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ANDRZEJ LOJEK

mstytut Maszyn Przeptywowych PAN w Gdansku (Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Gdarisk)
Influence of Prerotation on Impeller Pump Operation

Susing on a model of one-dimensional flow, the influence of prerotation on conditions of liquid
W = high-speed pump impellers is determined. The effects of prerotation influence on pump operation
limed in this way have been compared with the results of experimental tests concerning free and forced
: arerotation. Influence of prerotation, generated in different ways, on energy-related, cavitation and
sustic pump properties is characterized. The so-called prerotational by-pass jet device is presented,
ui mproves operating conditions of pumps controlled through forced prerotation. :

Nomenclature.
— vibration acceleration U — peripheral velocity
— flow velocity B, o — angles
— diameter 4h,,, — dynamic depression of pressure
— area 4h,, — hydraulic loss in the by-pass
— acceleration of gravity AH, — pressure difference in the flow
— head of*pump : Ap — pressure pulsations
— prerotation intensity (., L, — hydraulic resistance coefficients
— net positive suction head n — efficiency .
— power shortage coefficient o — suction delivery number
— discharge : ® — angular velocity of impeller
— radius .

Subscripts:

— before inlet
— at inlet . n - — rated
— at impeller outlet kr — critical
— concerns streamlines a;, a, r — required
— concerns streamlines b,, b, av — available
— meridional k — vane
— circumferential S — suction pipe
— hydraulic uk — system
— theoretical : up — by-pass

1. Conditions of Flow Upstream of the Impeller

b amgle B, of liquid streamline inflow is the same as inlet angle B, of the blade, i.c.
. Such inflow conditions can be ensured for different pump operation states
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Fig. 1. Velocity triangles at impeller inlet Fig. 2. Theoretical characteristics ot a high-s

pump impeller
(Fig. 1), providing that together with a change of discharge Q (meridional compon
“Com of flow velocity) a corresponding change of prerotation — liquid swirl befi
the impeller inlet — will occur. The ratio of the circumferential component C,,

flow velocity and the impeller peripheral velocity U, may be used as a measure
prerotation: :

-

k= C,,/U,.

Constant direction of liquid inflow at the impeller (8, = f, = const), maintain
“uniform C,,, distribution, is ensured by prerotation of intensity: :

k=J10)=1-0/0, =
k = f(r) = KCOua/Ula = COub/Ul-b = const.

High-speed pump impellers with blades ot three-dimensional curvature and ou
edges inclined to the axis of rotation are in most cases designed in such a way

at the assumed axial inflow of liquid the delivery head attains a constant value al
the blade edges: ' -

 H,=H/n, = const.

This state concerns the design operation pomnt ot the pump (point N in Fig
With pump discharges differing from the rated value (Q # Q,), the pump heads
different for each streamline. Taking into account the relationship resulting

velocity triangles, and assuming k as a measure of prerotation, the theoretical
head can be expressed by:

g d, \? 1
Ol baah __1> . ]
" gl+4p 2[ (dz UzetgﬂzQ'

In case of unrotated flow on the suction side (k = 0), the difference of heads |
the pump discharge Q amounts to: :
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H,—Hy = (A—B)(l —g:) ‘ 0]

Wwmbols A and B are explained in Fig. 2).
When flow on the suction side is prerotated (k # 0), then one can write on the basis

il Sormula (5):

= _g d,. dyy :
m-ta=-n(i-g)-[ )o@ o

% results from (7) that the state in which condition (4) is fulfilled may be also
wmed when Q # Q,, provided that the liquid has an appropriate prerotation.
hersfore, if e.g. the prerotation intensity on streamline a,a, is k, = 1—0/Q, (in
sdance with formula (2)), then for streamline b, b, it should be

Sl o
k,={1—-——=])<= —1{+1,{-——]). (8)
% ( Qn B d2a dlb
Soproximately, it may be assumed that in impellers with axial flow (propeller

Wumps) the streamlines lie on parallel surfaces. Therefore:
dyo/dra = dyp/dyp = 1. ‘ )

il sebstituting (9) into (8): ,
ky, = 1-0/0, (10)
2 - means that if the propeller pump impeller generates prerotation of intensity
Mumibed by formula (2) and uniform on all streamlines (formula (3)), then also
\wmeration states differing from the rated state the impeller will attain an equal
Wl ) head along the blades and the proper direction of inflow will be main-
@ “mpact-free inflow: B, = f; = const).
“ur an impeller with mixed flow of liquid (diagonal pumps):

dig/dy, # dyp/dyy < L (11)

| W s case, as results from equation (8), prerotation necessary to fulfil condi-

' = different from the one required to ensure proper conditions of supply to

-"llmmm::]m (equation (2)). This means that in order to ensure proper conditions
@ Sow through a diagonal pump impeller, prerotation of unequal intensity

P sreamline may be more appropriate.

