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Abstract

The paper specifies the model of oil pipeline déugal pump, made on the basis of eledtyarodynamic analogy meth
and designed to calculate performancarabteristics of the hydraulic machine accordingg@atalogue data depending on
change of the flow rate and the rotational speeth@fump impeller considering the physical prapserof the fluid (its densi
and kinematic viscosity). The articloffers a presentation of mechanical losses asnlinear active resistance, the valu
which is a quadratic function of the flow rate ofcantrifugal pump. This enabled the authors to iobthe formulae fc
calculating pressure characteristics, powensumed by the driving motor shaft and the meelgfficiency depending on 1
change of flow rate. There is made an investigadithe established operation modes of main pipgiiamps of NM series |
constructing a set of performance charactesstiith different values of impeller rotational sgeerformance characteristict
the main pump NM-7000-210 have been calculatedt@@ump hashown a high convergence of calculated and chaistite
obtained experimentally. The offered model of atiéfiyal pump is easily adaptable to modern intévaccomputebased too
(SIMULINK, 20SIM, PSPICE, etc.) assigned for sintida of operation modes of mechatronic engineesggtems, whic
include pumping stations of main oil pipelines. S'ethodf simulation contributes to the theoretical asayand optimizatic
of the oil pipeline centrifugal pump efficiency.
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The problem of efficiency of oil and gasmethod to calculate its performance characteridtics
equipment is particularly acute in today's rapidvgh the catalogue data of a pump depending on the ehang
in energy source prices. One of the main elegricitof the flow rateand the impeller’s rotational frequencies
consumers are motor drive pumping units of oitonsidering the physical properties of the fluid.
pipelines, equipped with centrifugal pumps (CP). We  The electro-hydrodynamic analogy method is
know that they often operate in suboptimal, usuallpased on the isomorphism of formulae, which describ
underloaded modes associated with significant gnerghysical processes in electrical and hydraulicesyst
consumption. In this regard, there is a practie@chto There are widely used the following analogies: teiec
determine the best modes of CPs by constructinig theoltage — pressure (or head) and electric currenaiss
performance characteristics, which set the deperedenor volumetric) flow. The parameterRy, which

of head Hg, power consumptionN¢ and efficiency characterizes heat losses caused by the frictiore fof
non flow rate Qr based on catalogue and desigrthe working fluid, and parametedsy and Cy , which

parameters for pumps with regard to the change mepresent inertial properties and fluid compretigjbi
physical properties of the working fluid. The questof are hydraulic analogues of passive elements of the
calculating of these characteristics with regardthte alternating current circuit, resistand@g, inductance

chapge in rotational frequency Qf impeIIer_s i; of Lg and capacitanceCg respectively [1]. This

particular relevance due to the widespread intrbduc h bled i thesize "electric” .

of electric drive based on thyristor frequency caners. approach enabled us 1o synthesize “electric etpnva

It will also help simplify the process of analysisd circuits of hydraulic systems, which can be anadyze
psing a well-developed electrical apparatus.

operational control both of fixed and transitional A th del ith | d i f
operation modes of the CP. Thus, the purpose of the mong the Models with lumped parameters or

article is a precise study of the pipeline CP matatle analysis of hydraulic process in pipelines thereusdh

on the basis of the electro-hydrodynamic analog e mentioned the SCIeI’lt.IfIC work [2], Wh'.Ch s_tud!ed
ese models for transient processes in pipelines,

considering the elastic and inertial effects. Aadletl
definition of such components as resistance, ctgpam
and inductance for modeling of fluid movement cko a
be found in [3] where there is made a comparative
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a)

1
H

parameters to study the dynamics of low viscodsitigl§
serial number of the area. L R L
inertia (mass)L;, and capacitance (stiffness€), are

waterhammer equation in the pipeline system and P R L R 1
structural equation of the pipe by the Galerkin et . o L r
in [4]. This enabled us to express the system ¢ | ‘
equations through the matrix of mass coefficients

H Q) C QD
in the systems with the piezohydraulic drive isegivn
[5]. Here hydrotract is divided inta unified sections

