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KAZIMIERZ ZOCHOWSKI

Katedra Turbin Wodnych i Pomp Politechniki Gdariskiej (Department of Water Turbines and Pumps of the Technical University of Gdansk)

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
speed 50), using prerotational control, are presented. The influence of the used prerotation guide ring on
the velocity distribution in the inlet pipe of the pump is examined. Pump characteristics obtained for this
type of adjustment are presented and compared with adjustment characteristics obtained while changing
wotational speed of the pump impeller, for different characteristic curves of the pump system.

L Influence of the Setting Angle of Prerotation Guide Vanes on the Velocity Distribution
| in the Pump Suction Pipe

The liquid flowing to the impeller was rotated by means of an appropriately
constructed vane guide. In order to determine the effectiveness of the influence of the
guide ring on the flow, the velocity distributions were measured using type Skk-10
sall sensors. Arrangement of the sensors and position of the guide ring relative to the
pump impeller are shown in Fig. 1. Measurements were made for a range of pump

' discharges and differing impeller speeds.
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~ Fig. 1. Arrangement of the prerotation guide and sensors
LR sensing radius, PG prerotational guide. MP1  measurement plane before the guide, MP2  measurement plane behind the guide,
Pl pump impeller
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Fig. 2. Angle of rotation of liquid « = f(Q) for constant sensing radii R, R’. ‘Angle of prerotation
o, = 30°
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Fig. 3. Angle of rotation of liquid « = f(Q) for constant sensing radii R, R'. Angle of prerotation
o = —30°

Detailed curves obtained from the measurements [1] allowed to draw comp
sive diagrams, two examples of which are given in this paper (Figs 2 and 3). They p
the angle « between the absolute velocity vector and the plane passing through
pipeline axis as a function of the flow intensity. The curves obtained were drawn
different constant sensing radii R, R’. The prerotation guide ring. setting angle
assumed a positive value when rotation generated by the guide ring had the
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Fig. 4. Angle of rotation of liquid « = f(Q) for constant sensing radii R, R’. Guide dismounted
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Fig. 5. Angle of rotation of liquid « = f(Q) for constant sensing radii R, R". Plane of measurement before
: the guide :

direction as the direction of the impeller rotation and the value was negative for the
opposite direction. The pump ratings were: 9, = 0.17 m3/s, H, = 16 m, n, =975 r.p.m.
For comparison, similar curves obtained with dismounted guide ring are shown in
Fig. 4. Also velocity distributions in a plane situated before the guide were measured.

This aliowed evaluating the character of the flow before it was disturbed by the vanes
 of the prerotation device (Fig. 5). - . ‘ :
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Analysis of the detailed curves presented in [1] and of summary curves allows &
formulate some general conclusions.

a) Setting the guide ring at an angle o, causes rotation of the liquid delivered to the
pump impeller, the angle between the absolute velocity vector -of the liquid and e
plane passing through the suction pipe axis approaching the angle «,.

b) In each case tested, natural prerotation appeared in the area between the
pump impeller and the guide ring. The time at which it appeared depended only =
a small degree on the setting of the guide vanes and corresponded to the flow intenss
ty Q = 0.7 Q,. This value did not change significantly also when the guide ring was
dismounted. Therefore, the effectiveness of a guide ring is limited to a relatively narrow
range of flow intensities.

¢) As it appears from Fig. 5, natural prerotation does not propagate beyond the
plane in which the guide ring was installed. This suggests that the guide ring exers
a screening influence and brings order into the flow.

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

Energy measurements performed for the pump [2] allowed to plot its flow
efficiency and power characteristics. They are presented in Figs 6, 7, 8.
The curve marked BK was determined for a pump without a prerotation guide
ring. The efficiency hill for prerotational control is shown in Fig. 9. The curves am
drawn in a dimensionless coordinate system.
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Fig. 6. Characteristics H = f(Q) for different guide angles at constant speed n = 975 r.p.m.
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Fig. 7. Curves n = f(Q) for different guide setting angles at n = 975 r.p.m.
P
[kW]

20
005 o1 015 Q [m¥s]

Fig. 8. Curves P = f(Q) for different guidé setting angles at n = 975 r.p.m.

To make possible the analysis of the pump operation together with a pipeline,
also several curves characterizing the pipeline are drawn in the diagram. They differ
between each other by the participation of the geometrical delivery head in the total
head H,/H.

The curves had such a shape that their working point was situated at pump dis-
charge 0 = 9.8 Q,, 1.0 0, and 1.2 Q, (valve opening a,, a,, a;).

Pump shaft power curves obtained for such characteristics are shown in Fig. 10.
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Fig. 9. Efficiency hill for prerotational control at 975 r.p.m.
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Fig. 10. Pump shaft power for prerotational, throttling and speed control for different pump system

 characteristics
ay, a,, a - - guide opening, TG - throttle governing, PC — prerotational control, SG — speed governing .