. e 2t positive suction head NPSH, required for cavitationless pump operation
iy oo structural parameters of the impeller and on flow parameters which

mue the so-called dynamic depression of pressure, defined by the formula (5):

2
Ahgye = %;—[(cc+cw)(<p:+k2)+cwe1—2k)]. i

W= @, = const, 4h,, is minimum at prerotation of intensity:
b .

kopt — Z::C—;. (13)
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Taking into account that the value of ¢, changes with varying prerotation intess
sity in such a way that N ,

Ps = Clm/Ul o COm/Ul = (1 —k) tgﬂl’
formula (12) may be written in the form:

ljl2 {Cc'i'cw

A = 14
W2y cos?B; (

In this case the optimum — regarding cavitation — value of the prerotatie
intensity (at which Ah,y, is minimum) is defined by: v

K2+ [C+ )t By +,1(1 —2k)}-

et b

It should be stressed that in both cases k,p, is defined assuming that {,, = com
and {, = const. This assumption is not strictly correct, because the values of coefis
cients {,, and {, depend, among others, on prerotation [3,4]. Therefore in realis

the value of optimum prerotation may be different from the values obtained fros
(13) and (15).

kopt = Sinzﬁl +

€os P, S .

2. Free (natural) Prerotation

The presence of the so-called region of characteristic discontinuity is a significz
feature of high-speed pump flow characteristics. This region has a definite inflexios
(bend) or depression. The curve H = f (Q) shows a sudden change of the characss
of flow through the impeller, connected with a sudden generation — at some ¢z
tical discharge Q,, — of a strong, free prerotation induced by the impeller (Fig. 3
At Q > Q,, the liquid flows to the impeller with a small whirl (k = f(r) = const). Wi
decreasing discharge the angle of incidence Bo becomes smaller (k = f(Q) # 1 —Q/0%
It may be supposed that the resulting impact of liquid at the impeller inlet is &
reason for flow instability and for the increased pressure pulsations and pump vibse
tions (Fig. 4). At Q = Q,, = 0.6 O, streamlines separate from the blades. At the sz
value of NPSH,, as for Q > Q,, cavitation appears on the passive side of the blads
Prerotation intensity suddenly increases (Fig. 3). At Q < Q,,, with increase of pre:
tation near the suction pipe wall (k = f(r) = const), direction of the liquid i
changes in the centre part of the impeller in such a way that the angle of incidence &
becomes nearer the blade inlet angle B,. In this state of work, pressure pulsation
become slightly smaller and pump vibrations decrease (Fig. 4). However, the flow
not stable and energy losses increase with decreasing discharge.

Variability of free prerotation is different from the one described by equatio
(2) and (3). For partial loading of the pump, at Q,, < Q < Q,, its intensity is tos
small to ensure impact-free inflow. Prerotation increases only at Q < Q,,. It is rathes
an effect than a cause of flow separation from the blades. :
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3. Forced Prerotation

Prerotation is utilized for controlling pump operation parameters, especially of
wzh-speed pumps. In this case, as opposed to free prerotation, the prerotation is
“irced by additional devices installed at the pump inlet. These are mainly the so-called
arerotation guide rings, provided with adjustable blades for generating required
“anges of angular momentum of liquid before entering the impeller. So-called pre-
wtational by-pass jet devices (Fig. 5) are a new solution. There angular momentum
W zenerated before the inlet to the impeller by vanes and a by-pass jet (devices I and II)
%] or with a by-pass jet only (vaneless devices I [7].