The equivalent circuit of the pipeline for the —{ """
analysis of compressible fluid movement is shown in
Figure 1(a) and it consists of equivalent circuits of c oL
individual sections. ! T
(e,

calculated by the design parameters of a pipelim a b)
physical properties of the working fluid and thene a

damping and stiffness. A good example of using ledhp WI-I' CZT Cn'l'
0 O 0O O
with the lengthl; and cross sectio, wherei=1,n is a
R,
The lumped parameters of resistance (damgg)
shown in this Figure. For the laminar flow reginte t

equations are the following
8rpvl;
I:zl = 2 I ' (1)
S
i c
=4, @ 9 _ .
S a — pipeline areas in case of analysis of compbdssi
_ S} fluid movement;
G = B ®) b — centrifugal pump; ¢ — hydraulic turbine
wherev, B, p are kinematic viscosity, compressibility Figure — 1 Equivalent circuits
and density of the working fluid (for the incompside
fluid B =) respectively. The most detailed is a scientific work [8], which

Although models with lumpe®, L, C parameters offers the model of a CP, which allows calculating
are commonly used for modeling fluid flow in pipinghead-flow characteristicsiz = f(Qg) at the full range

systems, we can state a fact of their limited apilbn ;
for study of operation modes of hydraulic machinesc.)f actual flow change at a CP outpQk from zero (idle

This situation is caused by a distinct historical’od€) to maximum (the mode of conditional pipeline

development of classical hydraulics and engineerirgf€@kage) by the catalogue and design parameténs of
fluid mechanics. machine on the basis of electro-hydrodynamic aryalog

The theoretical studies on the use of electrolNiS model is based on the application of a complex
hydrodynamic  analogy to analyze modes 0gqun_/alent C|rc_U|t of a CP (Figure 2_) ob'galned_ e t
performance of hydraulic turbomachinery are ofotating coordinate systend, g, which is strictly
particular importance. There are many scientifickgp connected with the CP impeller.
where the problem is only mentioned without any
comprehensive solution, e.g. [6], which indicatbs t
possibility of building and even shows the equingle
circuit of a CP (Figure 1 (b)) without any justditon
and estimation of its parametéisR, L, C).

We should make a detailed overview of the x, .
scientific work [7], which addressed the applicatiof
the generalized theory of circuits with lumped
parameters for the research of fixed and dynamide®so
of a hydraulic turbine (Fransis turbine). A sinfipl
equivalent circuit of the machine is offered insthi

Impeller

scientific work (Figure 1 (c)). Figure 2 — A complex equivalent circuit of the CP
However, the proposed model has significant
disadvantages as it does not enable us to condider The elements of the equivalent circuit of a CP are

geometry change of the hydromachine flow, the numbgomplex parameters — a sourpgH , with the internal

of impeller blades and does not provide the saiutb reactancex; made by the pressure (force) at the outlet
the dependence of turbine performance characteyisti t y P

on the fluid viscosity. Furthermore, the author diat Of the impeller (an analogue of the electromotigecé

consider physical causes of the change in mod@ electrical circuit) and a set of active resistsr and
parameters by the harmonic law. inertial reactances, which symbolize the losses and
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energy transformations in the unit (the workingdlis In particular, dimensionless values of pressBre

considered as incompressible). Hpres the density of 5.4 headH. are equal in the per-unit system (for the

fluid, g is a gravitational acceleratiottl g is the head jncompressible fluid)
of an idealized CP (lossless and with an infinikenber ogH

of very thin blades) in an idle mode. P= Ho He.
X . AMpas
The Dbranches with complex impedances X

