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ANDRZE) KORCZAK, JANUSZ LAMBOIJ

Instytut Maszyn i Urzadzen Energetycznych Politechniki Slaskiej, Gliwice
{Institute of Power Machinery and Equip of the Technical University of Silesiz, Gliwice)

Ribbing of the Internal Front Wall of a Centrifugal Pump
Casing as a Method for Axial Thrust Relief

This paper deals with the influence of internal front wall ribbing of a centrifugal pump casing on
Wi axial thrust. The test stand is described and the results of investigations of the relation between the
wa thrust and pump parameters on the ribbing of the casing front wall are presented. Also the results
3= measurement of the axial thrust and pump parameters with changed outflow from behind the
umpetier and afflux behind the impeller are aescribed. : :

1. Intrédﬁction

When designing multi-stage centrifugal pumps the method of balancing the
Wil thrust should be considered as an inseparable element of the pump hydraulic
Wwem significantly influencing the pump efficiency. One of the methods of balancing
Wi thrust consists in appropriate forming of the space between the casing walls
Wi mpeller discs aimed at increasing or decreasing the average angular velocity
W e rotating liquid. ' :

2. Axial Thrust as a Function of Specific Speed

i order to define the axial thrust, it should be assumed that:

“e pressure distribution at both sides of the impeller (Fig. 1) is axially symmetrical,

e average angular velocity of the liquid in spaces I and II remains constant,

Wewe exists an equality of pressures at radius r, in spaces I and II with static
= p,, at the impeller outflow. ; '

e axial thrust may be defined then by the formula:

ZFzFI_FII—"Fa_Fm'*_Fat : (1)
- %, Fyy denote forces resulting from pressure distributions in spaces I and I/

W% sudes of the impeller, F,, stands for the force caused by pressure at the impeller
. ", = a reaction caused by a change in liquid flow direction.
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. Fig. 1. Axial thrust components acting on the pump stage impeller set

The difference of forces (F; — Fy;) = F ; results directly from the formula (1)
and has the following form

= w? w?
Fiu=nm [I’rz("sz2 bk QHZTP ("22 = rs22)2 = 912—4"9 (r22 = rw"z)z] 2

where Q = o /o indicates the ratio of average angular velocity of liquid rotation
to angular velocity of impeller, p stands for the liquid density.

Assuming that because of the ribbing of the casing’s internal front wall Q,, =8
(which has been confirmed by measurements, of pressure distribution in space I

one obtains
2

. w «
(Fr,r1) 0, -0=5 [p. (rszz = "w12) — 912 TP ("22 = rwlz)z]' : (

By subtracting the corresponding sides of equations (2) and (2a) the compon
of axial thrust due to casing wall ribbing (Fig. 2) is obtained as

2
w
Fin— Fr,m) 0, 0 ”anTP(rzz = rs22)2

This component is directed opposite to the resultant axial thrust Y F.

The axial thrust Y F, acting on the pump stage impeller set may pe defined
the folowing formula, witch results from the dimensional analysis [2]:

Y F=KYQ2r)%
where: Y is the unit energy head of the pump (Y = gH), K stands for a coeffica
depending on the specific speed [3]:
K =2(n,,—25107>.

Formula (5) was obtained by calculating from formulae (1) and (2) the
thrusts for pumps with various specific speed, under assumption that Q; = Q;; =
and taking into consideration the dimensions typical for single stage pumps.

Putting (5) into (4) one obtains:

Y. F =2(n,;—25)Y(2r,)°p 107>,
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Fig. 2. Cross-section of the model pump [6]

The axial thrust will be hydraulically balanced if:

FI.II_(FI,II)Q,,=0=ZF : (7
“ur s when -

2
nO.452%—p(r22 —r, )% = 2(n,, —25) Y (2r,)*p 1073 8)
‘a order to find specific speed n,; of the pump stage in which the casing front

Wil ribbing will cause hydraulic balancing of the axial thrust, the following relations
Wald be introduced [4]:

re: =1,(0.3+0.0224n,,) 9
Ty
1 0?r,? -

W olpd : ; 10
¥ e T2K2° " T 2(0915+0001125n,,)? e

Wi mserting (9) and (10) into (8) and several simplifications one obtains:

: . :

31.6[1—(0.3+0.0224n,,)*]2 — Ty < 0. an

(0.915—-0.001125n,,)*
“he looked for solution of equation (11) is then:
n, = 47.75. (12)

“or larger values of n,, the resultant axial thrust in a pump with ribbed front
Wl il be directed towards the inlet, whereas for smaller values the direction it will
b mpOSIte.
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Axial thrust described by formula (4) does not take into account the influence
of the pressure difference at impelier inlet as well as the ambient pressure influence.
This influence is described by (p, — p,)nr,,;%. In practice, when calculating the axial
thrust, the above formuila should be taken into account only for pumps with axial
inlet working at high inlet pressure. ‘

In the presented analysis, the value Y in formulae (4) and (10) was taken for the
optimum conditions of pump operation. In this situation in equation (7) a simpli-
fication is used consisting in neglecting reaction F,,, which for low-speed centrifugal
pumps does not exceed a few per cent of the axial thrust value.