Prerotation guide-rings with straight guide vanes — with constant angle of
“mciination 6, along the vane — generate prerotation of intensity

k= f(r) # const

k= f(Q) #1-0/0, (see Fig. 6a).
Therefore the angle of incidence B, changes during prerotation control. These
Wunges are large, especially near the impeller hub, and are larger than during throttle
pverning. With growing prerotation also pressure on the suction side decreases.
“ese disadvantageous changes of flow on the suction side result in deterioration
' emergy and cavitation properties of the pump, and limit the permissible range
' orced prerotation intensity, and therefore of prerotation governing itself.
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Fig. 5. Prerotational by-pass jet devices
1 — pump, 2 — prerotational by-pass jet device, 3 — suction pipe, 4 — delivery pipe,
5 — by-pass pipe, 6 — valve; @ — main stream, b - by-pass jet. ¢ — spiral casing, d — gap
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Effectiveness of the influence of prerotation on the pur'np properties depends not

iy on the method of prerotation forcing but also on the conditions of pump operation.

| “unditions of flow in the pump controlled with a prerotation guide ring are best when

% pump operates in conjunction with a pipeline of very small hydraulic resistance,

“=ause prerotation necessary for attaining the required change of pump discharge is
P msnively small. _ :

‘a guide ring and by-pass jet prerotation devices the prerotation is forced mainly

. W e guide vanes. The by-pass jet, supplied to the suction area through hollowed

- Waes (device I), gives only small changes of velocity and pressure distribution before

. = mmpeller. Therefore changes in the energy and cavitation curves of the pump
PESe 7) are small. :
\

12 = i
§=30¥
S 220"
08 =
. T Cavitation curves of a pump controlled by means of 6 rz 7 3 g
W 10 ~ 0, = const; continuous and dashed lines corre- ’

spond to @, = 0 and Q,, = 12%, respectively) NPSHav[m] .

"% increase of the liquid angular momentum and decrease of pressure in the
e of the suction pipe are disadvantageous. This can be avoided by using short
uwmum: vanes and leading the by-pass jet mainly near the wall of the suction pipe.

“here is also no significant change of the pump characteristics when the by-pass jet -
opiied centrally through a nozzle placed before the prerotation guide ring (device II)
(W rge distance from the impeller (about 4.5 dimp; dimp — diameter of the impeller). -

~arge changes occur when the distance between nozzle and the impeller is small
Wt 1 d,,,,). The impeller supply conditions become better, the head and efficiency
WS pump improve, and therefore even the efficiency of the pump system increases*
Wig % [1]. Supply to the impeller by means of an additional by-pass just results

# W mcrease of pressure on the suction side. The obtained pressure increase is
Wit because of the small dynamic pressure of the by-pass jet and small intensity
"W Sy-pass liquid flow**,
= vaneless devices (III) prerotation is forced by means of a by-pass jet supplied
wen a supply spiral (Fig. 5). The by-pass jet is supplied tangentially to the main

-

e efficiency of a pump system is described by formula:

4h
Nk = (1 —'gQE #)"

jlimemds on energy losses caused by the by-pass jet (Qup4h,,) and on the conditions of pump ope-
'\l A, 1) during the adjustement.

e by-pass liquid flow rate Q. is limited because of pump system efficiency. The value of

ISimie peessure of the by-pass jet depends on the pump delivery head; it is small because of the relatively
“liwery head of high-speed pumps. .
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Fig. 8. Flow and efficiency curves for a pump Fig. 9. Change of flow and efficiency curves of
system with a propeller pump controlled by a diagonal pump under prerotation forced by
means of device I1 a by-pass jet

stream and perpendicularly to the direction of flow, and it generates prerotation
mainly near the wall of the suction pipe (Fig. 6). A small decrease of pump efficiency
(Fig. 9) proves that correct conditions of flow through the pump are maintained.
Small changes of pressure on the suction side do not create a danger of cavitation
If cavitation appears in the pump for other reasons e.g. because of a decrease of the
inflow head, then the dynamic influence of cavitation on the pump can be reduced by
leading the by-pass jet to the suction side [2]. Therefore when the required changes
of the pump hydraulic parameters fall within a narrow range* (narrow range of controli
this is an advantageous 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-pass jet devices, the level of
vibroacoustic phenomena accompanying pump operation becomes lower.

4. Conclusions

Prerotation of appropriate intensity, suited to the pump loading, improves conds
tions of flow through the impeller and affects favourably the energy, cavitation
vibroacoustic properties of the pump. Effectiveness of the prerotation influence
pump operation depends on the method of prerotation generating.

Prerotation guide rings with straight vanes generate prerotation which, especi
at high intensity, does not ensure optimum conditions of liquid flow. Therefore,
range of prerotational control is rather narrow and cannot be widened by intensifyi
the prerotation.

The operation of prerotation guide rings can be improved by acting on the fl
on the suction side with an additional by-pass jet (vane and by-pass jet prerotats
devices).

