi-layer
casing with external casing of the heater.

According to Fig. 6

A
R =ad, +2—‘d+a2dl; 2
In—"

2

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2016, N 3

6 s 4

4 iy

a3 /////////////; ds
o

V| e 2,

7 A4 ?;,’.«‘:‘:'zs.g o
as "ﬁ d
éﬁ/ | 4/\\\’ b |
o X e
=gy W
= ﬁf/ J dl
% .ﬁeizqf"‘:’/""‘ ’,/’
/ &

'lllllll 4
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; d; — the diameter
of a corresponding element of the computational mod-
el (i=1-8); w,; — heat flows from heating elements,
which are used to perform useful work to the internal
cavity tubing; w,; — scattered outside heat flows

R, :a3a’3+2L+2 A, +

In% ln%
A A 3 A 4 3
+2—+2 ; +2 ;’i +a,d,,
In-* Int In=>*
5 d6 7

where a; is the coefficient of heat transmission of
i-element material, Vt/m? - K; d, is the diameter of a
relevant element of calculation model (i = 1-8), m; A;
is the coefficient of thermal conductivity of i-element
material, Vt/m - K.

The power that will be consumed by the deep pipe
heater in the process of warm preparation of reservoir
fluid, Vt

NH:c G(T, Tn), @)

1-€

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, °C; Ty is the initial temperature of reservoir
fluid at the input to the heater, °C; 7 is the time of lig-
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 multi-level system of
heating reservoir products complied on their basis ac-
cording to calculation models (Fig. 7).
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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:
Tn; — the initial temperature on the input to i-heater;
Tx; — the final temperature of reservoir fluid on the
output of i-heater; N; — the power that consumes
i-heater; l; — the length of i-heater

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
T, ranges from 60 to 76 °C.

The general power, which is to be provided by the
ground electrical stations to feed the multi-level sys-
tem of heating the reservoir products within the inter-
val of deposits, will be calculated by the equation

NZGZ =2Ni+Nlc.e.’ (5)
i=1
where ZN ; is the total power of n-number of heaters
i=1
in the well, kVt; N, is the loss of power in the electri-
cal cable, xVt.

The useful power of i-heater DTH, Vt

_4-N,-g

o T diz : le[

where N, is the power, consumed by the deep pipe

heater, Vt; d; is the average diameter of disposing of

electrical spins of the deep pipe heater, m; /,; 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 kVt with loss of 2—3,5 kVt in the cable along its
length;

; (6)
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3) the largest efficiency of the multi-level 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 u, < [u,, | = 1,5 m/s;

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

Table

The values of coefficient of heat loss of “DTH” pipe
heaters for different types of heat-insulating
of multi-layer casings

The value
of coefficient
of heat loss, ¢

Ne The type of construction

1 | Two layers of aluminum foil with
thickness of 0.5 mm with the layer 0.85
(3.5 mm) of asbestos between them

2 | Two layers of aluminum foil with
thickness of 0.5 mm with the layer

(3.5 mm) of mineral wool between 0.87
them

3 | The internal layer of aluminum foil
with thickness of 0.5 mm and 0.88

“Armofol” layer of NG type with
thickness of 4 mm

4 | The metal multi-layer list
“K-SHIELD FIREWRAP” with 0.90
thickness of 4.5 mm

* the values of the coefficient of heat loss are given, considering the
usage of metal external casing

Conclusions. The article substantiates and sug-
gests the construction of a pipe deep heater of “DTH”
type; it also provides the multi-level 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 asphalt-resin-paraffin 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 multi-level 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 warm-isolation of multi-layer casings will per-
mit determining the optimal content and the con-
struction of heat-insulating layers according to the
“price-quality” principle at the stage of projecting.

The multi-level system of heating the reservoir
products, made on the basis of “DTH” pipe heaters,
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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 multi-level 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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Meta. OOrpyHTYBaHHSI KOHCTPYKIIii, OCOOIMBOC-
Tell KOMITOHYBaHHSI Ta PO3paxyHKy OCHOBHHUX ITapame-
TpiB OaraTopiBHEBOI CUCTEMM ITiIirPiBy IJIACTOBOI IIPO-
JYKIIil, 1110 BUKOHaHa Ha 0a3i MMOMHHUX TPYOHUX ITi/li-
rpiBauiB ,,I[TET™, sxi po3milryoThcst B HATOBUIOOYB-
Hill CBEepIJIOBUHI Ta TOJIIMIIYIOTh YMOBU BUAOOYBaHHSI
IUIacToBOro (hJII0ioLy 3 BHUCOKMM BMICTOM acaibro-
cmoro-TiapadinicTux BinkiaaeHs (ACIB) nuisixom 1mi-
JirpiBaHHS MPOAYKILii B 3aJaHUX iHTepBasiax.