Zpn = Tan + X 7 m e 4 ix and The system of equations of the pressures and flow

AH ~AH AH 8Q ~aQ ™ Faq rates balance in a CP fits the complex equivalgatit
Zmech= mecht Xmech r€flect hydraulic, volumetric and Q-0 ~Q =0
mechanical losses of the CP respectively, while the —Z —mech =« =
branches with pure reactancesy and x,q reflect Q. —gﬂ —QT =0,
reduction of the pressure and flow rates of theypu ' 0
caused by a finite number of blades. Here the activ Q; -Q,~Qx =0
resistancesrag and rpy simulate the irreversible Q. ecr(Tmecht Xmech) = A3H o, (9)

losses (dissipation) of energy into the medium eat h ST + . — uH
due to viscous friction between the fluid layerdjiles Q, JO%¢ +Xy1) QﬂJX#Q =A0o.
I'mech represents heat losses caused by the disk friction QA(rAQ +jXaQ) _QﬂijQ =0,

of impellers, bearings and stuffing boxes, and

He Q,(raq + XaQ) Qi (ran + Xan ) = PIH g

MNoad = is a hydraulic resistance of a pipeline. In ,
Here Q are complex parameters (Il;‘_)oo is flow
general, the active resistance reflects the visga@sid - -

the density of the working fluid rate of an idealized CFQT is the flow at the output of
rzzp,,i)(_j, (4) the impeller before volute,gA is the volumetric

. leakage, is the volumetric losses caused by a finite
where y, S are the wetted perimeter and the cross- 9 9/1 y

sectional area of hydraulic tract of a CP with kvegth number of bladesQ _  is the mechanical losses, and
| N Q_ is the total flow rate of a CP, respectively.
The inertia reactances,y and xq are caused —=

There are usually mounted four NM serisible-

suctionCP (one of which is a reserve) in the pumping

flows and _model vortex processes of inte_rnal ENeT%Yation of oil pipelines in Ukraine. The catalogue
transformations (klnetlc_ energy into potential ande nominal parameters of these machines are shown in
versa). In general, the inertia reactance dependbh® Table 1 [8]

rotational frequencyn of the CP’s impeller

by the inertia forces that counteract the chang€#n

Table 2 shows parameter values of an equivalent
:ﬂﬂ_ 5 circuit of a NM-7000-210 pump in the per-unit syste
30S for the working fluid (oilo = 800 kg/m, V = 10° né/s)
Calculation of the equivalent circuit elements anggjculated by the method [8].
operation modes of a CP is made in the per-unteays It is well known that power losses in a CP are
where nominal parameters of the machine are usuallynyentionally divided into hydraulic, mechanicaida
chosen as basic parameters. It is enough to setlyp olumetric [9]. The scientific work [8] offers the

two basic parameters — the presstirg,s and flow rate  simulator of a CP on the basis of the method aftede
Qpas, Which equal nominal values of the discharge hedtydrodynamic ~ analogy. The simulator — allows

and flow rate of a CP respectively. calculating its head-flow characteristiddg = f(Qg)
H,.._ = pHnom based on the catalogue and design parameters of the
bas= 'R (6) machine. The high accuracy of results (relativereof
Qoas=QR°™ calculation is typically less than 5% at the opierat

range of the CP) proves the adequacy of simulaifon

In this case basic powerNyss and basic the pump’s volumetric and hydraulic losses using a

impedanceZy,s are the following: complex equivalent circuit with constant parameters
Npas = P9HpaQbas (Figure 2): T_his is presented in Figure 3 that sh(m_N
H ) good coincidence of calculated and obtained
Zbas:Mi experimentally head-flow characteristics for the
as NM-7000-210 pump [8]. However, an attempt to
H Q include the branch with the permanent hydraulic
o= — Q= Qoc’ impedance Zmech= mecht Xmech iNto the circuit for
Igas Zas (8) simulating mechanical losses was unsuccessful (here
Ni = N 1 Ls = 7 j =+/—1 is the imaginary unit). The errors of consumed
bas bas
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Table 1 — Catalogue nominal parameters of NM serieGP

Pump HRO™ m | QR°™ m’h | NZ°™ kw | n"™™ min® | 7™ | npieth Ns
NM-1250-260 260 1250 1107 3000 0.80 0.912 70
NM-2500-230 230 2500 1822 3000 0.86 0.9¢64 109
NM-3600-230 230 3600 2593 3000 0.8Y 0.968 131
NM-5000-210 210 5000 3327 3000 0.86 0.9%0 165
NM-7000-210 210 7000 4604 3000 0.87 0.9%6 195
NM-10000-210 210 10000 6430 3000 0.8D 0.9¥3 233

