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Efficiency Level of Centrifugal Pumps of Various
Designs for Public Water Supply and District Heating
Systems
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Abstract: The goal of the research is to compare the efficiency
level of centrifugal pumps of various designs to be used at the
second stage pumping stations of public water supply systems
and at the main pumping stations of district heating systems. For
this purpose, a variety of centrifugal pumps have been analysed
and the regression equations with the coefficients of
determination have been derived.

The main conclusion is as follows: horizontal end-suction
single-stage close-coupled pumps are less efficient in comparison
with vertical in-line multistage close-coupled pumps, when the
flow rate is up to 83 m¥h at the definite range of the head (from
30 to 55 m).

Keywords: District heating, efficiency, pump design, water
supply.

INTRODUCTION

Nowadays, the most important criterion for selection of
different pump alternatives is the level of efficiency.
Therefore, selection of the most efficient pump equipment
should always be considered first.

It is very important if the certain duty point is located at the
most optimal zone of the pump curve. Thus it is possible to
achieve a high level of energy efficiency [1]. At the same
time, the pump efficiency indicators also depend on its design.

The types of the glanded pump design, which are widely
used in low and medium-size public water supply and district
heating systems, are as follows: vertical in-line multistage
close-coupled, vertical in-line single-stage close-coupled and
horizontal end-suction single-stage close-coupled [2], [3] and
[4]. So it is crucial to determine the appropriate pump design
for the corresponding engineering system, thus contributing to
the total energy saving in the world.

EFFICIENCY LEVEL OF PUMP EQUIPMENT OF VARIOUS
DESIGNS FOR THE SECOND STAGE PUMPING STATIONS IN PUBLIC
WATER SUPPLY SYSTEMS

There is no doubt that the advantage of vertical multistage
pumps over horizontal single-stage pumps can be described
under certain conditions. This advantage is characterised as
the higher efficiency level.

It is very important to define the pump design type to be
used and the conditions for its usage. One selection criterion
for the respective pump design is its efficiency level in the
particular engineering system [9] and [10]. The efficiency

level of pumps depends on hydraulic requirements of each
system.
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Fig. 1. Comparison of the efficiency level of vertical multistage and horizontal
single-stage pumps at different values of flow rate and head (the range of head
values varies from 30 to 55 m)

Having performed the pump efficiency analysis, when
values of the flow and the head are being changed within a
certain range (Q=15+95 m*h @ H=30+55 m) [5], [6] and [7],
it has been found that vertical multistage pumps have the trend
to be considerably more efficient than horizontal single-stage
pumps, if the flow rate is up to 40 m*h (Fig. 1).

As a result of the research, the regression equations of the
polynomial trend type (y=a,+a, *x+a,*x*+s) and the

respective coefficients of determination have been derived.

y =—0,0026 % x? +0,3438 * X + 66,304 1)
R? = 0,7444

In this equation (1), y represents the efficiency level of
vertical multistage pumps in % and x denotes the flow rate in
m®/h.

y =—0,0035* x* +0,6764 * X + 44,815 )
R? =0,7498

In the equation (2), y represents the efficiency level of

horizontal single-stage pumps in % and x denotes the flow
rate in m*/h.

It is possible to use these regression equations as a tool for
estimating the efficiency level of vertical multistage and
horizontal single-stage centrifugal pumps in relation to the
definite flow rate.
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Fig. 2. Comparison of the efficiency level of vertical multistage and horizontal single-stage pumps at different values of flow rate and head (the range of head

values varies from 30 m to 55 m)

By combining the equations (1) and (2) and getting the
system of the equations (3), it is possible to detect the flow
rate when the efficiency level is equal for both types of the
pump design.

y =-0,0035* x* +0,6764 * X + 44,815 (3)
y =-0,0026 * x* +0,3438 * x + 66,304

The research gives the result of the 83 m*h flow when the
efficiency levels are equal for both pump types (Fig. 2).
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Fig. 3. Difference between the efficiency levels of vertical multistage and
horizontal single-stage pumps at different values of flow rate and head (the
range of head values varies from 30 m to 55 m)

Thereby, the lower the flow, the more advisable it is to use
vertical multistage pumps.

