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Abstract: The goal of this study is the evaluation of effectiveness

of various control modes of variable speed centrifugal pumps for
use in different parts of a district heating system. For this reason,
the regression equations with the coefficients of determination
have been derived.
As a result, the trend of energy consumption reduction has been
determined when the proportional pressure control mode is used,
in comparison with the constant differential pressure control
mode.

The change of the efficiency level of centrifugal pumps of
various designs has been also investigated in the article. It has
been done at different values of the nominal flow and head when
the constant flow control mode is used.
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INTRODUCTION

Today, with the rapid increase of energy production costs in
the world, the increasing attention is paid to improvement of
the energy efficiency level. About 20% of the total electrical
energy produced in the world is consumed by pumps and
pumping systems and almost half of this energy can be saved
up [1].

There are a lot of technical aspects which should be taken
into consideration in order to optimize certain parts of district
heating system, with a focus on control modes of pumping
systems. Each separate pumping system of district heating
system is described with its own specific features and thus is
characterized with an individual approach.

When selecting the pumping technology it is also crucial if
the duty point is located at the most optimal zone of the
pump’s curve, thus achieving the highest possible level of
energy efficiency.

With the certain research focused on the evaluation of
operation of pumping systems, it is possible to substantially
increase the total level of efficiency in district heating
systems, thus, contributing to energy saving in the world.

ESTIMATION OF EFFECTIVENESS OF VARIOUS CONTROL
MODES OF CENTRIFUGAL PUMPS FOR USAGE IN DIFFERENT
PARTS OF DISTRICT HEATING SYSTEM

It is very important to select the appropriate pump control
mode [2] and [5] for the respective part of a district heating
system. The selection should always be done with a focus on
the highest possible level of energy efficiency.
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Among a variety of pump control modes the proportional
pressure and constant flow control modes [5] have been
analysed in the research.

The usage of the proportional pressure control mode has
been compared to that of the constant differential pressure
control mode [5].

The change of the efficiency level has also been
investigated in the study when the constant flow control mode
[5] is applied for a certain engineering system.

Evaluation of savings’ potential if proportional pressure
control mode is applied for main circulators, in comparison
with constant differential pressure control mode

Proportional  pressure control mode is generally
recommended to be used in systems where the total pressure
drop is mostly dedicated to the piping system [6]. Thus, the
proportional pressure control is advisable to be used in district
heating systems with a relatively long piping network.

Besides that, the proportional pressure control mode should
be used, if two-way control valves are installed in the system
[2]. The pump will reduce the speed, if the valve is closing.
The adjusted head value is being adapted in accordance with
the flow variations during the heating process, if the
proportional pressure control mode is used [5].

Main circulators (Fig. 1) are normally controlled via
constant differential pressure or the proportional pressure
control mode (Fig. 2) in district heating systems [5-6]. The
proportional pressure control mode is the most efficient
control mode for main circulators [5]. Thus, it is crucial to
estimate the potential reduction of energy consumption when
the proportional pressure control is used, in comparison with
the constant differential pressure control.
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Fig. 1. Main circulators in a district heating system [3]
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Fig. 2. Control modes of main circulators in district heating systems (1 —
constant differential pressure control mode; 2 and 3 — calculated proportional
pressure control mode with linear influence) [3]

To analyse the electrical energy consumption, if the
proportional pressure control mode with different deviations
from the head value of the duty point at zero flow rate is used
(Fig. 2), the load profile of the pumping system for a certain
part of the district heating system should be taken into
account.

Fig. 3. Load profile of main circulators in the district heating system (Blue
Angel Profile) [3]

It has been assumed that the annual operation of the
pumping system is 6840 hours and the load profile [9-11] is
divided into four parts with different flow values: 100%, 75%,
50% and 25% of the flow rate in the duty point. In its turn,
each flow component corresponds to certain duration of the
operational time as a part of the total duration of operation per
year (according to the Blue Angel profile) [10].

Each flow component corresponds to certain duration of
operational time in the following way (Fig. 3):

100% -> 6%,

75% -> 15%,

50% -> 35%,

25% -> 44%,
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Fig. 4. Reduction of energy consumption, when the calculated proportional pressure control mode with different deviations from the head value of the duty point
at zero flow rate is applied (in comparison with the constant differential pressure control mode)
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The levels of energy consumption have been compared, if
different variants of proportional pressure and constant
differential pressure control modes are used (Fig. 2).

During the analysis of the calculated proportional pressure
control mode with different deviations from the head value of
the duty point at zero flow rate (20%, 40%, 60%, 80% and
100%), calculation of the annual energy consumption for
centrifugal pumps of various designs [2-4] has been carried
out in the study (Fig. 4).

