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Evaluating Characteristic Gurves of

Submerged Pumps

PacuyeTHas OLEHKA XapaKTepuCTUK
LEeHTPOoOEeXHbIX NOrpyXHbIX HACOCOB

Sherstyuk A. N., Annikova Yu. N., Ermolaeva T. A,,

Matveenko Ya.V., Petrova S.V., Sitnikov A.l.

en designing pump working elements, calcula-
tion of the future equipment’s head-flow and ener-
gy characteristic curves becomes the subject of
utmost concern. Today, a software package is available,
which allows to model three-dimensional liquid and gas
flows, and to represent the flows visually by means of com-
puter graphics. Yet, at the initial stage that includes design
process, it is unreasonable to make such calculations.
Detailed calculations are made at the second stage with the
purpose of checking the design calculations. They also allow
evaluating a quality representation of liquid flow through
the stage’s channels and determining stagnant zones, as well
as zones with separated and secondary flows, etc. A simple
method for evaluation of pump stage’s curve characteristics
is described below. This method makes it possible to evalu-
ate calculation data while designing a centrifugal impeller
and guide vanes for a multi-stage centrifugal pump (Fig. 1).
The reliability of design data is confirmed by their full con-
formity with empirical data.
As the problem was formulated, the afloat head-flow and
energy curve characteristics of pump stage H(Q), 1 (Q) had

LWepctiok A. H., AHHukosa H0.H., EpmonaeBa T.A.,
MarseeHko f1.B., Metposa C.B., CutHukos A.l.

p¥ IIPOEKTUPOBAHNUN PAaGOYMX OPraHOB HACOCOB HaM-
GOJIBIINIT HHTEPEC BLI3BIBAET OIPEICICHIE PACIETHDIX
HATIOPHO-9HEPTeTUIECKUX XapaKTePUCTUK OyAymeit Ma-
mmHEBL. Ha cerogHanmHmii feHnb cymecTByeT IporpaMMHoOe obec-
reyeHue, MpeJHa3HAYeHHOE [l MOAETMPOBAHUS TPEXMEPHBIX
TEYEHMIT XHUJKOCTH M Ia3a, a TAKXKe BU3yaJH3alH ITUX Tede-
HUII METOJaMH KOMITBIOTepHO# rpacduxu. OJHAKO Ha IEPBOM
JTare, BKJIOYAIONEM B ceGA CaM IPOIECC NMPOEKTHPOBAHMS,
nposesienue pacderoB MKD neomnpaspanno. ITogpo6ubie npo-
BEPOYHBIE PACYETHI BBIMOJHAIOTCSA HAa BTOPOM 3Tarle C HETbIo
YTOUYHEHMS PE3YIBTATOB IPOEKTHBIX PACUETOB, IIOTyIEHHS Kade-
CTBEHHOH KaPTUHBI T€YEHU XKHUJIKOCTH B KAHAJIAX CTYIICHU, OIl-
pezesIeHns 3aCTOMHBIX 30H, 00/1aCTeil C OTPHIBHBIMUA M BTOPHY-
HBIMU T€YEeHUAMH U T. 1. Hiwke mpejuraraerca mpocToil pacder-
HBLI METOJZ OTpefeTeHNs XapaKTePUCTHK CTyleHeil HacoCoB,
MTO3BOJISIONTUI OIIEHUTH PE3YILTAThI PACYETOB IMPU IPOEKTUPO-
BaHUHU pabodYero Kojeca ¥ HaIPaBJIAIONEro anmapaTa MHOTOCTY-
IIEHYATOr'0 LEHTPOOGEKHOTO MorpyxHoro Hacoca (puc. 1). Joc-
TOBEPHOCTb PACYETHBIX PE3YILTATOB MOJTBEPIK/IACTCA COBIIAJIC-
HIUEM C Pe3yJbTaTaMH HaTyPHBIX 3KCIEPIMEHTOB.
3ajaga CTaBUTCA CJIEYIONTIM O6Pa30M: OIPE/IETNTD HATOPHO-

® Fig. 1. Cross-sectional view of a submerged pump stage.

® Puc. 1. lpoaonbHbIi pa3pe3 cTyneHu NorpyXHoro Hacoca.