MeTtonuka. MeToaAMYHOI OCHOBOIO ITPOBEACHUX
JIOCTIIKeHb € KOMIUIEKCHUWI aHaJli3 Ta y3araIbHEeHHS
JIiTepaTypHUX JKepesl, a TAKOX IMO3UTUBHOTO MPO-
MUCJIOBOTO JOCBigy O0poThOU 3 achanabTo-CMOJ0-
napadinictumu (ACII) BinknageHHsIMU MiA Yyac BU-
IoOyBaHHS BYIJICBOTHEBOI CUPOBUHU 3 ITiABUIIICHUM
BMicToMm ACIIB i3 3acTocyBaHHSIM €KCIIEPTHOTO aHa-
JIi3y Ta OLIIHKY OAep>KaHUX JaHUX.

PesynbsraTii. Pe3yabraTom 10CTiIKEHD € OOTPYHTY-
BaHHSI KOHCTPYKIIii MimirpiBadya TpyOHOIO INIMOWMHHOTO
tuny ,,JIET*, a Takox po3po0sieHHs Ha ioro 6a3i 6ara-
TOPIBHEBOI CHUCTeMU TiAirpiBy IMIacTOBOI MPOMYKIIil,
KOTpa iHTerpoBaHa 10 CKJIaay MiZiOMHUKA 3 HACOCHO-
koMnpecopHux Tpyo (HKT). O6rpyHToBaHa po3paxyH-
KOBa MOJIeJIb JIJIs1 BU3HAYEHHSsI MapaMeTpiB podoTu Oa-
raTopiBHEBOI CUCTEMU TiMirpiBy IJIACTOBOI MPOMYKIILii,
BUKOHAHOI Ha 06a3i TpyOHOTO eJIeKTPUYHOTO MifirpiBaya
tuny , IIET*. Po3pobieHa MeTonrka BU3HAYEHHSI MO-
TY>XXKHOCTI, 1110 HeOOXiAHA IJIsl KUBJIEHHSI OaraTopiBHE-
BOI CUCTEMM ITiirpiBy IJIACTOBOI MPOMYKIIl.

Haykosa HoBU3HA. Y1iepiie po3po0JieHi: MOIeIb
po6oTH baraTopiBHEBOI CUCTEMHU MiAirpiBy MJacTOBOI
MPOAYKIIii; MeTOIMKa BU3HAUYEHHST Koe(illieHTa Te-
IUIOBUX BTpaT TiairpiBadiB TpyOHMX TJIUOMHHMUX,
OCHAIIICHUX Pi3HUMU TUMNAMU KOXYXiB TETI0i30Js1-
LiHUX OaraTolIapoBUX.

IIpakTuyna 3HaymMicTh. OOrpyHTOBaHa Ta Ha-
BelleHa KOHCTPYKIlisg mimirpiBaya TpyoHOro rimOuH-
Horo tuny ,,JIET®, a Takox 3arporoHOBaHUI TTPUH-
LIUIT KOMIIOHYBAaHHSI Ta PO3paxyHKy OaratopiBHEBOI1
CHUCTEeMM MiirpiBy IUIaCTOBOI MPOMYKIIii, KOTpa iHTe-
rpoBaHa no ckiany nigiiomHuka HKT i mo3Bossie
3MeHIIyBaTH piBeHb BigkinameHb ACIT Ha poboumx
MMOBEPXHSIX TITMOMHHOIO 00J1aiHaHHS. 3aIpONOHOBa-
Ha KOHCTPYKIIis 0araTouapoBOro Terioi3osiiiiHo-
IO KOXYyXa, 1110 3aCTOCOBYEThCS Y CKIadi KOHCTPYKILIil
migirpiBaya TpyoHoro rmuouHHoro tuny ,, ITET.