Table 2 — Parameters of the equivalent circuit oftte NM-7000-210 pump

Pump Ho X Xy X0t X Fpor X+ Mg ¥10°
NM-1250-260 1.387 0.059 0.003 0.256 11.40 24.95 0.440 5.07
NM-2500-230 1.504 0.124 0.055 0.588 0.29 0.04 0.4p4 .14 2
NM-3600-230 1.661 0.274 0.12(¢ 1.138 0.44 0.04 0415 321
NM-5000-210 1.759 0.375 0.23( 1.899 0.61 0.06 0.4p7 810
NM-7000-210 1.909 0.539 0.254 2.306 0.80 0.06 0.398 530
NM-10000-210 2.195 0.786 0.327 2.798 1.00 0.03 0.390 0.31

Table 3 — Calculated parameter values of the mainymnps of NM series
Pump ye® | Nmecn | Nmedh N> Hegr Xecr et
NM-1250-260 0.803 0.23 0.10 0.048 1.119 0.49D 0.00p2
NM-2500-230 0.899 0.29 0.04 0.037 1.144 0.56p 0.00p6
NM-3600-230 1.085 0.44 0.04 0.041 1.227 0.70[ 0.00p9
NM-5000-210 1.260 0.61 0.06 0.042 1.324 0.86p 0.0040
NM-7000-210 1.380 0.80 0.05 0.045 1.404 0.98p 0.0048
NM-10000-210 1.546 1.00 0.03 0.064 1.54¢ 1.178 0.0067

power and efficiency characteristics increased Obviously, the irreversible mechanical losses are
dramatically in low flow modes although they didt no caused by the friction effect and they should béteth
exceed 10-15% in the working range of flow rates. in the form of heat at an active resistangggch.
This model has gained widespread use despite thigerefore a reactive component of impedance is
shortcoming. In particular, there should be noted t Xmeech=0. In addition, studies have shown that

scientific works [10 — 11] because their authorgeha . .
successfully investigated the steady operation mafe Mechanical losses depend on the flow IQig and their

a CP. Itis necessary to mention the works [12HH# ~ minimal value N "™ is in nominal operating mode of a
have analyzed dynamic modes of pumping statio p

using the BOND GRAPH models of a CP (made on th

basis on the above mentioned model). One of the first attempts to introduce mechanical

losses as a dissipative element — an active rasista
with the variable parametenecn= (MR of the

Hg ,m . . . . . -
* oo equivalent circuit of a CP — has been made in scientific

works [15, 16], wherermogy, is the value of mechanical

320 . . . .
F—— 2 resistance in a nominal mode. However, this

240 e presentation of mechanical losses provides with
M\\_ adequate results only in the range (0.6-1.1) of the

" nominal flow rateQR°™ and is fundamentally erroneous

80 for low flow modes of a CP.

A complex equivalent circuit (Figure 2) can be

0 1000 2000 3000 4000 5000 6000 7000 8000 Qg ,m%/h simplified to the form shown in Figure 4 by
Figure 3 — The head-flow curves of the NM 7000-210 equivalentiation  [8]. Calculated  dimensionless

pump, calculated by the model with constant parameter values of the scherig,., X.q and r.g«

parameters (curve 1) and obtained in experimental  for the NM series of a CP are shown in Table 3.
way (curve 2) [8]
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' Xeg pgHr The balance of pump powers can be represented in
o——o—1 1 Y YN o the following way based on the complex equivalent
N N Ox circuit of a CP (Figure 2)
mech ‘} Ne ™7 = Nc =Ng +ANy +ANg +ANpech (12)
VmechH () pgﬂeq Voaa [] where N¢ is the pump power consumed by the motor
drive shaft; Ng is an efficient hydraulic pump power
at the output of a CP [8], which is transferred witie

o O O working  fluid to the pressure pipeline;