7 L

9HEPTeTUYECKUE XaPAKTEPUCTUKU CTYIEHM Hacoca
H(Q), 1M (Q) Ha BOjE NPU 33TAHHON CKOPOCTH Bpa-
IIEHMS 7 10 TapaMeTpaM paboThl Ha rojgade Op, Ha-
nope Hp n KITJL 7 p.

ITockosbKy 10CTOBEPHOCTD ITOJTy9aeMbIX XapaKTe-
PUCTHK CYIIECTBEHHO 3aBHUCUT OT IPUHUMAEMOTO
HaIropa Ipu HyJIeBOH mojade H() 1 MaKCUMaJIbHOMN

nogaun Q,, (mpu koropoiit H=0), octanoBuMcs MOA-
7] pobHee Ha uX ompexeleHUN. Pasymeercs, xapakre-
PUCTUKH Psifia UCHBITAHHBIX CTYIEHEN ITO3BOJISIOT
BBIOGPATDL G1M3KMe K TpeGyembiM 3Hadenust Hyu Q,,.
Ho Tax 6biBaeT He Bcerja.

Hanop HO MOHO OILIEHUTH IO KO3(pPUIEHTY

Ho.g

Haropa: Ho = , (1H| =m),

2
2

KOTOprﬁ Y BBIIIOJIHEHHBIX CTyHCHCﬁ N3MEHAECTCA B
CpaBHUTEJbHO Y3KUX IIPpEACTIAX:

Ho =0,42....0,48
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® Fig. 2. H, versus qy, curve

H
r_f
® Puc. 2. Ipachuk 3aBUCUMOCTH H, =/,)

g

Menbmue 3HaueHuss Ho COOTBETCTBYIOT CTyIe-
HsiM rabapuTa b (guamerp pabodero koseca dy = 70

mm 1pu yucie oboporos n =2 900 06,/Mun), 60Jb-
me - 5A (d, = 80 mm).
TaxkuM 06pa3oM, OPHEHTHPOBOYHO MOKHO IIPUHU-

0,72 A MaTh:
2
— U
/ Ho=~H,—2~ (1).
o 8
0,70 .
/ Ci03kHee onpeneanTb MaKCUMaIbHBIN pacxox. OT-
HOIIEHUE
0,68 Qmax
1,40 145 150 155 160 165 170 175 180 185 1,90 — =4,
am Q,

to be determined at the set rotation speed n,with operating
water supply Q, pump head H, and efficiency coefficient 77 .

Since the characteristics’ adequacy depends significantly
on the pump head under zero supply H,and maximum sup-
ply Q,, (where H = 0), their evaluation may be considered in
detail. Definitely, curve characteristics of several tested
stages ensure selection of values, which are the most
approximate to H, and Q,,. Yet, this finding is not valid
throughout.

The pump head H,may be determined based on the head
Ho-g

2
2

which varies from stage to stage within fairly narrow limits:

Ho =0.42...0.48

coefficient Hp =

, (IH] =m),

Smaller values Ho correspond to dimension 5 stages
(centrifugal impeller’s diameter d, = 70 mm at n = 2,900
rpm), and greater values correspond to 5A (d, = 80 mm).

Hence, the following may be provisionally accepted:

SOURCE: BORETS ® UICTOYHWNK: BOPEL|

® Fig. 3. This graphic shows H = f(q) curve
characteristic.

® Puc. 3. Ipachuyeckoe noctpoeHue xapa-

ktepuctukn H = ().

U3MEHSETCS B BECbMa IMUPOKUX npejenax: ¢=1,4...2.
AHaN3 ONBITHBIX JAaHHDBIX IIO3BOJINJI YCTAHOBUTD, YTO MEKAY

ornomenusmu H , =—" u g,

o
CYIECTBYET NIPAKTUIECKH OHO3HAYHAS 3aBUCHUMOCTb. JTA 3aBU-
CHMOCTD IIPeJICTaBICHa B BUJe rpaduka Ha puc. 2. Tam xe noxa-
3aHbI TOYKH HOCTpOeHHI)Ie II0 3HAYCHUAM, HOJIy‘IeHHI)IM B pe—
3yJIbTaTe HATYPHBIX dKcIlepuMeHTOB. IIpencraBieHHas 3aBHUCH-
MOCTB (puC. 2) JaeT JOCTATOYHYIO CXOJUMOCTBH B JHAIla30HE
3HaveHuit 1,4 < ¢,,< 1,85.

