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ANDRZEJ ŁOJEK

Ę:i;_l:ut Maszyn Pzepływowych PAN w Gdańsku (Inslilute of Fluid_Flow Machinery. Polish Academy of Sciełres, Gdańsk)

Influence of Prerotation on Impeller Pump Operation

ł"i::ng on a model of one-dimensional flow, the influence of prerotation on conditions of liquid
:: :;gh-speed pump impellers is determined. Thę effects of prerotation influence on pump operation
:c in this way have been compared with the results of experimental tests concerning free and forced

:::rotation. lnflue,nce of prerotation, generated in dilferent ways, on energy-related, cavitation and

:,lstic pump properties is characterized. The so-called prerotational by-pass jet device is presented,

::proves operating conditions of pumps controlled through forced prerotation.

- vibration acceleration

- flow velocity

- diameter

- area

- acceleration of gravity

- head of.pump

- plerotation intensity

- net positive suction head

- power shortage coellicient

- discharge

- radius

- before inlet

- at inlet

- at impeller outlet

- concerns streamlines ar, a,

- concern§ streamlines b1, b2

- meridional

- circumferential

- ni"draulic
* :heoretical

Nomenclature.

U - peripheral velocity

P, ó - angles
lho"n -, dynamic depression of pressure

lhup - hydraulic loss in the by-pass
/H" - pressure difference in the flow
Ap - pre§sure pulsations

€", (n - hydraulic resistance coefficients
tl - efliciency
Q" - suction delivery number
0) - angular velocity of impeller

Subscripts:

rated
critical
required
available
vane
suction pipe
§ystem
by-pass

kr
r-
a0
k-

uk
up

l. Conditions of Flow Upstream of the Impeller

illL u, lrsumed generally [4,8] that pump impeller supply condition§ are optimum
ilnle óo of liquid stręamline inllow is the same as inlet anglę P lof the blade, i,e.

]]il such inflow conditions can be ensured for different pump operation state§
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Fig. 2. Theoretical characteristics ol a hi
pump irnpeller

(Fig. 1), providing that together with a change of discharge Q (meridronal
'Co. of flow velocity) a corresponding change of prerotation - liquid swirl befr
the imPeller inlet - will occur. The ratio of the circumferential component Co.
flow velocity and the impeller peripheral velocity (J, may be used a. u 

^"ur.riiPrerotation: 
k : Cguf (J 1

Constant direction'ol'liquid inflow at the impeller {§o: 0l: Óonst),
uniform co. distribution, is ensured by prerotaiion oiintensiiy:

k: f (Q): l,-QlQ^
k : f (r) : Cguof (J 1o: Cot/(J r,o: cofist.

High-speed pump impellers with btades ot three-dimensional curvature and

q

t§§

edges inclined to the axis bf rotation are in most casę§ designed in such a way
at the assumed axial inflow of liquid tĘe delivery head'attaini a constant value a

This state concern§ the design operatlon polnt ot the pump (point N in Fig
With pump discharges differing from the rated value (Q + Q,), tńe pump heads,

the blade edges:

Hr: Hlqn: cotlst.

different for each streamline. Taking into account the relationship resulting
velocitY triangles, and assuming k as a measure of prerotation, the iheoreticai
head can be expressed by:

H, : :fi u ł l, 
_ r(Ł)' - Ę*,6 r]

In case of unrotated flow on the suction side (k : 0), the difference of
the pump discharge Q amounts to:

Fig. 1. Velocity triangles at impeller inlet
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H*_H,,: (A_B)|r _t) (6)

il,T:.]ls A and B are explained in Fig. 2).
& :*: ]ow on the §uction side is prerotated (k + 0\, then one can write on the basis
ł ::::ula (5):

H,o_ H,t: te _rl(r _ 
e)-|^r.(*)' - rr,(*)'f (7)

:esults from (7) that the statę in which pondition (4) is fulfilled may be also
,nn:;:;uj when Q *Qnrprovided that the liquid has an appropriate prerotation.
"i]';r.-,:i_lre, if e.g. the prerotation inteqsity on streamline aLaz is ło: l-QlQ, (in

,łlull],,, -:3nce with formula (2)), then for streamline blbzit should be

o,:(,-r"){*lĘ)'-,]*,I(*)' (8)

";:roximately, it may be assumed that in impellers with axial flow (propeller
llnllm::l :he streamlines lie on parallel surfaces. Therefore:

rill]]11illill|f, , _fstituting (9) into (8):

droldr, - flrof d* x t.