Figure 4 — Equivalent scheme of a CP ANy ,ANG,ANpecn are  the powers of hydraulic,

volumetric and mechanical losses in a CP respdgtive
The non-linear active resistance of mechanic@mitted at impedances of an equivalent circuit

losses simulation is 'aH *faH »TaQ * ITaQ @ndrmecht M mechr
2 . . . -
_ Heqo Let's write the equation of internal powex; as
mectin = . (10)
ANech follows
Based on the equivalent circuit (Figure 4) with NIT =Ng +ANy +ANg. (13)

regard to the similarity theoraffinity laws) of a CP [9]
we can obtain an expression to re-calculate head-fl
characteristic of a CP from one rotation frequetzy
another with regard to fluid viscosity

Heo = Ky (Heq)? = Qe kn)? = Qg (11)

On the other hand, according to the equivalent
circuit of a CP (Figure 2) this power is calculatsthe
following product

N7 = oHQr . (14)
This approach enables to obtain formulae for
calculating the efficiencies of a CP
Mhom _Hr ~ _Qr _ Ny
frequency change. = Hy /1Q = Q /Tmech™ o' (15)
Figure 5 shows a series of head-flo
characteristics for different rotational frequersca the
main pump NM-7000-210 calculated on the basis dhechanical efficiencies, respectively. Their prdduc

where k, = is the coefficient of the CP rotational

“where N1+, Mmech  @re hydraulic, volumetric and

equation (11). determines the overall efficiency of the pump
_Ne _
He m) n= N_C =M1/l Tmech - (16)
\< In addition, we obtain an expression of consumed
S~ power as the sum of internal power and mechanical
~ losses, based on the expressions (12) and (13),
\ illustrated by the equivalent circuit of a CP (Fig4)
e _'—'_“"\/A N N¢ = N%‘ +ANmech - (17)
S \ The researches have enabled us to introduce the
~ model of mechanical power losses in a CP in the
\ following form (Figure 6)
- 3
0 \\Q \\ ANmecn= AN+ AN - (18)
\\
[~ —— 4 \ ANmech|
100 \
"-—____._____‘<5 L AN,I,?EE;,
\\ N\
0 2000 4000 6000 8000 Qg ,m/n
1—-n=3500 rpm; 2- n=3000 rpm; 3- n=2500 rpm; \ /
4 —n=2000 rpm; 5-n=1500 rpm N v
Figure 5 — Calculated head-flow characteristics Ly om N
of the pump NM-7000-210 in case of changing mechp — " PToTCCT T
rotational frequency n of a CP 5 O

Figure 6 — Dependence of mechanical power losses
AN, . .on the flow rateQy

mech
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The permanent (at a constant rotational speed ANmecn,

the impeller) component of these losgE¥ oS shows 10 N

irreversible dissipative power losses of the digition,

friction in bearings and friction of a drive shafal, 0.8
independent from the flow regime. This component i

equal to the value of mechanical power losses i 06

nominal operation mode of a CHMgag, Which is

typically less than 5—7% of the total consumed pooie
a CP and is defined in a per-unit system considetie
affinity laws for the CP [2] as:

N

/

N

NN, A

6 08 10 12 0.

N

)
3
g

t _ -
ANgONSt = anfom, = NL_mechl (19 T
n 1 —n=3500 rpm; 2 — n=3000 rpm; 3 — n=2500 rpm;
Here n"°™ and 70T}, are the values of the overalll 4 —n=2000 rpm; 5 —n=1500 rpm.
Figure 7 — The dependence of mechanical power

losseANeeh 0N the flow Qg for NM-7000-210
in case of changing rotational frequency of a CP

0.2

[/ /

A/

and mechanical efficiencies of a CP in a nominal
operation mode.