ITocre onpenenenns Hyu ¢, , pacder Xapakrepuctuk H(Q)
(vt H(q)) MOXHO IPOU3BOJUTE ABYMS MyTsIMH. Bo-niepBuIX, 3a-
BUCUMOCTD H(q) MOXKHO IpeJCTaBUTDb B BUJI€ IIOJUHOMA TPEThEH
CTeIeHN:

H=Hy*c1g+ e+ s (2)
onpejeuB KO3(MP(PUIUEHTHI Cq, Cog U Cg3 U3 COOTBETCTBYIOIUX
I‘paHI/I‘{HbIX yCJIOBPII‘?I. lIBa I‘paHI/I‘{HI)IX yCJIOBI/Iﬂ O4YE€BU/HDBI:

Lg=1;H=H,(Q=Q,)

2.q=q,, H=0
TpeTbe yCI0BHUE TOJMYUNM U3 3aBUCUMOCTH:
H
e [ A ) BT
dq 2 rog, -1

lg=1
3Ta 3aBHCHUMOCTD, KaK YyCTAHOBJIEHO aBTOPAMU, HEIUIOXO COIVIa-
CYeTCs C ONBITHBIMU JJAHHBIMU.

Taroke, aTa 3a/1a49a JIETKO penraeTcsa rpaudecku IpUMepHO C
TOH ke cTenenbio TouHoCTH. Miunocrpanueii cryxut puc. 3. Tou-
xu A u C (coorBercTytomue ¢ = 0 U gm) COeUHSAIOTCS (IIPAMBI-
MH) ¢ Toukoii B xapakrepuctuku H(g), 8 koTopoii H = Hp. O6pa-
sytomuiica yron ABC jenurcs momnosaM U MPOBOJMTCS NPsAMast
BJI.

VYyactkamm xapakrepuctuku AB u AC cayxkaT 1yru OKpysKHO-
creit ¢ nenrpamu O u Oy, pacnookeHHpIMU Ha npamoi BJI.

MO:KHO yOeUTBCS, YTO B OCHOBY IPapuIECKOro IOCTPOEHUS
XapaKTepUCTUKN H(q) moysoxeHa 3aBUCUMOCTD (3).

CorocraBjieHuEe PACCYUTAHHBIX U OIBITHBIX XapaKTePUCTHK
H(q) rpaduueckuM METOAOM IPUBEACHO HA PHUC. b, IpUYeM
pacuernble 3HadeHus Hyu q,, (Q,,,,) B34TbI n3 onbiTa. Pasymeer-
Csl, CTENEHb OTKIOHEHUS PACUETHBIX XaPaKTEPUCTUK OT OIIBIT-
HBIX BO3PACTAET IPU HETOYHOM onpeaencHun Hyumm ¢,,.

Hnoii noaxon sei6pan npu pacuere KITJ. C nenbio ysenude-
HUA TOYHOCTU pacueTa Xapakrepucrtuka I (¢) pasgeneHa Ha
ZBa ydacTka (puc. 4) ¢ qumamasoHaMu K03(GPUIMEeHTOB Ioay:

1.0<g<1

2.1<g<q,um0<x<1

KoopaunaTa x BoO BTOPOM C/Iydae IpUHSATA!
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2 El
Ho=1,%%2 (1) 2|7 o dn=d
§ :| g qn =1
It is more difficult to determine the maxi- § N Hcnonb3oBanue ABYyX y4aCTKOB
mum flow. ’.,_. \ MTO3BOJIAET YHPOCTUTL 3aBUCHUMO-
0 & \ CTH, YYUTBIBAIONIE HEOOXOMMOCTD
The equation =% =g g ydeTa Pa3jIMyHbIX YIVIOB HAKJIOHA Ka-
» 3 CaTeIbHBIX K XapaKTePUCTHKAM B
varies over a wider range, where ¢ = 1.4...2 Toukax ¢=1wu ¢= g, (puc. 4): |a2| #
Based on empirical analyzes, a unique a, 0, al.
_ 0 CoracHO aHATN3Y OTBITHBIX JTaH-
relation between H, = pr and ¢, was 0 q ! X 0 HBIX IPUHSITO:
R _ _
established. A graph on Fig. 2 demonstrates an > an = _4
this relation. Also, Fig. 2 provides symbolic | o rjg 4 Symbols used for curve evaluations. U )y U Jymg
reprf.:senta.tlon.of emplrlcal. dallta. The. 8IVEN | o pyg. 4, 0603HaYEHMs K pacyeTy XapaKTe- (4)
relationship (Fig. 2) offers significant similar- PUCTHK.
ity of values within the 1.4 < ¢,, < 1.85 range. 3amMeTHM, 4TO B IPEJETLHOM CJIy-