As a result of the research, the regression equation of the
linear trend type (y=a,+a *x+s) and the respective

coefficient of determination have been derived.

y =0,5212 % x +0,0132 (1)
R? =0,9845

In this equation (1), y represents the reduction of energy

consumption in 9%, if the calculated proportional pressure
control with different deviations from the head value of the
duty point at zero flow rate is applied, (in comparison with
constant differential pressure control) and x denotes the
deviation from the head value of the specific duty point at zero
flow rate in %.

The regression equation (1) can be used as a tool for
evaluation of the potential reduction of energy consumption at
different deviations from the head value of the duty point at
zero flow rate. The potential reduction of energy consumption
is estimated in comparison with the usage of the constant
differential pressure control mode, if the value of the duty
point remains invariable.

The possibility to define precisely the potential reduction of
energy consumption of main circulators is considerably
decreased, if the deviation from head value at zero flow rate is
increased (Fig. 4).

There are various limitations taken into consideration
during calculation of the energy costs [9]. The limitations are
as follows:

- Calculated proportional pressure control mode with

linear influence has been chosen.

- Each duty point is met with its appropriate pump.

- The deviation from the pump efficiency optimum is up

to 3% for each duty point.

- The deviation from the head value of the duty point at

zero flow rate varies from 0 up to 100%.

During the study, eight centrifugal pumps of various

designs have been analysed [3-4].

Evaluation of effectiveness of constant flow control mode
applied for flow filter pumps

Flow filter pumps (Fig. 5) are normally used for
improvement of the quality of district heating water in district
heating systems. These pumps are usually controlled via the
constant flow control mode [5-7].

The operational principle of the constant flow control is as
follows: the flow rate is kept constant independently of the
head value change (Fig. 6).

Fig. 5. Flow filter pump in a district heating system [3]

This control mode can be realised by keeping the
differential pressure constant over the hydraulic resistance
with the known value of the head loss [5] and [8].

It is advisable to determine the level of pump efficiency, if
the constant flow control mode is applied for flow filter
centrifugal pumps in a district heating system. The following
equation (2) can be used for determining the pump efficiency
level [1-2].

_p*9*Q*H )

n P,

In this equation (2), , represents the pump efficiency level
in %, p represents the liquid density in kg/m®, g represents
the acceleration of gravity (9,81 m/s?), Q represents the flow
rate in m*/s, H represents the head in m and p, denotes the
shaft power in kw .
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Fig. 6. Constant flow control mode of flow filter pumps in district heating
systems [3]
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Fig. 7. Change of centrifugal pump efficiency level at different values of the head change from its nominal value

When the change of the pump efficiency level has been
investigated at different values of the head change from its
nominal value (Fig. 7), the regression equation with the
coefficient of determination has been derived in the study. The

regression equation of the polynomial trend type
(y=a,+a, *x+a, *x* +a, *x* + &) has been chosen.
y =14231% x* —0,6108 * x* +0,1431* x — 0,0021 3)

R? =0,7954

In this equation (3), y represents the change of the pump

efficiency level in % and x denotes the change of the
centrifugal pump head from its nominal value in %.

It is possible to apply the regression equation (3) as a tool
for evaluation of the decrease rate of the centrifugal pump
efficiency level at different deviations from the head value of
the best efficiency point (BEP) [1].

The possibility to precisely define the change of the pump
efficiency level is being considerably decreased with the
increase of the head deviation from the nominal head value of
centrifugal pumps, if the flow rate is kept constant (Fig. 7).

Having analysed the efficiency level of centrifugal pumps,
if the constant flow control mode is used, the certain load
profile should be taken into account in order to evaluate the
average annual decrease of the efficiency level.

It has been assumed that the annual operation of the
pumping system is 6840 hours [10] and the load profile is

divided into four parts with different head values: 100%, 78%,
59% and 38% from the head value of the best efficiency point.
In its turn, each head component corresponds to certain
duration of the operational time as a part of the total duration
of the operation per year.

Each head component corresponds to certain duration of the
operational time in the following way (Fig. 8):

100% -> 25%,

78% -> 25%,

59% -> 25%,

38% -> 25%.

As duration of the operational time is the same for each of
the four head components, the average annual decrease of the
efficiency level is 6 %.
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Fig. 8. Load profile for flow filter pumps in district heating systems [3]
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There are certain limitations which have been taken into
consideration during the investigation. These limitations are as
follows:

- The constant flow control mode has been analysed at
different deviations from the head value of the best
efficiency point (BEP).

- The maximum deviation from the head value of the
best efficiency point is up to 62%.

- The analyses have been realized with different
centrifugal pumps.

During the study 12 centrifugal pumps of various designs

have been considered [3-4].

