FTEOTEXHIYHA | TIPHWYA MEXAHIKA, MAIWWHOBYYBAHHA

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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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.
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Introduction. The double-entry centrifugal pumps
are the main equipment in pump systems for civil and
industrial water supply. They consume most of electri-
cal energy in these systems. Therefore, efficiency of
these machines is very important. The article [1] fo-
cuses on ways to provide coordinated work of pumps in
these systems. One of the methods is using replaceable
impeller, which is designed considering special features
of the pump performance, such as a slope of pump
characteristic curve. Changing the geometry of the im-
peller affects the pump performance. One of the most
economical methods of modifying the performance of
the pump is to vary the impeller outlet width. This par-
ticularly regards the welded impellers with a molded
hub part with blades and a molded shroud part.

Analysis of the recent research. In 2012
M. H. Shojaeefard, et al, showed that increase in the
impeller passage width increases the head and hydrau-
lic efficiency of the centrifugal pump due to reduction
of the friction losses [2].

Houlin Liu, et al, tested four pumps with different
impeller outlet width. It was concluded [3] that in-
crease in impeller outlet width results in increase in
head and efficiency coefficients.

Junichi Kurokawa, et al, described their investiga-
tion of centrifugal pump at a very low specific speed.
They have shown that increase in the impeller outlet
width results in a considerable increase in the efficien-
cy of the pump [4].

According to [5], the flow non-uniformity as it
leaves the impeller strongly depends on the impeller
outlet width. For example, the reversed flow in the im-
peller grows with increasing outlet width. Moreover,
an excessive increase in the impeller outlet width leads
to high mixing losses.

Weltz E., Rudnev S.S, Khabetska V.A., Yedidi-
ah S., Zhou L. [6] have also studied the influence of
the impeller outlet width on pump performance.

Unsolved aspects of the problem. The related re-
ports on the centrifugal pump with a changing impeller
outlet width are inconsiderable in number, but all of
the mentioned research works show that the impeller
outlet width is one of the main geometry parameters,
which has a significant effect on rotating machinery
performance. Unfortunately, there is no detailed infor-
mation on effect of the impeller outlet width on a slope
of characteristic curve. Gulich J. F. in [5] mentions that
changing the impeller outlet width influences the slope
of characteristic curve. However, more specific data on
these parameters dependence are not represented.

Objectives. In this study, in order to determine the
dependence of the impeller outlet width on the slope of
characteristic curve on the different operation modes,
the numerical simulation was used. The present paper
focuses on study of the pump performance with six dif-
ferent values of the impeller outlet width. Numerical
simulations were carried out using Ansys CFX to ana-
lyze the pump performance and flow field distribution.

Presentation of the main research. Simulations
were performed for the impeller of a real double-entry
centrifugal pump with a specific speed n,=93. The dou-
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ble-entry impeller has an outlet diameter of 1020 mm,
with seven blades per side. The impeller blade has aver-
age inlet and outlet angles of 26 and 30 degrees respec-
tively and the outlet width b, of 82.2 mm. The main pa-
rameters of the pump at the design point are as follows:
the volume flow rate is Q,,,,= 6300 m?3/h, the head is H =
= 80 m, the rotational speed is # = 730 r/min.

To investigate the impeller outlet width effect on
pump performance, the following values of the impel-
ler outlet width were selected: 40.8 mm, 51 mm,
61 mm, 71 mm, 82.2 mm, 92 mm, while the other pa-
rameters were kept constant. The impeller cross-sec-
tions are shown in Fig. 1.

To carry out a numerical study, three-dimensional
models of impellers with six different outlet widths
were created using the SolidWorks software product.
The following assumptions were accepted:

- the internal flow is symmetrical,

- the internal flow is axisymmetric on entering the
computational domain,;

- leakage through the impeller seals is neglected.

Due to the above assumptions, the computational
domain was a single channel of an impeller half without
gap seals. Inlet and outlet boundaries of the domain were
spaced from the control sections at the distance enough
to make the flow steady. A three-dimensional model of
the computational fluid domain is shown in Fig. 2.

To verify the effect of computational grid on the re-
sults and to prevent a mesh dependent error, the grid in-
dependence analysis was performed. Five unstructured
mesh sizes in the range of 140 000 to 5 million nodes were
generated for the computational domain. ICEM CFD
mesh generator was used to construct computational
grids. The results of the mesh generation are shown in
Table 1. An example of the grid is shown in Fig. 3.