The analysis should be treated qualitatively since it does not take into account
several other structural features of pumps which influence the axial thrust [3].

!

3. The Test Stand [5]

The investigations were performed using a model pump forming a stage of |

a multi-stage pump of OW-100A type. The model pump and ?ﬁs general dimensions
are shown in Fig. 2.

A diagram of the measurement installation is shown in Fig. 3. The installation
is a circulating pump system. The tested pump I operates with afflux from tank 2 and
pumps water through pipeline 3 equipped with a control slide valve 4. A turbine
flow-meter 5 is placed in the pipeline 3. The space behind the pump impeHer is con-
nected by tubes 6 and 7 with tank 2. Tube 6 is the drain, while pump 8 which forces

S === = SN
5 ‘ e

| R ﬂ |
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l. ‘ i-l [o]
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Fig. 3. Diagram of measurement system

18] 17]
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#Tlux behind the impeller is placed on tube 7. Intensity of aﬁlux and outflow trom
schind the impeller was measured by flow-meters 9.

The model pump shaft 10 is supported slidingly in the bearing bracket 11 and
2eld by thrust bearing 13. The body of bearing 13 is set in lever 12 which rotates
» the support bearing and the other end of the lever rests against the force con-
erter 14. The converter 14 is a steel ring with eight strain gauges connected into
= electric bridge [5] glued on. The pump shaft 10 is coupled with motor 15 by
ssupling 16 which does not transmit axial forces. A disc with holes is set on coupling

¢ which cooperates with the photoelectric converter 19 for measuring rotational
seed. This converter is connected with meter 20. The motor 15 is supported in
searings in cradle 17 and its arm rests aganst the balance 18. Measuring the rea-
=on of the motor arm with the balance and measuring the rotational speed allows to
B ermine the net torque and shaft power N. In order to find the effective unit work
‘ the pump Y pressure was measured at the suction and discharge nozzles of the
\l_:'"]p

4. Results of Measurements and Conclusions

The maximum efficiency attained by the model pump was about 68% for the
weed range n = 2300 —2600 min~!. The basic measurements were carried out for
s = 2350 min~ 1, i.e. for angular velocity @ = nn/30 = 246.1 s~ !

During the tests, the model pump operated at submergence head H,, = 0.3—0.5 m.
Therefore its influence on the axial thrust could be neglected.

Measurement errors resulted from the class of used meters and had following

TELGCS
- for pressure p 0.4—0.6%
— for pump discharge Q- 1.5%
— for outflow and afflux intensity behind the
pump impeller q: 2.5%
— for rotational speed m 1%
— for pump shaft power N: 1%
for axial thrust YF: 2.5%

The influence of the number and height or ribs on the axial thrust and pump
mrameters was tested. Also the relation between these values and the intensity
4 of outflow and afflux behind the pump impeller was investigated. Results of the
mezsurements were analyzed for the pump discharge @ at which the pump attains

meuimum efficiency, and related to the following dimensionless number%
flow factors:

‘p =“-—"'—3, ; (13)

P = - (13a)
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— unit pump work factor:

— power factor (Newton number)

— pump efficiency 7,
— axial thrust number
3!
~ 4dw?r,%

By comparing formulas (15) and (14) one realizes that for ¢ = 1, X = K.
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Fig. 4 shows the influence of the number of ribs on the remaining parameters.
The rib height was h = 10 mm. It results from Fig. 4 that even with only four ribs
e axial thrust is decreased by about 30% and while the efficiency decreases by 2.5%
e to the similar increase of the power consumption. Unit pump work grows only
wightly. The increase of the ribs number causes only small changes of measured
merameters.

The influence of rib height on the remaining parameters is shown in Fig. 5. The
sumber i = 8 ribs was assumed and their height was changed between 0 and 20 mm
» 2 5 mm step. The greatest influence was observed in the 0—10 mm range. Further
merease of rib height had little influence.

In Fig. 6 the influence of the distance x of ribs from the 1mpe11er on axial thrust
wé other pump parameters is shown. 8 ribs of 10 mm height were installed. It was
wserved that in the range of distances x = 2+ 12 mm the influence on axial thrust
% wery small.