CONCLUSIONS

In this research, it has been found that up to 51% reduction
of the annual energy consumption can be achieved for main
circulators in district heating systems. This reduction of
energy consumption is achieved, if the proportional pressure
control mode is applied, in comparison with the constant
differential pressure control mode. The deviations from the
head value of the duty point at zero flow rate declines up to
95% (the pressure drop over the control valves is assumed as
5% of the total pressure drop in the system).

The higher level of deviation from the head value of the
duty point at zero flow rate is, the higher level of energy
saving is.

It’s also shown that the pump efficiency level drops up to
19% for flow filter pumps in district heating systems. This
drop of the efficiency level is achieved, if the head deviation
from the nominal head value of the best efficiency point is up
to 62% (according to the maximum deviation from the
nominal head value used in the load profile for the
calculation).

A slight decrease of the pump efficiency level is observed,
if the deviation from the nominal head value is up to 30%. If
the head deviation is above 30% from its nominal value, the
efficiency level of centrifugal pumps rapidly drops.

RECOMMENDATIONS

It is important to estimate the potential savings for main
circulators in district heating systems, if the traditional
constant differential pressure control mode is used.

To this effect, the following regression equation
(y=0,5212*x+0,0132), derived in this research, can be used
for estimation of the potential reduction of annual energy
consumption, if the proportional pressure control mode is
applied, in comparison with the constant differential pressure
control mode.

It’s also advisable to estimate the effectiveness of the
constant flow control mode applied for flow filter pumps in
district heating systems.

This can be done by using the regression equation
(y=1,4231% x> —0,6108 * x* + 0,431 x — 0,0021)-
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Deniss Pils¢ikovs, Egils Dzelzitis. Mainiga atruma centrbédzes sukpu vadibas metoZu energoefektivitates novértéjums izmantoSanai dazadas
centralizétas siltumapgades sistémas dalas
Pétijuma merkis ir energoefektivitates uzlaboSanas potenciala novert&jums, ja proporcionala spiediena vadibas metode tiek pielietota galveno tikla stiknu vadibai,
ka ari ekspluatacijas efektivitates noveértgjums, ja konstantas pliismas vadibas metode tiek pielietota plismas filtra siknu vadibai centralizétajos siltumapgades
tiklos.
Energoefektivitates uzlaboSanas potenciala novert§jums galvenajiem tikla stkpiem tiek realiz€ts salidzinot proporcionala spiediena vadibas metodi ar
tradicionalo konstanta diferenciala spiediena vadibas metodi, ja darba punkts un slodzes profils paliek nemainigs. Proporcionala spiediena vadibas metode tiek
realizéta pie dazadam novirzém no noteikta darba punkta cel$anas augstuma vertibas pie nulles patérina. Taja pasa laika plismas filtra siknu energoefektivitates
[imena novert&jums tiek realizets nemot véra dazadas cel§anas augstuma novirzes no nominala cel$anas augstuma vertibas.
Centrb&dzes suiknu analizes gaita tika iegiits attiecigs regresijas vienadojums, ar kuru palidzibu ir iesp&jams novertét energijas patérina samazinajuma potencialu
galvenajiem fikla sikniem, ja pasreizgja situacija tiek pielietota tradicionala konstanta diferenciala spiediena vadibas metode. Bez tam tika iegiits regresijas
vienadojums, kas apraksta centrbédzes stiknu efektivitates Iimena samazinajumu atkariba no dazadam novirzém no siikna nominala celSanas augstuma vertibas.
Pétijuma gaita tika veikti vairaki patérétas elektroenergijas aprékini pie attieciga slodzes profila dazadas konstrukcijas centrbédzes stikniem. Visiem aprékiniem
tika izmantots ,,Zila Engela” slodzes profils (Blue Angel Profile). Tika konstatéts, ka palielinot celSanas augstuma novirzes vértibu no noteikta darba punkta
vértibas pie nulles patérina realiz€jot proporcionala spiediena suknu vadibu, ir noteikta tendence energoefektivitates uzlabosanas potenciala palielina$anai
galvenajiem fikla stkniem. P&tot centrbédzes suiknu efektivitati, ja tiek pielietota konstantas plusmas siknu vadibas metode, tika noteikta efektivitates limena
izmainas tendence.