Having compared the difference between the efficiency
levels of vertical multistage and horizontal single-stage pumps
(Fig. 3), the regression equation of the linear trend type
(y=a,+a, *x+¢&) and the respective coefficient of

determination have been derived in the research.

y =-0,0023 * x + 0,1951 (@)
R? =0,9906

In this equation (4), y shows the difference between the

efficiency levels of vertical multistage and horizontal single-
stage pumps in % and x denotes the flow rate in m*/h.

It is possible to use the regression equation (4) as a tool for
analysis of the difference between the efficiency levels of both
pump types in relation to the definite flow rate. Thus, it has
been proved that vertical multistage pumps are more efficient
than horizontal single-stage pumps, when the flow rate is up to
83 m*h.

There are different limitations which have been taken into
account during the research. These limitations are as follows:

- Q=15+95m’h @ H=30+55m,

- Deviation from the pump efficiency optimum is up to

3%.
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Fig. 4. The duty points of vertical multistage and horizontal single-stage
centrifugal pumps analysed in the study

During the study, 110 centrifugal pumps of different design
have been analysed (Fig. 4).

EFFICIENCY LEVEL OF PUMP EQUIPMENT OF VARIOUS
DESIGNS FOR THE MAIN PUMPING STATIONS IN DISTRICT
HEATING SYSTEMS

Horizontal single-stage pumps have a very crucial
advantage in comparison with vertical single-stage centrifugal
pumps. This advantage is characterised by their high
efficiency [1].

Having performed the analysis of efficiency of horizontal
and vertical single-stage pumps, when values of the flow rate

and the head are being changed within a certain range
(Q=20+220 m*h @ H=10+72 m), it has been found that
horizontal single-stage pumps have the trend to be more
efficient than vertical single-stage pumps [5], [6] and [7] (Fig.
5).

The regression equations of the polynomial trend type
(y=a,+a, *x+a, *x* +¢) and the respective coefficients of

determination have been derived in the study.

y =-0,0007 * x* +0,2257 * X + 66,076 (5)
R? =0,8114

In this equation (5), y represents the efficiency level of

horizontal single-stage pumps in % and x denotes the flow
rate in m*/h.

y =—0,0005 * x* +0,1679 * X + 64,537 (6)
R? =0,8328

In the equation (6), y figures the efficiency level of vertical

single-stage pumps in % and x denotes the flow rate in m®/h.

It is possible to use the regression equations as a tool for the
estimation of the efficiency level of horizontal and vertical
single-stage centrifugal pumps in relation to the definite flow
rate.
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Fig. 5. Comparison of the efficiency level of vertical and horizontal single-stage pumps at different values of the flow rate and head (the range of head values

varies from 10 m to 72 m)
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Fig. 6. Difference between the efficiency levels of vertical and horizontal

single-stage pumps at different values of the flow rate and head (the range of

head values varies from 10 m to 72 m)

The difference between the efficiency levels of vertical and
horizontal single-stage pumps (Fig. 6) has been compared and
the regression equation of the power trend type
(y=a, *x" +¢) and the respective coefficient of determination

has been derived in the research.

y = 0,013 x>?7 )
R? =0,7432

In this equation (7), y shows the difference between the

efficiency levels of vertical and horizontal single-stage pumps
in % and x denotes the flow rate in m*/h.

It is possible to use the regression equation (7) as a tool for
analysing the difference between the efficiency levels of both
pump types in relation to the definite flow rate. Thus, it is
verified that horizontal single-stage pumps are more efficient
than vertical single-stage pumps within the definite range of
flow rate (Fig. 6).

There are different limitations which have been taken into
account during the research. The limitations are as follows:

- Q=20+220 m*h @ H=10+72 m,

- Deviation from the pump efficiency optimum is up to

3%.
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Fig. 7. The duty points of vertical and horizontal single-stage centrifugal
pumps analysed in the study

During the study, 110 centrifugal pumps of different design
have been analysed (Fig. 7).

CONCLUSIONS

This study shows that vertical in-line multistage close-
coupled centrifugal pumps can be recommended for usage at
the second stage stations of public water supply systems, when
the flow rate is up to 83 m*h and the head value varies from
30 to 55 m. When the flow rate exceeds 83 m%h, horizontal
end-suction single-stage close-coupled centrifugal pumps are
to be used. This is due to the constructive features of the pump
design which leads to the higher efficiency level.

It has been found in the research that the difference in
efficiency levels between centrifugal pumps of the vertical
multistage and horizontal single-stage design considerably
increases when the flow rate is up to 40 m*/h.