In addition there are variable power losgé¢ya.,

caused by deviation of the operation mode from the The study of expressions (16) — (21) enabled us to
nominal one, accompanied by fluid hammer with théalculate the performance characteristics of the
working surface of the blade. These losses cantmso consumed power and the efficiency of a CP. Fig@res
related to mechanical losses because they illestret and 9 in particular show good coincidence of the
heat dissipation in a CP. They are represented ascalculated and experimentally —obtained above-
quadratic function mentioned characteristics for the main pump NM-Z000
2 210. In addition, these expressions allowed arcaiti

- ) (20) calculation of these characteristics in case ohghay

the rotational frequency of a CP impeller. Thesules
are shown in Figures 10 and 11.

var  _ ID nom QR"
ANmech = (ANmecH _ANmech)( k
n
Here ANrInDecrr is a relative value of mechanical
power losses in an idle mode and can be calculaged "e*”

the scalar model of a CP [8] 000 ‘Z/‘;{L’— _L
3[,_, no om| | p===
Aerw?ech = kn(l il )_ NTIP o (21) - - N

HOM I,
n 3000
nom

where y, is a nominal load angle of the pump,

associated with the specific speed of aiGHn the first
approximation by the expression [8]

2000

1000

ygom ) 0.475(14- &J ; (22) o 1000 2000 3000 4000 5000 6000 7000 8000 Qg ,m%/h
100 Figure 8 — The dependence of characteristics of

consumed powemNc on the flow Qg of the main

N7~ is the V"’?'“e of internal power of a C_P in an idle pump NM 7000-210 calculated by the presented
mode, determined by the solution of equations ¢®)af model (curve 1) and experimentally obtained

given rotational frequenayof a CP in case o =0. (curve 2) [17]
Obviously, the shock-free entering of the fluid in,, ,

the impeller of a CPN & =0 occurs only in the ' . |
nominal mode of operation. This approach is calmsed 80 /J;— T
the fact that the change of pressure losses of anCP #~ L

case of deviation from the shockless mode increas o
almost linearly [9], determining the correspondincg
change of power losses according the parabolic law.

The calculated values of parameterg °", 20

40

ANr',?ecH and AN}P in the per-unit system are shown

0
in Table 3 where nominal parameters are adopted ful':igure 9 — The dependence of characteristics of the
pipeline pumps of NM series. Figure 7 shows the

[ Il efficiency n7 on the flow Qg of the main pump
dependence of mechanical power losses on the fitav r ©V& R
for NM-7000-210 pump by changing the rotational NM 7000-210 calculated by the prese_nted model
frequency of a CP. (curve 1) and results obtained experimentally

(curve 2) [17]

1000 2000 3000 4000 5000 6000 7000 8000 QR,ma/h

ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2015, Vol. 2, Issue 1 29



V.S. Kostyshyn, P.O. Kurlyak

Ne, kW References
0o LT [1] Esposito, A 1969, ‘A Simplified Method for
o . /// Analyzing Circuits by Analogy’ Machine Designpp. 173-
T 177.
o [2] Streeter, V 1961 Handbook of Fluid Dynamics,
2 — McGraw-Hill, New York.
2000 " [3] Doebelin, E 1972, ‘System Modeling and Response’
// Bell & Howell Company Ohio, p. 285.
3000 5 [4] Wang, Z , TAN, S 1997, ‘Coupled analysis ofidlu
o — transients and structural dynamic responses of pelipe
2000 fmm — ” system’, Journal of Hydraulic Researchvol. 35, no. 1,
8 pp. 119-132.
1000, 5 [5] Nasser, Khalil, M 2000Pevelopment and Analysis
of the Lumped Parameter Model of a PiezoHydraulic
0 T 1000 2000 3000 4000 5000 6000 7000 8000 g w3/ Actuator: Thesis Master of Science in Mechanical

Engineering Blacksburg, Virginia Polytechnic Institute and
1 —n=3500 rpm; 2 — n=3000 rpm; 3 — n=2500 rpm;  State University.