For all geometric configurations simulations were
performed within the range of volume flow rates of
0.5 Q,, to 1.2 Q,,, where Q,,, is a volume flow rate at
the design point. According to [8] exactly in this range
vibroacoustic parameters of pump work are stable. Cy-
lindrical velocity components and the static pressure
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Fig. 1. Impeller meridional contour scheme with
different outlet width
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A

Fig. 2. Three-dimensional computational fluid
domain model

Fig. 3. Sketch of unstructured grid

Table 1

Grrid statistics of mesh number in cases with different
impeller outlet width

Impeller outlet width (b,, mm) | Mesh element number
40.8 1.6 million
51 2.3 million
61 3.6 million
71 1.2 million
82.2 830 000
92 720 000

were specified at the impeller inlet and outlet corre-
spondingly. A standard k—¢ turbulence model and a
scalable wall function were selected. Wall surface
roughness was set to 6.3 micron.

The internal flow inside the centrifugal pump is a
three-dimensional, viscous, turbulent flow. Water at
25 °C was specified as a working fluid and convergence
criterion was 10~*. A steady state model was used for all
calculations. Multiple reference frames were selected.
Inlet and outlet segments were set in a stationary
frame. However, the impeller was set in a rotary frame.
Besides, periodic conditions were specified for the
computational domain.
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Numerical simulations were carried out using An-
sys CFX. The following mathematical model is imple-
mented in this software product, which utilizes an ele-
ment-based finite volume method on structured and
unstructured grid.

The most general case of viscous medium flow is
described by set of Navier-Stokes equations and the

continuity equation [7]
ﬂﬂi; (1)

0 J 9 J Ju, Ju
(pu")+_(p”i”j)=——p+_{u[i+ ,

i

or ox; ox, ox;| (dx; ox
dp 9
§+a—xj(puj) =0, )

where i, j = 1—3 is summation over the same indices;
X1, X,, X3 are coordinate axes; 7 is time.

Component f; expresses mass (Coriolis and cen-
trifugal) forces. In this set of equations three compo-
nents of velocity u,, u,, u; and pressure p are the un-
known quantities. Density of the liquid at the speeds
corresponding up to 0.3 Mach number, is assumed to
be constant.

The flow in parts of the pump is considered in the
relative coordinate frame, that is why

£, =-p(20xii + B x(dxF)), 3)

where @ is the angular velocity, 7 is a radius vector
(whose magnitude is equal to the distance from this
point to the axis of rotation).

Since the flow of the fluid in the centrifugal pump
is usually turbulent, its modelling by analytical solu-
tion of the Navier-Stokes equations written for the in-
stantaneous velocity is difficult. Therefore, for the
analysis of turbulent flows, the Reynolds averaged
equation is usually used instead of equation (1)

d d d '
g(pui)-kgj(puiuj)-kgj(puiuj) =

4
op 0 du, du, @
=———+—|u| ——+=—L ||+ 1,
ox, ox;| (odx; ox

1

where u,, u,, u, are time averaged velocities; u], u5, u}
are pulsational velocity components.

To close these equations the standard k& — ¢ turbu-
lence model was used. Using this model, the system of
equations of fluid motion is supplied by two differen-
tial equations describing the transport of turbulent ki-
netic energy k and dissipation rate €.

ad d ad ok
—(pk)+=——(pit k)=——| T, — |+ P, —ps;
P )+axj (p7k) axj[ kaxj]+ e —pEs (5)

0 o) 0 de | €
- —(pug)=—|T,— |+—(C,, P, - 6
at(p.c:)+ x (puje) axj[ Saxj}rk(c“ 2 —pCe), (6)

——ou, . .
where P, = —P”i’”;a_' is the component, expressing
X .
J
; . _ i, I
the generation of energy k; I', =u+—+, I', =pu+—-.
Gk Gs
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The parameters € and , are defined as follows

2

2
u| ou’ k
e=——|, =pC pu+—.

Constants of k—g-model according to [5] are Cu =
=0.09, C,=144,C,=192,06,=1.0,5,=1.33.

