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KAzIMlERz źocHowsrl
(atedra Turbin Wodnych i Pomp Polilrchniki Gdańskaej (Department of Water Turbines and Pumps of the Techni€l Univenity of Gdańsk)

On the Use of Prerotational Control for Adjusting the Discharge of
Medium-Speed Impeller Pumps

Selected results of investigations of a medium-speed impeller pump adjustment (kinematic specific
$€€d 50), using prerotational control, are presented. The influencę of the used prerotation guide ring on
-:e velocity distńbution in the inlet pipe of the pump is examined. Pump characteristics obtained for this
rpe of adjustment are presented and compared with adjustment characteri§tics obtained while changing
--ltational speed of the pump impeller, for dilferent characteristic curves of the pump system.

l. Inflrrence of tlre Setting Angle of Prerotation Guide Vanes on the Velocity Distribution
in the Pump §uction Pipe

The liquid flowing to the impeller was rotated by means of an appropriately
:onstructed vane guide. In order to determine the effectiveness of the influence of the
guide ńng on the flow, the velocity distribution§ were measured using type Skk-lO
:all sensors. Arrangement of the sen§ors and position of the guide ring relaiive to the
:ump impeller are shown in Fig. 1. Measurement§ were made for a range of pump
:ischarges and differing impeller speeds.

Fig t. Arrangement of the prerotation guide and §en§ors
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Fig.2. Angle of rotation of liquid u:f{Q) for constant sensing radii R, R'. Angle olprerotation głrur

dt = 30"

Fig. 3. Angle of rotation of liquid d : ftq r"."::.:$".ensing radii R, R'. Angle of prerotation gunr

Detailed curves obtained from the measurernents [1l allowed to draw comprehlni
sive diagram§, two examples of which are given in this paper (Figs 2 and 3). They presnm
the angle a between the absolute velocity vector and the plane passing through :n
pipeline axis as a function of the flow intensity. The curve§ obtained were drawu ir
di{Terent constant §en§ing radii R, R'. The prerotation guide ring setting an8!e ą
assumed a positive value when rotation generated by the guide ring had the sa-ru
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Fig. 4- Angle of rotation of liquid a : ftb for con§tant śensing radii R, R'. Guidę di§mounted

:ig. 5. Angle of rotatton of liquid a:f{8) for constant sensing ra<lii R, R'. Plane of measurement beiole
the guide

lirection as the direction of the impeller rotation and the value wa§ negative for the
rpposite direction. Thd pump ratings were: 0,, : 0.17 m3/§, llo : 16 m, no : 975 r.p.m.
For comPari§on, similar curve§ obtained with dismountd guide ring are shown in
Fig. 4. Also velocity distributions in a plane situated before tńe guide węre measured.
llhis allowed evaluating the character of the flow before it was disturbed by the vanes
:i ihe prerotation device (Fis._ 5).
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Analysis of thę detailed curves presented in [1] and of §ummary curves allows :i
formulate §ome general conclusions.

a) Setting the guide ring at an angle dk cause§ rotation of the liquid dęliveręd to ur
pump impeller, the angle between the absolute velocity vector,of the liqtid and nt
plane passing through the suction pipe axis approaching the angle an.

b) In each case testedo natural prerotation appeared in the area between t]:

pump impeller and the guide ring. The time at which it appeared depended onl1 m

a small degree on the setting of the guide vanęs and corresponded to the flow intens.

ty Q :0.7 Q,,This value did not change significantly also when the guide ring *,łs

dismountęd. Therefore, the effectivęness of a guide ring is limited to a relatively narr;,*

range of flow intensities.
c) As it appears from Fig. 5, natural prerotation does not propagate beyond l-

plane in which the guide ring was installed. This suggests that the guide ring exr:r
a screening influence and brings order into the {low.

2. Influence ot the Preliminary Rotation Angle on the Pump Characteristics

Energy męasufements performed for the pump [2] allowed to plot its llon
effrciency and power characteristics. They are pres€nted in Figs 6, 7,8-

The curve marked BK was determined for a pump without a prerotation gur,t
ring. The efticiency hill for prerotational control is shown in Fig. 9. The curves a::

drarvn in a dimensionless coordinate §ystem.

H
t-l

Fig. 6. Characteristics Ił = f(Q| for different gurde angles at constant sp€ed n = 975 r,p.m.
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Fig.7. Curves ry:J(Q) for dillerent guide setting angles at n:9'l5 r,p,m.
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Fig. 8. Curves P = !(Q) for different guide setting angles at n :975 r.p.m.

To make possible the analysis of the pump operation together with a pipeline,
also several curve§ characterizing the pipeline are drawn in the diagram. They differ
bet'ween each other by the participation of the geometńcal delivery head in the total
head HrlH. \

The curves had such a shape that their working point was situated at pump dis-
charge 8 : C.8 Q,,1.0 Q^ and 1.2 Q, (valve opening ay a2, ag\.

Pump shaft power curve§ obtained for such characteristics are shown in Fig. l0.

.a',

,a-;ź

*f,{ _--

--a; ł
-\-- -J-



248 k. Źochowski
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Fig. 9. Efficiency hill for prerotational control at 975 r.p.m.