Hennc IMnapmukos, Iruic I3en3utuc. OueHka 3Hepro3pGeKTHBHOCTH METOI0B YNPAaBJIEHUsI HEHTPOOEKHBIMH HACOCAMH MEePEeMEHHOI CKOPOCTH It
IKCILUIYATALMH B PA3JIHYHBIX YACTAX CHCTEMBbI EeHTPATH30BAHHOIO TEMJIOCHAOKEeHH T

Ienpro myOaMKanuu SIBISCTCS OLCHKA IOTCHLMANA YJIy4IIeHHs 3HeprodpdeKTHBHOCTH TNPH HCIOIb30BAHMHM METOJA YIPABJICHHS HPOMOPLUHOHATIBEHBIM
[ABJICHHEM [UIsl YIIPABJICHHUs TIIABHBIMH CETEBBIMU HACOCAMH, a TakKe OLEHKAa d(P(EeKTUBHOCTH DKCIUTyaTAllMd HPH HCIONB30BAHHHM METOZA YIPABICHUS
KOHCTaHTHBIM IIOTOKOM /ISl yIIPaBJIEHHUsI HACOCaMH (PMIIbTPALIMK IIOTOKA B CETAX LEHTPAIIM30BAHHOTO TEIJIOCHA0KEHHUS.

OrneHKa TOTEHIUANA YIYYIICHUS 3HEprod(GEKTUBHOCTH JUIS TJIABHBIX CETEBBIX HACOCOB OCYIICCTBISCTCS IyTEM CPaBHEHUs METOJA YIPaBJICHUS
MPONOPLIMOHATBHEIM JABICHHEM C TPAIUIMOHHBIM METOIOM YIPAaBICHHS KOHCTAHTHBIM Au(depeHInanbHbIM AaBICHHEM, €CIH 3HaYeHHe pabouell TOUKH H
npoduib HArpy3KH SABJISIOTCS HEM3MEHHBIMU. METO/l yNpaBJICHUS MPONOPIMOHAIBHBIM JIABJICHUEM OCYLIECTBIISIETCSI IPU PA3HBIX OTKJIOHEHUSX OT BEJIMYHMHBI
Haropa ONpeJeleHHOH paboyell TOYKM MpU HYJICBOM pacxoje. B To ke Bpems OleHKa YPOBHs 3HEprod((GeKTHBHOCTH HACOCOB (DMIIBTPALMK IOTOKA
OCYILIECTBIISIETCS IPU Y4YETE Pa3HbIX OTKIOHEHUH HAIopa OT BeJIMYMHBI HOMHHAIBHOTO HAIopa.

B npouecce aHanu3a HEHTPOOESKHBIX HACOCOB OBLIO MOJIYYEHO COOTBETCTBYIOIIEE PErPECCHBHOE YPABHEHHUE, C TIOMOLIbIO KOTOPOT'O MOYKHO OLIEHUTh IIOTEHLIUAI
MTOHVDKEHUS MTOTPEOJICHHS AJICKTPOIHEPTHH TJIABHBIMH CETEBBIMUA HACOCAMH, €CJIM B HACTOSIIIMHA MOMEHT HCIOJIB3YeTCs TPaIULHOHHBIA METOJ YIpaBJICHUS
KOHCTaHTHBIM Au(depeHunaIbHpM IaBieHneM. Kpome Toro, OBUIO MOTYy4YEHO PErPECCHBHOE ypaBHEHHE, KOTOPOE OMHCHIBACT MOHMKEHHE YPOBHS
3 HEKTUBHOCTH HEHTPOOESKHBIX HACOCOB, B 3aBHCHMOCTH OT PA3HbIX OTKJIOHEHHUH OT BEJIMYHHBI HOMHHAJIFHOTO HAMOPA HACOCA.

B mporecce wuccienoBaHUS OBbLIO BBIMOJIHEHO MHOXECTBO pAacueToB IMOTPEOJICHHS 3JIEKTPOSHEPrHMH MPH COOTBETCTBYIOLIEM Mpoduiie Harpy3kKd Ui
LEHTPOOESKHBIX HACOCOB PA3IMYHOH KOHCTPYKIMM. BBUIO KOHCTaTHPOBAHO, YTO TPH YBEJIWYEHUH BEIMYMHBI OTKJIOHEHWS HAopa IO OTHOIICHUIO K
oIpesielieHHON paboyeil TOUKe MPU HYJIEBOM PACXO0je, peain3ys METOJ YIPaBICHUs MPONOPLUHOHANBHBIM JIaBICHUEM, HAOII0aeTCsl ONPEACIeHHAs TCHACHIUS
YBEJNIUUYCHUS MOTEHIMANA YITyqIIeHUs] SHeproda(pHEKTHBHOCTH JUTS ITIaBHBIX CETEBBIX HacocoB. Mccnenys 3p(heKTHBHOCT IIEHTPOOEKHBIX HACOCOB (DHIIBTPALINI
MOTOKA, [IPH KUCIOIb30BAHUH METOIA YIIPABJICHUS] KOHCTAHTHBIM TIOTOKOM, ObLIa Ope/esieHa TeHACHIHS H3MEHEH s YPOBHS 9D ()eKTHBHOCTH.