After Hjyand ¢, have been evaluated, there
are two possible ways to evaluate the H(Q) (or H(q)) charac-
teristic curves. First, H(g) relation can be represented as the
3rd degree polynomial:

H=Hy*c19+ e+ s (2)

In this case, coefficients ¢;, coand ¢;will be derived from the
boundary conditions. Two of these conditions are evident:

lg=1;H=H,(Q=

2.4=¢q,, H=0

The third condition is obtained from the equation:

H
ot =xlzl ,—H, +—"— 1,
9 ), 2 q,—1

According to this article authors, this relation conform to
empirical data fairly well.

Also, the problem may be solved easily by means of graphs
with almost the same accuracy (Fig. 3). Points A and C (cor-
responding to ¢ = 0 u ¢,,) are connected (by straight lines)
with point B of H(g) curve, where H = H,,. The received angle
ABC is bisected, and B/] line is drawn.

Circle arcs with O and Oy centers, placed on the B/
straight line, represent sectors of AB and AC curves.

It is obvious that the H(g) curve’s graphic plotting is based
on the equation (3).

Fig. 5 shows a graphic correlation of design and empirical
data for the H(q) curve, where estimated values of H, and
¢,,(Qmax) are empirical.

(3)

4ae — IpHu ¢,~ 2, 06€ 3aBUCUMOCTHU
JAaI0T O4Y€BU/JHDbIC 3HAYCHU I HpOI/ISBOﬂHbIXZ COOTBETCTBECHHO 2 n
-2.

JlajbHelee peleHrue 3aa4y He BBI3BIBAET 3aTPYAHEHUN 1
cBesieHo B Tabmiy 1.

3aBUCUMOCTD MEXK]Y ¢ U X:

4= Qu(qp1)

CorocTaBIeHIE ONBITHBIX ¥ PACYETHBIX XapaKTEPUCTHK n(g)
IIPUBEJICHO HA PUC. 5.

ITonydaennnie pesyasTaThl HOKa3anu 3P PEKTUBHOCTD TpUMe-
HEHUs pacdeTa HAIOPHO-3HEPreTUYeCcKUX IIoKasaTeaei Ha
IIEPBOM 3TaIle IMPOEKTUPOBAHUSA CTyrmeHell. OCHOBHBIE “Orpa-
uuuenuss” CAE cucrem (Computer aided enginiring) npu uc-
ITOJIb30BAHUN UX B KA4ECTBE MHCTPYMEHTA MCCJIE/IOBAHUIMA, IIPO-
€KTUPOBaHUsA, Pa3pabOTKH U ONTUMU3AIIH JIUIS 3319 TCUCHUS
JKUAKOCTH B PACCMOTPEHHBIX KOHCTPYKIMAX, CBA3aHHLIE C He-
JIOCTATKOM BBIYMCJIUTENbHBIX pecypcoB sokainbHoro ITK u nHe-
06XOJJUMOCTBIO IIPOBEJECHHUSI PACUYETOB HA KJIACTEPHBIX yCTa-
HOBKAX, PENIAIOTCsA IyTeM YIPOUICHUS TOCTABJICHHON K pere-
Huio  3ajaun. IIpexcraBieHHBIE  CIIOCOGLI  pacueTa
HAIlOPHO-3HEpreTHudeckux xapaxkrepuctuxk H(Q), 1 (Q) nosso-
JAI0T ¢ MUHUMAJIBHBIMH BPEMEHHBIMU 3aTPaTaMH, TOYHEe —
NpPaKTUYECKN 6€3 HUX, MOJYIUTH C JOCTATOYHON TOYHOCTBIO
XaPAKTEPUCTUKU HOBBIX Pa3pabOTOK €Ile Ha 3TAIle 3CKU3HOTO
IIPOEKTUPOBAHMS.