The research also shows that horizontal end-suction single-
stage close-coupled centrifugal pumps are recommended to be
used at the main pumping stations of district heating systems,
when the flow rate is within the range of 20 to 220 m°h, and
the head value varies from 10 to 72 m. Vertical in-line single-
stage close-coupled centrifugal pumps are less efficient at the
aforementioned hydraulic parameters.

RECOMMENDATIONS

It is very advisable to use the regression equation
(y=-0,0023*x+0,1951) derived in this research for estimation

of the potential energy savings in the existing second stage
pumping stations of public water supply systems, if horizontal
end-suction single-stage centrifugal pumps have to be
substituted by vertical in-line multistage close-coupled pumps.
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Egils Dzelzitis, Deniss Pils¢ikovs. Dazadas konstrukcijas centrbédzes siknu ekspluatacijas efektivitates limepa analize sabiedriskajas tidensapgades
sistémas un centralizétajos siltumapgades tiklos

Pétljuma meérkis ir dazadas konstrukcijas centrbédzes stiknu efektivitates limena analize noteiktaja plismas un cel$anas augstuma vértibu diapazona otra
pac€luma stiknu stacijas sabiedriskas tidensapgades sistémas un galvenajas tikla stiknu stacijas centraliz&tajas siltumapgades sisteémas.

Tika izpéetiti dazadas konstrukcijas centrbédzes siikni ekspluatacijai maza un vidéja meéroga sabiedriskajas tdensapgades sistémas un centralizétajos
siltumapgades tiklos. Ekspluatacijai otra pacéluma siiknu stacijas tika analizeti linijas vertikalie daudzpakapju un gala iestices horizontalie vienpakapes ciesi
savienotie sausa rotora centrb&dzes stikni. Savukart, ka galvenie tikla stikni centraliz&tajas siltumapgades sistémas tika analizéti vertikalie linijas un horizontalie
gala iesiices vienpakapes cie$i savienotie sausa rotora centrbédzes stikni.

Centrbédzes siknu analizes gaita tika ieghiti attiecigi regresijas vienadojumi, ar kuru palidzibu ir iesp&jams novértét potencidlo energijas ekonomiju
centralizétajas idensapgades un siltumapgades sistémas, aizvietojot esosos siiknus ar attiecigas konstrukcijas centrbédzes sukniem.

Pétljuma rezultata tika noteikts, ka vertikalas konstrukcijas daudzpakapju sikniem noteiktaja cel$anas augstuma vértibu diapazona (no 30 m lidz 55 m)
efektivitates [imenis ir lielaks salidzinajuma ar horizontalas konstrukcijas vienpakapes centrbédzes siikniem, ja pliismas vértibu diapazons ir no 15 m*h lidz 83
m*/h. Savukart, ja plismas veértiba ir virs 83 m¥h, tad efektivitates raditajs klast augstaks horizontalajiem vienpakapes ciesi savienotajiem gala iesiices sausa
rotora centrbédzes stkniem.

Salidzinot vertikalos linijas un horizontalos gala iesiices vienpakapes cie$i savienotos siiknus, tika konstatéts, ka noteiktaja plismas un augstuma celSanas vértibu
diapazona (Q=20+220 m*%h @ H=10+72 m) horizontalas konstrukcijas siknu efektivitates raditajs ir par 3-6% augstaks6 neka vertikalas konstrukcijas
centrbédzes stikpiem.

Ormiac [3easurtuc, Jdenuc IMuiapmukoB. AHaan3 ypoBHs 3¢ ¢eKTHBHOCTH LEHTPOOEKHbIX HACOCOB Pa3JHYHON KOHCTPYKUMH JJIs IKCIUIyaTaluH B
cHCTeMax IeHTPATH30BAHHOTO0 BOJ0- M TeNJI0CHAOKeHUs

Llenbio MccefOBaHMS SBISCTCSA aHAIU3 YPOBHS 3()(EKTHBHOCTH ILEHTPOOEKHBIX HACOCOB Pa3IMYHON KOHCTPYKIMM B ONPEACICHHOM IMana3OHe 3HAuCHHit
MIPOU3BOIUTEILHOCTH M HAopa IS WCIIONB30BaHMS HAa CTAHIMSIX BTOPOrO IOJbEMa B CHCTEMaxX LEHTPAIN30BAHHOIO BOJOCHAOXKEHWS, a TaKXKe B IVIaBHBIX
CEeTEeBBIX HACOCHBIX CTAHIIAX B CHCTEMaX LIEHTPATU30BAHHOTO TEIIIOCHAOKEHHSL.