k:u: l_Ql^,

tłlłl]llmn: J, : coostl Aha, is minimum at prerotation of intensitY:

: structural parameters of the impeller and on flow parameters which
,,t so-called dynamic depression of pressure, defined by the formula (5):

(J ,'Aharn: 
ftl{t"+C-){ę"' 

+&2)+ (-t1*2k)f. (lż\

(9)

(10)

,1filfillllillil,] ]]i3ns that if the propeller pump impeller gonerates prerotation of intensity
|ni,lrt!mu;r":n: by formula (2) anó uniform on all streamlines (formula (3)), then also

l*Ę-:.::on states differing from the rated state the impeller will attain an equal
,-: head along the blades and the proper direction of inflow will- be main-

,:_lact-free inflow: Fo: §t: const).
i' ,- l - impeller with mixed flow of liquid (diagonal pumps):

droldro + dftf dzb < I.

]]]|]] ":_:: .:ase, as results from equatron (8), prerotation neces§ary to fulflrl condt-
*. j :]_frerent from the one required to en§ure proper conditions of supply to

,]ll]T:Ę],_,,t: tąuation (2)), This mean§ that in order to ensure proper conditions
ł|łtLn,i l:*, through a diagonal pump impeller, prerotation of unequal intensity

"]illliiiiinl .::E.mline may be more appropriate.
" łllll :,j,i :**-lsitive suction head NPSH, required for cavitationless pump operation

(l 1)

,(-Kopt: v':n-.
§c 1- |p

(13)



Taking into account that the value of 9" changes with varying prerotation i
sity in such a way that

Q" : C .-fU t x Co^l(J t : (| - k)tgP y
formula (12) may be written in the form:

lhayn : T W k' + LG, + u)Ę2 p |+ (.] (1 - rr}
In this case the optimum - regarding cavitation - value of the

intensity (at which /ho, is minimum) is defined by:

koo, : sinz B r + }1"rr' F r.

It should be stressed that in both cases kooris defined assuńing that (.:
and (": const. This assumption is not strictly correct, because the values of
cients (, and (, dePend, among others, on prerotation [3,4]. Therefore in t
the value of optimum prerotation may be different from the values obtained
(13) and (15).

2. Free (natural) Prerotation

The Presence of the so-called region of characteristic discontinuity is a signific:
feature of high-sPeed pump flow characteristics. This region has a definite inflexi
(bend) or depression. The curve ćI : f(Q) shows a sudóen change of the charz
of flow through the impeller, connected with a sudden generation - at §ome
tical dischar$e Qr" -_of a §trong, free prerotation inducód by the impeller (Fig.
At Q > Qo, the liquid flows to the impeller with a small whirl (i : f (r): 

"on.i). 
.ń

decreasing discharge the angle of incidence Bo becomes smaller (k : f (Q) + l - Ql,It maY be supposed that the resulting impact of liquid at the impeliór inlet is
reason for flow instability and for the increased pressure pulsations and pump vi
tions (Fig. 4)- At Q: Qk :0.6 Q,streamlines separate from the blades. At the s
value of NPSH,, as for Q > Qo. cavitation appears on the passive side of the
Prerotation intensity suddenly increases (Fig. 3). At Q < Q^o,, with increase of
tation near_the suction pipe wall (k: f (r): constidire-Jion of the liquid inll
changes tn the centre Part of the impeller in such a way that the angle of incidence
bectrmes nearer the blade inlet angle § r. In this stató of work, pressure pulsatio
becońe slightly smaller and pump-vibrłions decrease (Fig, a). However, the flo\§
not stable and energy losses increase with decreasing discńarge.

variability of free prerotation is different from the one described by equali
(2) and (3). For partial_Ioading of the pump, at Qx, < Q < Q,, its intensity is
small to ensure impact-free inflow. Pręrotation increises ónry ai Q < Qo,.It is raan effect than a cause offlow separation from the blades.
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Fig, 3. Flow characteristic of the pump (a),
and change of ilow velocity on suction side (b.}

3" Forced Frerotation

Prerotation is utilized fclr controlling pump operation parameters, especially of
: ;:-sPeed PumP§, tn this ca§e, as opposed to free prerotation, the preiotation is

":-'d bY additional devices instailed at the pump inlęt, These ar* mainly thę so_called
"-::ctation guide rings, provided with ad"justable blades for generating required
"1.:ges cf angular momentum ol'liquid before entering the impeller, §o_Ćalled pre-' .:ional bY-Pass jet devices (Fig. 5} are a new solution. There angular *o**niu-
l ;:nerated before the inlet to the impeiler bv vanes and a by_pass jet (devices I and lI),_ lr with a by-pass jet only (vaneless devices 1{I) t7].prerotation guide-rings with straight guide vane§ - with constant angle of
- _ :ation óo along the vane - generate prerotation of intensity

k : .f (r} * const
k: f (Q) + |-QlQ, {see Fig. 6a).