Fig. l0. Pilmp shaft power for prerotational,nfi::::iil* speed control for different pump systgm

ap a2, a3 guide opening, 7o thlottle 8ovemin& Pc - prefotational control, §c -- spe€d 8overning

For compari§oą corresponding curves for speed and throttle governing are al§o shown
From the comparison 9f the obtained curves with the chąracteristics of a pump

without a prerotation del.iĆe the following conclusions may be drawn.

D

,n
LbJ
10o

,li? sn

ł:"'-/."ł § izl



on the use of prerolational control...

a) providing the pump witĘ a prerotation guide ring result§ in a vbry small

decrease of maximurn efliciency (1%), with simultaneous flattening of the curves and

shifting of the maximum efficiency point.
b) Prerotational control is characterized by a relatively narrow range of changes

of the pumpworking point. However, it is wider than suggested by available litęra-
ture [3] and equal b taĄ5Yg QlQ,, depnding on the characteristics of the pump

system. The flatter the curve, the wider is the range of prerotational control.
c) The pump shaft power changes during control through prerotation in a way

depending on the pipeline characteristic (ratio H,{H)) and on the working point po-

sition. At certain positions, e.E Q:1.2 Q,o, it, is possible to obtain smaller power

I r:onsumption by the §ump than during speed governĘ. The power saving of ż-6Y.

l obtained then is attainable within a fairly narrow range of discharges. Bmause of this,

I a prerotatiónal control of this type of pump§ may be useful.in exceptional cases only.

l

l
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'ilil;;roi 
.r_ęr"l przedstawia sĘ zależność rozkładu prędkości w rurze ssawnej przed i zawlotową

I wrownicą łopatkową od kąta na§tawienia łopatek. Wykazano, że w obszarze między kierownią a wirni-

I mm występuje silne naturalne zawirowanie w§tępne niezależne od ustawienia łopatek kierownĘ wlo-

l "*.i To naturalne zawirowanie wstępn€ ogranicza skuteczność działania kierownicy do wąskiego prze-

l a"fu natężęń przepływu. Nie obserwuje się jednak naturalnej prerotacji przed kierownicą wlotową, co

l nodzi jej własności ekranujących,

l W drugiej części artykułu omawia się wpływ połozenia regulatora (k4ta ustawienia łopatek) na ksztaft

! ol-akterystyk pompy mierzonych przy staĘ prędkości obrotowej. Pełne charakterystyki pompy dla

! rmlych położrń re8ulatora oraz przykładowe krzywe §trat w rurze ssawnej umoŻliwiły okreŚlenie zakresu

l cglacji prerotacyjnej. Wykazano, żę zakręs ten zależy od charakterystyk §trat w rurze i moze dochodziĆ

!-*Łft 
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lloł"ernocrs npepoTauilounofo peryailpoBannn pacxoAa HacocoB cpelneń, 6ucTpoxoAnocTll

Perrcue

B pa6ore.npeacTaBleHbt HeKoTopbre pe3yJlbTaTH llccJreAoBaHil, npepoTauro}rnoro pęryflu
HacocoB xapa(Tepr3rłpytoufixcf roe,SQxuueurolł 6uIcrpoxoAlłocTrł paBHbIM oxo.no 50.

B nepnofi qacTr npe1cTaB,JreHa 3aBuc}lMocTb pacnpeA€neHrł, cropocT}r no pcacr,lsa}orqeil

nePe:"l il 3a BXO/tHbtM .;1OnaTqqHr,lM HnfiPdB;lfrOilł}lM annaPaTOM OT Yraa YgI'aHOBKl{ nOnaTOK.
jHBaeTcr. tlTo Bo BcacblRarotueft rpy6e nrrcrynact crł,rrHoe. HaTypanbHoe. BcTynnTeflbHo€ 3a

Hc3aBHcrlMoc oT ycTaHoBKt4 .nonaTo( BxoAHoro HanpaBIrroulero annapaTa. He xa6,rpłaercr
HaTypa-lbHa' npepoTaufifl nepeA BxoAHbIM HanpaBJT rroturrM anflapaToM. qTo norarr,tnaer Ha eĆ

pylolll1.1c csoilcrga.
Bo sropofi qacTrł cTaTbIł o6cyxłaercr BnłrHlłe flo;-toxeHtłf peryJrrTopa (yr;ra ycraHosrrł lona

Ha $opuy xapaxTepncTrlK Hacoca, H3MepreMHx npil nocTonHHofi cxopoctlł BpalueHrłr. flołHtte
plłcTfirfi Hacoca JUl, pa3n[qHbtx noloxeunń peryxrTopa. a TaKxe npHMepHHe rprłBHe noTepb Bo

cuaarotueń rpy6e no:ao,rn.;ril onpeAeJrHTb Anana3oH hp€poTaurłoH§oro peryJ,tllpoBanrłn. ĄorasaHo.
]ToT /..lr.tana3oH 3aBrłcHT oT .xapaxTepucTnr noTepb r rpy6e u MoxeT AocTrłraTb 3naqenu' Aaxc
l5'|o Q,. 1,1r rHepreruvecrrx xapaKTepHcTHK cjleflyeT. qTo npn pacxoAe Q> Q, Moxxo
MotllHocTb npilBoAa nprMenrfl npępoTaurroHHoe perynłponbnile BMecTo ll3MeHenn' cropocT}l