The article [9] presents the results of centrifugal
impeller physical experiment and numerical study.
The data show good conformity between integral char-
acteristics, velocity distribution and pressure across
the channel width at the impeller outlet. In our case,
having the same problem formulation a good confor-
mity should be expected too.

The performances of six impellers with different
impeller outlet widths were calculated and presented
in Fig. 4.

Fig. 4, a shows the head as a function of the volume
flow rate, illustrating that the head increases with the
increasing impeller outlet width. Significant increase in
the head was detected when the impeller outlet width
changes from 40.8 to 51 mm and from 51 to 61 mm. The
difference between head values at the Q,,,, is nearly 20 %
and 11 % respectively. It proves that the impeller hy-
draulic loss per unit impeller width differs substantially.

The calculated efficiency (Eff) of the impeller,
presented as a function of the volume flow rate is
shown in Fig. 4, b. As we can see, the best efficiency
point (BEP) offsets to a larger flow rate with the im-
peller outlet width increasing. The impeller with
40.8 mm impeller outlet width has the lowest efficien-
cy in operating modes from 0.9 Q,,,to 1.2 Q,,, because
of high flow relative velocity (Fig. 5).

The data from Fig. 4, b also show that at volume
flow rates of 0.5-0.8 Q,,, impellers with outlet width
higher than 71 mm have poor efficiency (lower than
efficiency of impeller with 40.8 mm outlet width).
Fig. 6 shows the current flow lines in a relative frame in
a single passage of the impeller with an outlet width of
92 mm at the volume flow rate of 0.5 Q,,,. It can be
seen from the diagram that on the back side of the
blade an area of reversed flow is formed.

The effect of the impeller outlet width on the perfor-
mance slope was investigated. The slope of impeller
characteristics was evaluated using the following formula

K — H max H opt
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Fig. 4. Performances of six impellers with different
impeller outlet width:

a—H=f(0);b— Ef=7(Q); c— P=7(0)

where H,,, is a head value at 0.5 Q,,, for impellers
with the outlet width of 40.8—92 mm; H,,, is a head
value at Q,,, = 6300 m?/h for impellers with the outlet
width of 40.8—92 mm.

whhbbb

Fig. 5. Relative velocity distribution in the impeller channel with different outlet width from 40.8 mm to

92 mm respectively at Q,,,, operating mode
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This dependence is shown in Fig. 7. It can be seen from
the diagram that with decrease in the impeller outlet width
the slope of the characteristic curve increases. The lower
impeller outlet width is, the steeper the characteristic curve
becomes. According to the results obtained, it can be con-
cluded that in the range of the impeller outlet width of 51
to 92 mm the slope of the impeller characteristics could be
modified without significant decrease in efficiency. We
can vary the slope of the characteristic curve in a range
from 0.19 to 0.47 as it can be seen from Fig.7.

Conclusions and recommendations for further
research. Compared to Houlin Liu’s [4] and Junichi
Kurokawa’s [5] studies, we have the same results: the
impeller head increases along with impeller outlet width
increase. However, according to our investigation, the
efficiency does not constantly increase with impeller
outlet width increase unlike Houlin Liu’s results [4].

According to the investigation results, the impeller
with an outlet width of 61 mm is more suitable for the
pump if it is necessary to achieve the best efficiency. As
it can be seen from Fig. 4, b, the efficiency of the impel-
ler with a 61 mm impeller outlet width is higher than the
efficiency of wider or narrower impellers at the rated
flow. At the same time, it can be seen from Fig. 4, ¢ that
the effective power of the impeller with a 61 mm impel-
ler outlet width is lower than that of the wider one.

According to the obtained results, we can vary the
slope of the characteristic curve in a range from 0.19 to
0.47 without significant decrease in efficiency.

Fig. 6. The current flow lines in the impeller chan-
nel with the outlet width of 92 mm in 0.5 Q,,
operation mode
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Fig. 7. The slope of characteristic curve K, and ef-
Jficiency versus relative width b,/ D,
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Subsequently, we will continue studying other im-
pellers with different geometric and working parame-
ters to find the dependence of an impeller outlet width
on a slope of the characteristic curve.
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Meta. BuzHauuTu 3aJ€XHICTh MiX IIMPUHOIO
poboUoTro KoJjieca Ha BUXO/iI Ta KPyTU3HOIO HAIlipHOL
XapaKTepUCTUKU BiIIIEHTPOBOTO Hacoca.