4 — n=2000 rpm; 5 — n=1500 rpm. [6] Glikman, B 1986, Mathematical models of
Figure 10 — The calculated power characteristics  pneumatic-hydraulic systegidoscow, Nauka. (in Russian).
of the NM-7000-210 pump for impeller rotational [7] Nielsen, T K 1995, ‘Simulation of dynamic
frequenciesn behaviour of governing turbines sharing the saneetetal
- grid’, Proc. 7th international meetin&lovenia, pp. 267-275.
10; [8] Kostyshyn, V 2000Modelling of centrifugal pumps
: modes on the basis of electro-hydraulic analdggkel, lvano-
&6 . ,4//' \ = T Frank[ig\)/]sk.ﬂ(indukrairclziang.ZT X hiness I
& 5 . 2 Pfleiderer, C 1952TurbomachinesSpringer-Verlag,
= 7 7// - \\ﬁ R New York.
/ / 5 \ [10] Gogolyuk, P, Lysiak, V, Kostyshyn, V &
40 / iz \ Grinberg, | 2005, ‘Mathematical Modeling of SteaByate
/ 1 Modes of Induction Motor—Centrifugal Pump Combinatio
20 with  Pump Hydraulic Tracts Combined Connection’,
Proceeding of the Xl International Symposium on
0 1000 2000 3000 4000 5000 6000 7000 8000 Qp ,m/A Theoretical Electrical Engineering,Lviv, pp. 353-356.
(in Ukrainian).
1 —n=3500 rpm; 2 — n=3000 rpm; 3 — n=2500 rpm; [11] Gogolyuk, P, Lysiak, V & Grinberg, | 2008,
4 —n=2000 rpm; 5 — n=1500 rpm ‘Influence of Frequency Control Strategies on Indrct
Figure 11 — Calculated characteristics Motor-Centrifugal Pump Unit and Its Modes’'|EEE
of the NM-7000-210 pump overall efficiency International Symposium on Industrial ElectronicSIH,
for impeller rotational frequencies n pp. 656-661.
[12] Kostyshyn, V & Kurlyak, P 2007, ‘Developmerit o
the Computer-Oriented Models of Electrically Droved
. Machines in Petroleum Industry’Oil and Gas Power
Conclusions

- Engineering vol. 1(2), pp. 50-56. (in Ukrainian).

There is offered to use the met.hod of eIect_ro— [13] Kostyshyn, V & Kurlyak, P 2007, ‘The Bond Graph
hydrodynamic analogy for presentation mechanicghodel of oil-transfer stations main way centrifugaimps’,
losses as a nonlinear active resistance, the wvalue Prospecting and Development of Oil and Gas Fields. 1
which is a quadratic function of a CP required flate. (22), pp. 56-63. (in Ukrainian).

This approach enabled us to obtain analytical féamu [14] Kostyshyn, V & Kurlyak, P 2012, ‘Investigatiaof
for calculating characteristics of head, power anfi¢ electric drive centrifugal pump units dynamiodes by
efficiency of a CP from the flow rate by its cagle helr computer-oriented Bond Graph model¥isnyk  of
data taking into account changes in rotationaldesmy Vinnytsia Politechnical Institutevol. 2, pp. 148-153. (in

n and the properties of the working fluid contribgtito Ukral?llzg])kostyshyn V & Nykolyn, P 2010, ‘Energy

the increase of the pump efficiency. The highsficiency centrifugal units of main oil pipelinesil and

convergence of calculated and obtained experimgntalgas Power Engineeringol. 1(12), pp. 23-26. (in Ukrainian).
performance characteristics of the main pump NM-  [16] Nykolyn, P 2012, ‘Modeling of mechanical loiss
7000-210 is shown in the paper. The integrated modegectrically driven centrifugal pump functioning¥isnyk of
of a CP is easily adaptable to modern computerebas¥innytsia Politechnical Institutevol. 2, pp. 136-138. (in
interactive tools (SIMULINK, 20SIM, PSPICE, etc.),Ukrainian). o

assigned for simulation of operaton modes of [17] Centrifugal oil mainline and booster pumps73,

mechatronic engineering systems, which includ irectory, CYNTYhymneftemash, Moscow. (in Russian).

pumping stations of main oil pipelines.