* In this case the intensity of forced prerotation depends exclusively on the by-pass liquid flow
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When the control range is narrow, the prerotation guide rings may be replaced
»v a vaneless by-pass jet prerotation device, which generates prerotation with
: by-pass jet exclusively. The simple structure, and especially lack of moving parts,
= the advantage of these devices.
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Whplyw prerotacji na prace pomp wirowych
Streszczenie

Mz podstawie modelu przeptywu jednowymiarowego okresleno wplyw prerotacji na warunki prze-

il cieczy przed wirnikiem. Stwierdzono, e prerotacja moze zapewni¢ bezuderzeniowy naplyw cieczy
W wepetki (B, = B,) i jednakowa wzdluz krawedzi wylotowej lopatek wysoko$¢ podnoszenia (wzor 4)
ume =mniejszyé dynamiczna depresj¢ cisnienia (wzory 12 i 14). Jej natezenie (wzor 1) powinno by¢ do-
Wmewane do stanu obciazenia pompy (wzor 2). W pompach $miglowych (wzér 9) powinna to by¢ pre-
. e o natezeniu jednakowym na poszczegolnych liniach pradowych (wzor 3), natomiast w pompach
v(Mﬂl’””ﬂ..L"‘vCh (wzér 11) bardziej odpowiednia moze by¢ prerotacja o natgzeniu niejednakowym (wzor 8).
Weemie prerotacji optymalnej ze wzgledu na kawitacje okreslaja wzory (13) i (15).
Jwiz; opisano przebieg prerotacji swobodnej, indukowanej przez wirnik. Stwierdzono, iz jej nat¢zenie
e werasta dopiero przy wydajnosci mniejszej od krytycznej @y, (rys. 3), kiedy dochodzi do oderwania
W& e cieczy od lopatek i pojawia sie kawitacja. Mimo Ze przy Q < Q,, zmniejszaja si¢ pulsacje cisnie-
. irgania pompy (rys. 4),przeplyw z silna prerotaqq jest niestabilny i odbywa si¢ z duzym1 stratami
MRy CZn Y M,

Wastepnie scharakteryzowano wplyw roznie wymuszanej prerotacji na warunki przeptywu cieczy na
Smie -« ma wlasnodci energetyczne, kawitacyjne i wibroakustyczne pomp. Wykazano, ze kierownice
| lmelemi prostymi wytwarzaja prerotacje, ktora nie zapewnia optymalnych warunkow przeptywu.
e weozledu zakres dopuszczalnych zmian nat¢zenia prerotacji (zakres regulacji) jest ograniczony.
Smisawiono tzw. urzadzenia prerotacyjno-upustowe (rys. 5), w ktorych prerotacj¢ wymusza si¢ za
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pomoea fopatek i strumienia upustowego (urzadzenia I i II) lub tylko za pomoca strumienia upustows
(Urzqa'zk’%énie III). Stwierdzono, ze dziatanie kierownic prerotacyjnych mozna polepszyé poprzez oddziate
wanie na przeplyw cieczy na ssaniu dodatkowo strumieniem upustowym (przyklad .na rys. 8).
nieduzym zakresie regulacji korzystne jest wymuszanie prerotacji za pomoca strumienia upustowes
(urzadzenie III). Tak wymuszana prerotacja (rys. 6b) powoduje niewielkie obnizenie sie sprawnosci pom
(rys. 9). Niewielkie zmiany cisnienia na ssaniu nie stwarzaja niebezpieczenstwa wystapienia kawitag
Zaleta urzadzen bezlopatkowych III jest prosta konstrukcja, a w szczegblnosci brak czesci ruchomye