-:-erefore the angle of incidence /g changes during prerotation control. These

l 
J'- - g-S are large, especiaily near the impeller hub, and are larger than during throttle

|Ur =:ning. With growing prerotation also pre§sure on the suction side decreases.
|-':,e disadvantageous changes of flow on thE suction side result in deterioration

|,,:rT 
::.rgY and cavitation properties of the pump, and limit the permissible range

!,,m . :.-ed prerotation intensity, and therefore of prerotation governing itself.

I

l

I

b)

prćs§iJr8

0s 0§ la \ ł.2



Oiogmm of tńe sysłe.n

Fig. 5. Prerotatlonal by-pa§§jeł devices
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Influence of prerotation on

::fecttveness of the influence of preqotation on the pump properties depends not- :n the method of Prerotation forcin§ but also on the conditions of pump operation.
::iiions of flow in the pump controlled with a prerotation guide ring ari ńst when' : : -rDP oPerates in conjunction with a pipeline of very **ull łrydruulic resistance,

:" l -S€ Pręrotation necessary for attaining the required change oi pu*p discharge is_ .:ly small,
: guide ring and bY-Pass jet prerotation devices the prerotation is forced rnainly" -: guide vane§. The by-pass jet, supplied to the .u.iion area through holloweł

l, : :" device I), gives onlY small changes of velocity ant1 pressure distribution before
] l --peller. Therefore changes in thę onergy and caviiation curves of the pump* are small.

' ]ll,itation curves of a pump controlled by means of
;,.: O ł Qo : const; continuous and dashed lines borre-

l:.:nd to. Q,o:0 and Quo: 12%, respectively) NrcłJ ln1dv- '

oc?O
ł

ą8

-; lncrease ot the liquid angular momentum and decrease of pręssure in the]ll' " -: the suction PiPe are disadvantageous. This can be avoided by using short: ,:il€s and leadin_g, the by-pass jet mainly near the wall of the suctioi pipe.*: 
;:: is also no significant change of the pump characteristics when the by-pass jet

" l:']l:ij centrallY through anozzke placed beforę the prerotation guide ring 1oóviceil;, :: distance from the impeller (about 4,5 d,*o; d,-o - diameter of thó impeller).
-::: changes occur when the distance bętweón ajnzzle and the impeller is s*ait
" , l,.r.).The imPeller supply conditions become bette1 the head'and eIIiciencyl i -:T]P imProve, and therefore even the efficiency of the purrrp §y§tem increases*' ]], -1], SuPPlY to the impeller by means of an adrlitional by_pass just results

,-:ease of Pressure on the suction side. Ttre obtained pressure increase is:iil -:, :ĘCause of the small dYnamic pressure of the by-pass jet and srnall intensityl ]-, -Pass iiquid flow**," -:eless devices (III) prerotation is forced by nneans of a by-pass jet suppliedi]: , : - . supply spiral (Fig. 5). The by-pass jet is stlpptied tangentLly io the main

' -: efficiency of a pump system is described by formula:

n,-:(l-% oJr\,,
\ a H/,

"l!u il|,:l::ś on energy losses..caused by the by-pass jet(Q"oAh,o) and on the conditions of pump ope-]Lllil ] _ 1. n) during the adjustement.
" -:: ]}'-Pass liquid flow rale Q,o is limited because of pump system efficiency. The value ofl {,]r] ' ::5sure of the bY-Pass_ jet dePends on tbe pump delivery ńeuO; it is small because of the relatively,|il] L|l]l :-.. .19ad of high-speed pumps.
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system with a propeller pump controlled by a diagonal pump under prerotation forced t1

means of device II a by-pass jet

stream and perpendicularly to the direction of florv, and it generetes prerotation
mainly near the wall of tlre suction pipe (Fig, ó). A small decrease of pump efficienq
(Fig. 9) prove§ that correct condition§ of flow through the pump are maintained
Small changes of pres§ure on the §uction side do not creatę a danger of cavitation
If cavitation appears in the purnp for other reason§ e.g" because of a decrease of the

inf]ow head, then the tlynamic influencę of cavitation on the purnp can be reduced b1

leading the by-pass jet to the suction side [2]. Therefore when thę required changes

of the pump hyclraulic parirmeters fall within a narrow range* (narrow range of controlt
this is an advantageou§ method of forcing prerotation.