HccnenoBanuck EHTPOOEKHBIE HACOCH PA3IMYHON KOHCTPYKIIMH C LETbI0 AalbHEeHIIei SKCIUTyaTallii B CUCTEMaX BOJIO- U TEINIOCHAOKEHUS MAJIOW U CpeTHen
BenmIHHBL. C IENbI0 9KCIUTyaTallii Ha CTAaHIHSX BTOPOTO IOAbEMa MPOM3BOIMIICS AHAIH3 BEPTHUKAIBHBIX JIMHEHHBIX MHOIOCTYIIEHYATHIX U TOPO3OHTAIBHBIX
OJIHOCTYIIEHUYAThIX OOKOBOTO BCOCA MOHOOJIOYHBEIX IIEHTPOOEKHBIX HACOCOB CyXOro poTopa. B cBoro ouepens, Kak IIIaBHBIE CETEBBIE HACOCHI B CHCTEMax
LEHTPAIN30BAHHOIO TEIIOCHAOKEHHMS!, aHATU3HPOBANIUCH BEPTUKATbHBIC JIUHEHHBIE M TOPH30OHTAIBHBIE OOKOBOIO BCOCA MOHOOIOYHBIE ONHOCTYIIEHYATHIC
IIEHTPOOEKHBIE HACOCHI CYXOr0 POTOPA.

B mporecce aHanm3a LHEHTPOOEKHBIX HACOCOB OBLIM BBIBEACHBI COOTBETCTBYIOIINE YPABHEHHS DPErPECCHH, C IOMONIBI0 KOTOPBIX BO3MOXKHO OIICHHUTBH
MOTEHIHAIBHYI0 YKOHOMHUIO SHEPIUH B CHCTEMaX IEHTPAIN30BaHHOTO BOJO- U TEIIOCHAOKEHMS, 3aMEHHUB CYIIECTBYIOIINE HACOCA HA IEHTPOOEKHBIE HACOCHI
COOTBETCTBYIOIIEH KOHCTPYKIIUH.

B pesynbrarte ncciieoBanus OBIIO ONMPEENEHO, YTO MHOTOCTYIIEHYAThIE HACOCHI BEPTUKAIBHOM KOHCTPYKI[MH B ONPE/IEICHHOM JMaNa3oHe 3HAaueHHil Haropa
(ot 30 M 1o 55 ™) sBusrorca Oonee PQPEKTHBHBIMU C TOYKHM 3pEHHS MOTPEONEHMS AIIEKTPOIHEPTHUH, YE€M OJHOCTYIEHYAThIE IIEHTPOOCKHBIC HACOCHI
TOPU3OHTANBHOM KOHCTPYKIIMH, €CJH THATA30H 3HAUEHHH TI0Toka OT 15 M¥uac 1o 83 m*/4ac. B cBoIo odepets, eciTi 3HaYeHHe MTOTOKA BhIle 83 M*/Jac, To Gonee
3 HEKTUBHBIMH SIBIISIOTCS TOPU3OHTATIBHBIE OOKOBOIO BCOCA MOHOOJIOUHBIE OTHOCTYIIEHYATHIEe IEHTPOOSIKHBIEC HACOCHI CYXOT0 pOTOpa.

IpousBonst cpaBHEHHE BEPTHKAIBHBIX JTUHEHHBIX U TOPO30HTATHHBIX OOKOBOTO BCOCA OAHOCTYIEHYATHIX MOHOOIOYHBIX HACOCOB, OBLIO OHPENENeHO, YTO B
OMpEJIeNIeHHOM [Hana30He 3HaueHuii motoka u Haropa (Q=20+220 m*/uac @ H=10+72 M) HEHTPOOEKHBIC HACOCH TOPH3OHTAIBHON KOHCTPYKIMH Ha 3-6%
SBISIIOTCS O0s1ee 3()(EKTHBHBIMY, YeM [IEHTPOOEIKHBIE HACOCH! BEPTHKAIBHON KOHCTPYKIIHH.
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