Bimsinne npepotaimu Ha paGoTy JIONACTHLIX HACOCOB
Pesome

B paszese |1, Ha ocHOBe MOJENH OTHOMEPHOTO TEYEHHS!, ONPE/IENIEHO BJHSHUE IPEPOTALIUH HA Vi
BUSl TEUCHHUS XHUJIKOCTH Iiepex poTopoM. OGHApYKEHO, YTO MPEpOTALU MOXKET obecreuaTs Ge3ynapes
HaTEKAHKE XKMOKOCTH Ha JonaTtku (B, = f) U OXMHAKOBLIN HATIOP BIOJb BHIXOAHOU KPOMKH JIONA
(bopmyaa 4), a TakKe yMEHBUIMTD JUHAMHUYECKYIO [IENpeCccHIo nasjenns (dopmyst 12 u 14). Eé u
CHBHOCTb JOJDKHA GBITb IIPHUCHIOCOGIIEHA K COCTOSAHMIO Harpy3ku Hacoca (bopmyina 2). B nponesuieps:
Hacocax (opmyaa 9) J0HKHA 5TO OBLITH NMPEPOTAIMS XaPAKTEPU3YIOIIALCH OJWHOKOBO HHTEHCHBHO
Ha OT/EJILHBIX JIMHUSX ToKa (GopMmyiia 3), a B iuaroHanbHBIX Hacocax (hopmyna 11) Gonee cooTser
Iouledl MOXeT ObITh NpPepoTallusi HEOAUHAKOBOM MHTEHCUBHOCTH (Popmyna 8). MHTEHCHBHOCTD Tpep
TAIUH, ONTHMANBHYIO C Y4ETa HA KaBUTALMIO, ONPENEIISIOT tdopmyinsr (13) u (15).
B pasnene 2 onucan xox cBQOOAHOM NMPEPOTALMM, HHAYMPOBAaHHOH poTopoM. OGHAapYKeHO,
8 MHTEHCUBHOCTb CHJIBHO BO3PACTAET JIMLIb TIPH PACXOZE MCHBIIEM OT Kkpuruyeckoro @, (puc. 3), ke
HPUXO/UT K OTPbIBAM CTPYH XHAKOCTH OT JIONATOK U IOSABJIECHUIO KaBuTanuu. HecMoTps Ha TO, 9TO &
0 < Q,, YMeHbIUAIOTCs MYJILCAIMN IaBJICHUS H BUOpauuu Hacoca (pwuc. 4), Te4yeHHE C CHIILHOM NIPEPOT
LHEH SBJISIETCS HEYCTOWYUBLIM M TIPOHCXOAHUT C GOJBILMMMU 3HEPTETUYECKUMH TIOTEPSIMH.
B paszene 3 XxapakTepusyercs BIHSHUE IO PA3HOMY BBIHYKA€MO¥ NPEPOTALAH HA YCIOBHS TEUeE
JKHAKOCTH Ha BCACBIBAHMM U HA SHEPreTHYECKHE, KABHTALMOHHBIE H BUOPOAKYCTUYECKHE CBOMCTBA Ha
coB. JIOKa3kIBAETCS, YTO HATIPABIISIOLIAE annaparhl ¢ NPOCTHIMM JIONIATKAMHU NIPOU3BOIST NPEPOTALE
KOTOpas He OOECTIEYMBACT ONTUMAJIBHBIE YCIIOBUs TedeHus. [1o 3ToMy TMOBOAY Tpeden AOMycKaes
M3MEHEHHI WHTEHCHBHOCTH [IDEpOTAIMH (npenen perynupoBanus) orpaHmuen. [IlpencTapne
T.Ha3. NPEPOTALMOHHO-OTOOPHBIE YCTPOHCTBA (PHC. 5), B KOTOPBIX NPEPOTALMS BHIHYXIETCS TPH
MOIUH JIONATOK ¥ OTOOpHOTO noToKa (ycTpoiicTea I u IT) uiv Tossko npu nomouy 0TGOPHOro NoTom
(ycrpoiicto III). OBnapyxeHo, 4TO AeHCTBHE NPEPOTALMOHHBIX HANPABISIOMMX ANNIAPATOB MOR:
YJYHIUMTh MYTEM BO3ACHCTBHS HAa TEYCHKE KUAKOCTH HA BCACHIBAHMM H06aBOYHO OTOOPHBIM MOTORS
(mpumep Ha puc. 8). [1pyu HeGoMBIIIOM TIpesieNe PeryJMpOBaHHs OJIE3HO BhIHYXAATh NPEPOTALHIO B
nomouu ot6opHoro mnoroka (ycrpoiicrso II1). Tak BeyxnéHHas npepotanus (puc. 6b) BLI3EIBAaET
6o7bi110e NOHIKERNE K.I1.A. Hacoca (puc. 9). HeGobliine U3MeHeHNs JABNCHNS HA BCACHIBAHUM HE CIll
COOCTBYIOT OMACHOCTH BBICTYNMAHUS KaBUTALMK. JJOCTOMHCTBOM O€3/10NATOYHBIX YCTPOMCTB SABIIS
NpOCTast KOHCTPYKIHS, 8 B OCOGEHHOCTH OTCYTCTBHE MOABMXKHBIX YaCTCHA.