KmouoBi caoBa: acgparbvmo-cmono-napaghinic-
mi gioknadenns (ACIIB), eaubunnuii nidiepieau,
cucmema nidiepigy naacmosoi npooyKuyii, HACOCHO-
KomnpecopHi mpyou

Ileab. O60CHOBaHWE KOHCTPYKILIMU, OCOOEHHO-
CTeit KOMIIOHOBKH M pacueTa OCHOBHBIX ITapaMeTPOB
MHOTOYPOBHEBOM CHCTEMBI IIOHOTPEBa ILIACTOBOM
MIPOOYKIINM, BHITIOJJHEHHON Ha 0a3e NIyOMHHBIX
TpyOHBIX TomorpeBatenieit ,, [IDT, koTopble pa3me-
IaI0TCsl B HeDTeNO0OBIBAIONIEH CKBAXXUHE U yydllia-
IOT YCIOBUS JOOBIYY TJIACTOBOTO (hJIFOUIA C BBICOKUM
conepxxaHnmeM ac@ajabro-cMOJIo-MapapUHUCTHIX OT-
noxenuit (ACITO) nyteM momorpeBa MpOAyKLIUU B
3aJJaHHBIX UHTEpBaIax.
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Metoauka. MeToauueckoil OCHOBOI MpOBeIeH-
HBIX UCCIICIOBAHWI SIBIISICTCS KOMITICKCHBIN aHAN3
1 00O00IIeHNE TUTEePATYPHBIX NCTOYHUKOB, a TAKXKe
TOJIOKUTEJIFHOTO TIPOMBIIIUICHHOTO OIBITa OOPHOEI C
acansro-cmono-tmapaduHucteiMu (ACII) otnoxe-
HUSIMU TIPU TOOBIYE YIJIEBOTOPOTHOTO ChIPbSI C TTIOBBI-
meHHbIM conepkaHueM ACITO ¢ mpuMeHeHueM 9KC-
TMEPTHOTO aHAIM3a U OLIEHKU TTOJTyYeHHbBIX JaHHbIX.

PesynbraTsi. PesynsraTrom uccienoBaHUM sIBJISI-
eTcsi OO0OCHOBaHWE KOHCTPYKLIMHU ITONOTPEBATENS
TpyOHOrO myouHHoro tuma ,,JI19T*, a Takxke paspa-
0oTKa Ha ero 6aze MHOTOYPOBHEBOI CUCTEMBbI MOAO0-
rpeBa TIacTOBOM MPOMYKIIMK, KOTOpPask MHTETPUPO-
BaHA B COCTaB ITONbEMHMKA W3 HACOCHO-KOMIIpEC-
copubix Tpydo (HKT). ObocHOBaHa pacyeTHass MO-
IIEeJTb TSI OTIpeAe/ICHIsI TTapaMeTPOB pabOThI MHOTO-
YPOBHEBOM CUCTEMBI ITOIOTPEBA IIACTOBOM MTPOMYK-
1IM1, BBITTOJJTHEHHOM Ha 0a3e TpyOHOro sJjeKTpuue-
ckoro mnoporpeBarenst tuna ,,I1DT“. Pazpadorana
METOIMKa OIIpeleeHUsT MOIIHOCTU, HEOOXOMMMO
IUJIsl IATaHUSI MHOTOYPOBHEBOM CHUCTEMBI TTOAOTpeBa
TLUIACTOBOM MPOAYKIIUU.

Hayunas HoBu3Ha. BriepBbie pa3zpaboTaHbl: MO-
JieJib paboOThl MHOTOYPOBHEBOM CHCTEMBI MOAOTPEBa
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IUTACTOBOW MPOMYKIIUM; METOAUKA OMpeneseHUus Ko-
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NUMERICAL STUDIES ON THE EFFECT OF IMPELLER OUTLET
WIDTH ON CHARACTERISTIC CURVE SLOPE
OF THE CENTRIFUGAL IMPELLER
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YUCJOBE JOCILJPKEHHSA 3AJEXKHOCTI KPYTU3HU HAIIIPHOI
XAPAKTEPUCTHUKH KOJIECA BIJHEHTPOBOI'O HACOCA BI/J
HNIUPUHHU POBOYO0I'O KOJIECA HA BUXOAI

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 double-entry 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 life-cycle cost.

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