30 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2015, Vol. 2, Issue 1



Simulation of performance characteristics of centri fugal pumps by the electro-hydrodynamic analogy met hod

YK 621.22+621.67+62.001.57

MopaenioBaHHA XapaKTepUCTUK BiALEHTPOBUX HacociB
3a MEeTOAOM eneKTporigpoanHaMiYHUX aHanorin

B.C. Kocmuwun, I1.0. Kypasak

lsano-Ppanxiscokuti HAYiOHATLHUL MeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcora, 15,m. Isano-@panxiecvk, 16019, Vrpaina

YTouHEHO MOJIENb BiIIIEHTPOBOTO HACOCA MaricTpaIbHUX HA(TOMPOBOIIB, SIKA CTBOPEHA Ha OCHOBI METOIY
€JICKTPOT1IPOIMHAMIYHOT aHAJIOTI1 Ta MPU3HAYCHA IJISl PO3PAXYHKY pOOOYHX XapaKTEPUCTHUK TiApaBIidHOI MAIIHHU
3a 11 KaTaJIOTOBUMH JaHUMH 3aJI€KHO BiJI 3MiHU BUTPATHOTO HABAHTKEHHS 1 9acTOTH o0epTaHHS poOOUYOTo Koyeca
Hacoca 3 ypaxyBaHHIM (i3UUHHMX BIACTHBOCTEN pimuaK (IyCTHHA, KIHEMATHYHA B’ A3KICTB).

3anponoOHOBAHO MPEACTABICHHS MEXaHIYHUX BTPAT Y BUTIISAII HEMIHIHHOTO aKTUBHOTO OTIOPY, BETUYHHA SKOTO
€ KBQJIPATUYHOIO (PYHKIIIEI0 BUTPATHOTO HABAHTAXKCHHS BIALIGHTPOBOro Hacoca. Lle namo 3smMory orpumaru Gopmyiu
JUISL PO3PaxXyHKY XapaKTCPUCTUK HAMOPY, CIOXHBAHOI 3 Baly MPHBOJHOTO JBUTYHA IOTYXHOCTI Ta KOeQilli€eHTa
KOPHUCHOT JTii MAIMHY 3aJIC)KHO BiJl 3MiHH BUTPATH.

[TpoBeneHo HOCHKEHHS yCTAICHUX PEXHMMIB poOOTH MaricTpaibHuX HacociB cepii HM nuisixom no0ynosu
cimMeiicTBa poOOYHMX XapaKTEPUCTHK 3a PI3HUX 3HAYCHb YaCTOTH OOEpPTaHHSA PoOOYOro Kojeca Hacoca. BukoHaHO
PpO3paxyHOK poOOYMX XapaKTepHCTHK MarictpaipHoro Hacoca HM-7000210, sikuii mokazaB BHCOKY 30DKHICTBH
PO3paxyHKOBHUX Ta €KCIIEPUMEHTAJIbHUX XapaKTEPHCTHK.

3anponoHoBaHa MOJIEJb BiAIICHTPOBOTO HACOCY JIETKO aJIANITYEThCS IO CYIaCHUX KOMII FOTEPHO-OPIEHTOBAHUX
inrepaktuBHuX iHcTpyMeHTiB (SIMULINK, 20SIM, PSPICETomo), npu3HauyeHux Ui MOJIEIIOBAHHS DPEXHUMIB
poOOTH MEXaTPOHHUX TEXHIYHUX CHUCTEM, JIO SKUX BiJHOCATHCS HACOCHI CTaHIlii MariCTpalibHUX Ha(TOMPOBOIIB.
Takuii crmoci®é MOJeNOBaHHs BiIKPUBAE NUIAX JO TEOPETHYHOTO aHANi3y Ta ONTHMIi3amii eQeKTUBHOCTI poOOTH
BiJIIIEHTPOBOTO HACOCY MaricTpaabHUX HA()TOMPOBOIIB.

KitrouoBi cnoBa: 6idyenmposuil Hacoc, el1ekmpociopoOUHAMINHA AHANO2ISL, MEXAHIYHI 8MPAmMu, MOOEIIO8AHHS,
poboua xapaxmepucmuka.
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