With the increase of positive (i.e. coincident with impeller rotation) prerotation
forced by the prerotation guide ring or prerotation by-iass jet devices,lhe level of 

]

",:::::::::: 

--.- 
: :::,:":". """* ]
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lnfluence of Prerotation on Impeller Pump Operation t2l

When the control range is nairow, the prerotation guide rings may be replaced
: " a vaneless by-pass jet prerotation device, which generateś prerotation with
. _.}--pass jet exclusively, The simple structure; and especially lack of moving parts,

, :he advantage of these devices.
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Wpływ prerotacji na pracę pomp wirowych

st reszczenie

-,r Dodstawie modelu przepływu jednowymiarowego określono wpływ prerotacji na warunki prze-
lł] - _ :l3czy przed wirnikiem" Stwierdzono, że prerotacja może zapewnić bezudęrzeniowy napływ cieczy
,i, :,:iki (!n_ tJ) i jednakową wzdłuż krawędzi wylotowej łopatek wysokoŚĆ podnosz.enia (wzÓr 4)
,,l,i;l ::-::ejszyć dynamiczną depresję ciśnienia (wzory 12 i t4). Jej natężenie (wzór l) powinno byĆ do-
:li ]| \;-13 do stanu obciążenia pompy (wzór 2). W pompach śmigłowych (wzor 9) powinna to byĆ pre-

LLlul .: : natężeniu jednakowym na poszczególnych liniach prądowych (wzór 3), natomiast w pompach
*lIl|ll :.i 11ch (wzór ll) bardziej odpowiednia może być prerota.cja o natężeniu niejednakowyn (wzór 8).

L,:]i l,] i lrerotacji optymalnej ze względu na kawitację określają wzory (13) i (15).

" - :. ,lpisano przebieg prerotacji swobodnej, indukowane_i przez wirnik. Stwierdzono, iż jej natężenie
il ]]lrLL " ::!!a dopiero przy wydajności mniejszej od krytycznej Q*,(rys.3), kiedy dclchodzi do oderwania
ll. ,,:: -:e.zy od łopatek i pojawia się kawitacja. Mimo że prz,y 8 < Qr,zmnlejszają się pu'lsacje ciŚnie-
]l. ,l:l::a pompy (rys. 4),przepływ z silną prerotacją jest niestabilny i odbywa się z dużymi stratami
.m:, _.,:rmi.

_ ,::nie scharakteryzowano wpływ różnie wymuszanej prerotacji na warunki przepływu cieczy na
]lĄ|]lL .| -. rvłasności energętyczne, kawitacyjne i wibróakustyczne pomp. Wykazano, że kieroWnice

r|] -- .-ostymi wytwarzają prerotację, która nie zapewnia optymalnych warunków przepływu.
]ll]x , ; :du zakres dopuszczalnych zmian natężenia prerotacji (zakres regulacji) jest ograniczony,

"-,:,:, :.,,) tzlń,. urządzenia prerotacyjno-upustowe (rys.5), w których prerotację wymusza się za



l22

pomo. ęą łopatek i strumienia upu§towego 1urądzenia I i II) lub tylko za pomocą §uumtenta u|
(urządzenie III). Stwierdzono, że działanie kierownic prerotacyjirych można polepszyć poprzez
wanie na przepĘw eieczy na ssaniu dodatkowo strumieniem upustowym (przykład.*na rys. 8).
niedużym zakresie regulacji korzystne jest wymuszanie prerotacji za pomocą strumienia
(urządzenie ItI). Tak wymuszana prerotacja (rys. 6b) powoduje niewielkie obniżenie się spraryności
(rys. 9). Niewielkie zmiany ciśnienia na ssaniu nie stwarzają rriebezpieczeństwa wystąpienia
Zaletą vtządzeń bezłopatkowych III jest prosta konstrukcja, a w szczególności brak części