Metonuka. JlocimkeHHsT TIPOBOAWIOCS 1IUISIXOM
YMCJIOBOI'O MOMETIOBAHHS 3 BAKOPUCTAHHSIM ITPOTrpaM-
Horo nponykty Ansys CFX. JIist 11boro 3a J0IoMororo
nporpamMHoro nponykty SolidWorks Oyna nmodymoBaHa
TPUBUMipHa KOMIT>I0OTepHA MOIEIb 001aCTi PiTUHU O~
HOTO KaHaJly poO04Yoro Koyieca Hacoca JBOCTOPOHHBO-
ro Bxony. J1J1s1 noc1imKeHHS BIUTMBY ILIUPUHU POOOYOTO
KoJieca Ha BUXOi Ha KPYTU3HY HaIlipHOI XapaKTepucC-
TUKW 3MIHIOBAJIOCS 3HAYCHHSI IIMPUHU Kojieca Ha BU-
XO[Ii, a iHIIIi TeOMETPUYHI ITapaMeTpu KoJieca JINIIaIn-
cs1 6e3 3MiHU. Po3paxyHKOBI CiTKu OymyBaymucs 3a J10-
noMoroio citkoBoro reHepatopa ICEM CFD.

Pe3yabraTn. BukoHaHo aHaiz myoOsikaiiid, 1o
CTOCYIOThCSI TOCJIiIXKEHHSI BIUIMBY LLIMPUHU POOOUYO-
ro KoJieca Ha BUXOJIi Ha XapaKTEPUCTUKY pOOOTH Bill-
LIEHTPOBOTro Hacoca. BuzHaueHa mpryrHa 3HUKEHHS
KKJI n1s1 yepe3 Mipy By3bKHUX Ta IIUPOKUX POOOUUX
Konic. BctaHoBiieHa rpacdidyHa 3a1eXHICTh MiX IIK-
PUHOIO pOOOYOTO KOJieca Ha BUXOMI BiILIEHTPOBOIO
Hacoca ABOCTOPOHHBOTO BXOAY 3i HIBUIKOXiAHICTIO
ng,=93 Ta KpyTU3HOIO HAIIIPHOI XapaKTEPUCTUKHMU.

Haykosa HoBu3Ha. BuzHaueHo niana3oH, B SIKO-
MY MOXHa 3MiHIOBAaTU IIMPUHY pOoOOYOro Kojieca Ha
BUXOJIi BiIIICHTPOBOTO HACOCa IBOCTOPOHHBOIO BXO-
oy (IIBUOKOXIMHICTH 1, = 93), 3 METOIO TOCSTHEHHS
MEeBHOI KPYTU3HM HAaIipHOI XapaKTepUCTUKU 0Oe3
3HayHoro 3HmxeHHsa KKJI.
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IIpakTyHa 3HAYMMICTb. 3aCTOCYBaHHS pe3yJib-
TaTiB HOCHII>)KEHHSI MOXe OYyTU MpPU MOIEpHi3allil po-
0OUYMX KOJTiC IJISI BAKOPUCTAHHSI 1X Y Hacocax, 1110 mpa-
LIOIOTh y TpyIax 3 Pi3HUMHU BUXITHUMM HaIlipHUMU
XapaKTepUCTUKAMU Ta 1X KPYyTU3HOW. Taka MomepHi-
3allisi MOXJIMBA B MeXXaX BUKOPMCTAHHSI ICHYIOUMX
KOPITYCHUX JeTajieii Ta MiIIIUITHUKOBUX BY3J1iB HACO-
CiB, 1110 3HAYHO 3MEHIIYE BUTPATU HAa MOAEPHi3allilo Ta
BapTiCTh XKUTTEBOTO LIMKJTY HACOCHOTO O0JIaTHAHHSI.

KmouoBi ciioBa: kpymuszna nanipnoi xapakme-
PUCMUKU, WUPUHA pPoOOH020 Koaeca HA 8Uxooli,
uuca08e MOOeNI0BAHH S

enxb. OnpeneanTh 3aBUCUMOCTh MEXIY IITUPH-
HOI1 pabouero kKoJjieca Ha BbIXOAE U KPYTHU3HOM Ha-
MMOPHOI XapaKTepUCTUKHU LIEHTPOOEKHOTO Hacoca.