For comparison, cbrresp‘onding curves for speed and throttle governing are also shown.
From the comparison 9f the obtained curves with the characteristics of a pump
without a prerotation device the following conclusions may be drawn.
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a) Providing the pump with a prerotation guide ring results in a -.y'ery small
decrease of maximum efficiency (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 pump. working point. However, it is wider than suggested by available litera-
ture [3] and equal to 10-15% Q/Q,, depending on the characteristics of the pump.
system. The flatter the curve, the wider is the range of prerotational control. .

¢) 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.g. Q=12 Q,, it is possible to obtain smaller power
consumption by the pump than during speed governing. The power saving of 2-6%
obtained then is attainable within a fairly narrow range of discharges. Because of this,
a prerotational control of this type of pumps may be useful in exceptional cases only.
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Uzytecznos¢ prerotacyjnej regulacji Wydatku pomp o $rednim wyrézniku szybkobieznosci

Streszczenie

W pracy podaje si¢ nicktore wymkl badan regulacji prerotacyjne] pomp o wyrdzniku szybkobieznosci
wwnym okoto 50.

W pierwszej czgsci przedstawia sie zalezno$é rozkladu predkosci w rurze ssawnej przed i za wlotowy
werownica fopatkowa od kata nastawienia lopatek. Wykazano, ze w obszarze migdzy kierownicg a wirni-
te=m wystgpuje silne naturalne zawirowanie wstgpne niezalezne od ustawienia fopatek kierownicy wlo-
‘wwwej. To naturalne zawirowanie wstepne ogranicza skutecznos¢ dzialania kierownicy do waskiego prze-
tmatu natezen przeplywu. Nie obserwuje si¢ jednak naturalnej prerotacji przed kierownica wlotowa, co
sowodzi jej wlasnosci ekranujacych.

W drugiej czesci artykulu omawia si¢ wplyw polozenia regulatora (kata ustawienia lopatek) na ksztalt
sarakterystyk pompy mierzonych przy stalej predkosci obrotowej. Pelne charakterystyki pompy dia
wanych polozen regulatora oraz przykladowe krzywe strat w rurze ssawnej umozliwily okreslenie zakresu
weulacji prerotacyjnej. Wykazano, ze zakres ten zalezy od charakterystyk strat w rurze i moze dochodzi¢
mwet do 15% Q,. Z charakterystyk energetycznych wynika, ze przy wydatku Q > Q, mozna obnizy¢
moc napedu stosujac regulacje prerotacyjna zamiast zmiany predkosci obrotowej
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TMo.1€3H0CTHL NMPEPOTANHORHOrO Pery.IHPOBANHMS PACXO0/Ia HACOCOB CpeHeil
: ObLICTPOXOAHOCTH

Pestome

B pabGote npeacTaBieHbl HEKOTOPbIE PE3yJIbTATHl HCCICTOBAHMS NPEPOTALMOHHOIO PEryIMpOBaENS
HACOCOB XAPAKTEPU3UPYIOLINXCS K0P DHIMeHTOM ObICTPOXOAHOCTH paBHbIM OKkoJio 50.

B nepBoi 4aCTH MpEACTABIEHA 3ABUCUMOCTH DACHPE/IEieHHs CKOPOCTH BO BCACHIBAOIICH Tpy&e
nepe/l ¥ 34 BXO/IHBIM J10NMATOYHBIM HATIDABISIOUINM ANIAPATOM OT yriia yci"auqsxu JonaTtok. Jdows
3BIBAETCA. YTO BO BCACHIBAIOLLECH TpyOe BbICTYNACT CHIAbHOE, HATYPAIbHOE, BCTYNUTEILHOE 3aBUXPEHME.
HC3ABUCMMOC OT YCTAHOBKM JIOMATOK BXOAHOrO Hampasasiouiero annapara. He nabmonaercsa oasass
HATYPATbHAS NPEPOTALINA NEPEl BXOAHBIM HANPAB/AIOUIMM ANTAPATOM, YTO MOKA3BIBACT HA €€ JKpask
pYIOIIHC CBOMCTBA.

Bo BTOpOIi 44CTH CTaTby 00CYXAA€TCSA BAUSHUE MOIOKEHUS PETYAaTOpa (Yrj1a YCTAHOBKH JIONATOR
Ha (hOPMY XaPAKTEPUCTHK HACOCA, H3IMEPAEMbIX TPH MOCTOAHHOM CKOPOCTH BpalleHus. [TosHbie xaparms:
PUCTHKM HACOCA JUTA PA3JMYHbIX MOJIOXKEHHI PEryasaTopa, a TaKKe NMPUMEPHBIC KPUBBIC NOTEPb BO B&&
chiBatollieit TpyGe NO3BOIUIN ONPEAEIHTb AMANA30H PEPOTALMOHHOTO perynposanus. [lokazano, sae
ITOT /INANA30H 3aBUCUT OT XaPAKTEPUCTUK MOTEpb B TPyOe M MOXET JOCTUIaTh 3HAYEHUS JaXe I
15% Q,. U3 JHepreTiecKux XapaKTEPHCTHK CJIEAYET, 4To mpH pacxoae @ > @, MOXHO yMEHb
MOIIHOCTb NPUBO/d MPUMEHAS IPEPOTALMOHHOE PETYIMPOBAHHE BMECTO H3MEHEHUA CKOPOCTH BPALICHES