Undoubtedly, the discrep-
ancy between evaluated
and empirical data increas-

® Table 1
® Tabn. 1

Relations for curve evaluations: -
3aBUCMMOCTU AJIA pacyeTa XapakTepucTuk: nm=

% =f(q’x)

es with inaccurate Hyor g,
For the purposes of the
efficiency coefficient eval-

Left-hand member / JleBas yactb, 0 <q < 1

n=¢q+ CZCIZ + C3q3

Right-hand member / MpaBas yactb, 0 <x <1

_ 2 3
nN=ax+ax +ax

uation, another method is
used. To improve evalua-
tion accuracy, the curve 7]

Boundary conditions to determine ¢4, ¢; and c3
lpaHn4Hble yCnoBMA ANA onpefeneHns ¢q, ¢ U C3

Boundary conditions to determine a4, a; and a3
lpaHn4Hble yCNoBWA ANA onpefeneHns a,, a U az

(¢) is divided into two sec- q=5 n=1 x=1 n=1
tors (Fig. 4), with the fol- o o
lowirf f I q=1  9_j x=1;  2_
g ranges for supply
L E dq ox
coefficients: 1
1.0<g<1 q=0. O _ x=0. 9m__4
2.1<g< g, mm0<x<1 dg aq q,
In the second case, the o 1
X-coordinate is accepted =
as: dq g, —1
4.—q Formulas for coefficient evaluation ®opmynbl ona onpegeneHna KoagphrLMeHTOB
X=-"— 1 €1 =0dm aq = 4/q,, (Qp-1)
I G = 3-2C1 ap = 3-231
C3 = 1-C1-C2 a3 = 1—a1—a2
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® Fig. 5. Empirical versus evaluated pump stage’s curves at: Hyy = Hy o5 Gmp= Umon
® Puc.5 PacyeTHbIe W ONbITHbIE XapaKTEPUCTUKN cTyneHed Hacoca npu yenoBusx: Hyp=H, on; G p= Ui on

B [ 60% 7 60%
P e e s e Lt - 5 <*\k 50% B e ] 50% TI
=T < \ =T T
. - . /
= |, ] ™) w || = s w || = ]
= = = 3
T, -~ N o || T 1 A \ w || T
2
0 5 10 15 20 25 30 35 40 45 50 55 BO B5 70 75 BO 85 anmﬂ DD 20 40 B0 BO 100 120 140 160 180 200 220 Dn 30 B0 80 120 150 180 210 240 270 300 330 360 aann%
Q, m3/cyT (cu. m/day) Q, m3/cyT (cu. m/day) Q, m3/cyT (cu. m/day)
—h— - pump stage’s empirical curves  onbITHbIE XapaKTEPUCTUKM CTYNEHEll Hacoca

- pump stage’s evaluated curves  pacyeTHbIE XapaKTepUCTHKM CTYNEeHel Hacoca

The use of these two sectors allows
to simplify formulas considering tan-
gential angles versus curve properties
in points q = 1 and q = q,, (Fig. 4):
[a2] # al.

With reference to empirical data
analysis, the following is accepted:

dn) _ . (dn 4
dq "\ dg 4,

=0 9=

(4)

It should be noted that under
boundary conditions, when ¢, = 2,
both characteristics offer evident deriv-
ative values: 2 and -2, accordingly.

Afterwards, the problem may be
solved easily. The solution is summa-
rized in Table 1.

The relationship between ¢ and x:

q= qm'x(qm'] )

Fig. 5 shows the relation between
empirical and evaluated curves p(g)-

The above results proved the
efficiency of evaluation method as
compared to the CFD (Computational
Fluid Dynamics) method. Speaking of
basic “limitations” of the CAE package,
they refer to its use as a tool for
research, design, development and
optimization of liquid flow for pump
types considered in this article (a six
stage set comes up to nearly five mil-
lion design volumes). These limita-
tions result from insufficient computa-
tional capacity of a PC and the necessi-
ty to do calculations on clusters. Setting
of a specific problem helps overcom-
ing these difficulties. The offered
methods for evaluation of pump
head /energy characteristics H(Q), 7
(Q) allow to minimize and even elimi-
nate time delays, and to evaluate new
pump’s characteristics with a specified
degree of accuracy at the pre-design
stage.
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