Metoauka. MccnenoBaHue mpoBOAUIOCH METO-
JIOM YMCJIEHHOTO MONEJUPOBAHUS C UCTOJIb30BaHU-
eM nporpaMmmHoro npoaykrta Ansys CFX. [lyist aToro
ObUIa TIOCTPOEHA TPeXMepHasi KOMITbIOTEpHAs MO-
JIeJTb 00J1aCTH KMJIKOCTA OJHOTO KaHajla paboyero
KoJieca Hacoca IBYXCTOPOHHETO BXOIA C ITOMOIIBIO
nmporpaMMHoOTo mponaykra SolidWorks. JIst mcciemo-
BaHUS BIIUSTHUS IIMPUHBI pab0Yero Kojeca Ha BBIXO-
IIe Ha KPYTU3HY HAIOPHOM XapaKTepMCTUKU 3HAYe-
HUE IIUPUHBI KOJeca Ha BBIXOIE MEHSJIOCh, a BCE
JIpyTHUe TeoOMEeTPUUECKHE MapaMeTpbl OCTaBAIMCh He-
U3MEHHBIMU. PacueTHbIe CeTKM CTPOMJIMCH C TTIOMO-
bpto cetrouHoro reHeparopa ICEM CFD.

PesynbraTtbl. BbinmosiHeH aHany3 IyOJMKaLUi,
KOTOpPbIE KAacaloTCsl UCCIICMOBAHWIA BIMSTHUST ITUPUHBI
pabouero Kojieca Ha BbIXOIIE Ha XapaKTepUCTUKU PO-
0O0THI LIeHTPOOEXXHOTO Hacoca. OnpeneneHa NpuyrHa
cHkeHust KITI B upe3MepHO Y3KHUX M UYpPE3MEPHO
IIMPOKMX KOJIecax. YCTaHOBIIEHA 3aBUCUMOCTh MEXIY
IIMPUHOI pabodero Kojieca Ha BBIXOIIE IIEHTPOOEKHO-
TO Hacoca IBYXCTOPOHHETO BXOma OBICTPOXOTHOCTHIO
ny,=93 1 KpyTU3HOM HAITOPHON XapaKTePUCTUKU.

Hayuynas HoBusHa. OnpenesieH AMana3oH, B KO-
TOPOM BO3MOXHO U3MEHEHME IIIMPUHBI paO0YEro Ko-
Jieca Ha BbIXOJI€ LIEHTPOOEKHOI0 Hacoca AByXCTOPOH-
Hero Bxona (ObICTPOXOMHOCTh #, = 93), C LieJbl0 10-
CTVDXKEHUST OTpeneSIeHHOW KPYTHU3HBI HATIOPHOM Xa-
pakTepucTuKu 6e3 3HauuTeIbHOro cHkeHus KITJT).

IIpakTuyecKkass 3HAYUMOCTb. lcmosib3oBaHUe
pEe3yIBTaTOB MCCIICAOBAHMS IIPEATIONATraeTCs IIPU MO-
JIepHU3AINN padOUMX KOJIEC IUIST UCITOJI30BAHUS NX B
Hacocax, KOTOpBIe pabOoTaloT B TPYMIIaX ¢ pa3HBIMU
WCXOMTHBIMM HAaIIOPHBIMU XapaKTepHCTUKaMM. Takast
MOIEPHM3AIMSI BO3MOXHA B TPaHUIIAX MCIIOIb30Ba-
HUSI CYIIECTBYIOIIMX KOPITYCHBIX AeTaJei U MOMIIMII-
HUKOBBIX COCOIWHEHUI HAcCOCOB, YTO 3HAUMUTEIHHO
YMEHbIIIAeT PACX0Ibl Ha MOAEPHMU3ALIUIO U CTOMMOCTD
JKU3HEHHOTO LIMKJIa HACOCHOTO 000py10BaHMsI.

KiioueBble cyioBa: kpymu3Ha HAnOpHoOU Xapax -
mepucmuKku, WwupuHa pabouezo Koieca Ha evixode,
yucaeHHoe Moodeauposanue

Pexomenoosarno 0o nybaikayii dokm. mexH.
Hayk B.A. Mapyunkoecokum. Jlama Haodxo0xcenHs
pykonucy 13.05.15.
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