Błnrrrrre npepoTaĘln Ha pa6oTy JIo[acTHbIx HacocoB

Pegtoue

B paslele l, ua ocgore MoAenu oAnoMepHoro TeqeHur, onpeAeneuo BJIłrHrłe npepoTaĄIru Ha
B}l, TeqeHI{, xt4AKocTtł liepe.ą poToporrł. oonapyxeHo, tITo flpepoTaĄfi, MoxeT o6ecnevarr 6esy4a
HaTeKaHIłe xrłAKocTLI Ha JlonaTru (flo_ f J r o4unaxorufi Hanop BAoJrb ruxogxoż KpoMKrr
(Qopr,ły;ra 4), a rarxe yMeHruJirTb AuHaM[qecKyIo Aenpeccnro AaBJreHu, (rloprvryłu 12 u l4). Eć
cr.lBtlocTb AonxHa 6rrrs nplcnoco6nerła K cocTorHlllo Harpy3KIł rłacoca (Qopuyła 2), B n
Hacocax ($optrłyrra 9) Aołxrra 3To 6bITL npepoTaurł, xapaKreprcy}on\aręr o4ruororofi
Ha oTAeJIbHbIx JlllHu'.x roxa (tpopvyna 3), a l AuaroHaJlbHblx Hacocax (Qoprnry.rra l l ) 6olee
toĘefi lroxer 6urr npepora[u' HeoAuHa(opoi łrrregcnBHocTt{ ($opvy.na 8). ŁurerrcunHocrr
TaI1rfi, oflTttMalbHylo c y.łóra Ha KaBlłTauilro, onpe,qerrrńr $opuylu (l3) lr (l5).

B parAerre 2 onucalł xo.q crg6ogrrofi upeporaquu, IłHAyĄI,rpoBarrnofi poropolł. O6xapyxeno,
eó uHtegcultlocTL cIlJIbHo Bo3pacTaeT Jlnrub nplł pacxo.uę McHLrrIeM oT l(pllTuqecxor o Qo, (puc. 3),
EpIIxoAIrT K oTpbIBaM,cTpyfi xrłgxocru oT JroIIaToK u norBłeltlllo xaBIrTauH[. Hecuorpr Ea To, IlTo

Q < Q*, yMeHbmaroTc' nyrbcałxł ,ĘaBneHu' rł nu6paquu xacoca (prrc. 4), rerexue c crurrrłoń
qrłefi rsflgerca ueyc,rofivusuu u npolcxo.qni c 6ołrłrrnul 3Hep.eTIłqecKI,lMLl lloTeprMll.

B pasAefle 3 xapaxrepusyeTc, BJIIłrHlre no pa3HoMy sutłyx.qaeuofi rrpepoTalliłI! Ha ycIoBIł,
xlłArocTtł Ha BcacbIBaHEIł H Ha 3nepreTl{qecrile, KaBItTaIIrłoHHbIe n ru6poaxycTlłqecxue cBoficTBa
cor. ĄorasuraeTcr, tITo llanpaBJlrlouue annapaTbl c [pocTbIMIł ,ouaTxaMI,I npoll3BoArT
KoTopaf rłe o6ecnequnaeT onTI{MaJIbHbIe ycnoBu, Teqeullr. flo erovy noBoAy npeAeJr
I{3MeHeH{fi nHTEHcIłBHocTu npepoTallrlr (npeael peryłlłporaxla) orpaHtłqeH. Ilpeacra
T.Ha3" npepoTarllrorrHo-oroopHue ycrpoficrna (puc, 5), n roroprrx npepoTaql{, BbIHyxAeTc, IrpE
Motulł JlonaTox n or6opHoro iloTo(a (ycrpoŻcrra I l II) u.nł ToJIbKo IIpn lloMollln or6oprrclro
(ycrpoficrso III). O6rłapyxefio, qTo Aeżcrsre upepoTaIlHoHI{EIx HanpaBlrroĘHx annapaToB
yJryqlxlr. b nyrĆtł ror4eficTBlł' Ha TerleHiłe xilAKocTrł Ha BcacblBaHuu .ło6aBo.rxo oroopnrrv
(nPnrrłep Ha plłc. 8). IIprł rłe6ołrruov npeAene peryJltłpoBaHl{l floJle3Ho BbIHyxAaTb npepoTaqnK)
noMoĘI{ or6opHoro noToxa (yctpoficrro lII). Tar srtHyx4ćurrar npepoTaulł, (pnc. 6b) BbI3bIBaeT
Golruroe nonuxeHrłe K.n.A. Hacoca (puc. 9). He6olrurue Ił3MeHeH!, AaBJleEu, Ha BcacbIBaHIłIł He
co6crryrcr onacHocTlł BbIcTynaH[, KaBuTa{Irn. .{ocrouncrrov 6eslonaro.rHux ycrpoficrn rnł
npocTźul KoHcTpyrqlrr, a s oco6eHlrocTtt oTcyTcTBne noABIlxHhIx qacrefi.