The dependence of axial thrust and other pump parameters on the intensity
s of outflow and afflux behind the impeller is shown in Fig. 7. Outflow and afflux
mrensity stayed in the range of a few per cent of the rated pump capacity, i.e. in the
wmee typical in practice [8]. It was observed that in the investigated range the

'r::ow from behind the impeller decreases the axial thrust by several per cent, while

« afflux results in an increase of axial thrust by several per cent. The remaining
sump work parameters were less influenced by flow behind the impeller, affecting
manly the volumetrlc efficiency of the pump. The effect of outflow was investigated
w = = 2350 min~ !, and the effect of afflux was tested at n = 1750 min~ .

In Fig. 8, the tested pump complete characteristics at n = 2350 min™ " is pre-
wared without and with ribbing of the casing wall with eight ribs of h = 10 mm
weeht. From the curves v = f (¢) it results that ribs cause an increase of losses due
. fction of the rotating impeller discs, which is comparable with losses resulting
wm other relief methods and which lowers maximum efficiency by about 3%.

In pumps with no relief, the axial thrust is close to the value calculated from
Wwmulae (1) and (2) with the assumption that Q; =04 and Q;; = 0.5, and is by
Aot 30% higher than that calculated when Q; = QH =045 [5].

LUnder assumption that Q, < Q,; the formula (5) gives larger values of coefficient

. uné the solution of equations (3), (4), (5) and (7) results in a smaller value of n,,.
The specific speed of the test pump calculated for parameters corresponding to
s maximum efficiency was n,, = 58.8. Ratio r,,/r, = 0.538.
% stage of pump OS-80 of specific speed n,, = 50.5 in which r,/r, = 0.4 was
Bl mwestigated [7]. In Fig. 9 are presented its characteristics at n = 1450 min~’
" sesing without and with ribbing. A relatively smaller increase of power con- -
wmseon and drop of efficiency due to wall ribbing was noticed. At the rated point
S stage operation the axial thrust decrease exceeding 60% was observed.
1 fallows from the presented investigations results that the decrease of the spe-
Mie spe=d increases the effectiveness of axial thrust release by casing wall ribbing
Wl Secreases its negative influence on the pump efficiency. This conclusion requires
weser confirmation by further investigations. It results both from calculations and

1
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measurements that axial thrust decreases with the drop of r,,/r,. Balancing axial
lweces by casing wall ribbing may be applied to the pumps with specific speed in
e lower part of the range assumed for low speed centrifugal pumps.

Further research should be directed at developing a multistage centrifugal pump
@ which the casing wall ribbing will reduce axial thrust to a value which can be
mrried by the bearing.\
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_sebrowanie wewnetrznej przedniej Scianki kadluba pompy wirowej odsrodkowej
jako sposob zmniejszenia naporu osiowego

Streszczenie :

& podstawie teorii podobienistwa pomp wirowych przedstawiono analiz¢ naporu osiowego, w ktorej
“edsiono wplyw sredniej predkosci katowej wirowania cieczy przed i za wirnikiem. Przy podanych

. Wsemach upraszezajacych okreslono wyrdznik - szybkobieznosci n,, pompy, w ktorej odciazenie
e csiowego za pomoca uzebrowania przedniej scianki kadluba bedzie w nominalnym punkcie pracy
“Wllwine. Nastepnie powyzsza teze zilusirowano wynikami badan. Opisano pompe modelowa (rys. 2)
e wamowisko badawcze (rys. 3). Opracowane wyniki pomiarow przedstawiono w formie wspol-
Ssmosa liczb bezwymiarowych okreslonych wzorami (10a, 13, 13a, 14 1 15) badz tez zaleznosci tych
i wt cech konstrukceyinych ozebrowania przedniej $cianki kadluba. Wplyw liczby, wysokosci i od-
e 2=ber od wirnika na bezwymiarowe parametry pracy — w tym liczog naporu osiowego — przed-
e odpowiednio na rysunkach 4, 51 6. Na rysunku 7 uwidoczniono zalezno$¢ parametrow pracy
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pompy od wielkosci i kierunku wymuszonego przeplywu za wirnikiem, natomiast na rysunkach 8 i 9 po-
roéwnano charakterystyki uniwersalne oraz liczby naporu osiowego przebadanych pomp o wyrdznikach
szybkobieznosci n,; = 58,8 i n,, = 50,5 z zebrami i bez zeber.

Z przytoczonej analizy i opracowanych wynikoéw badan wyplywa wniosek, ze uzebrowanie przedniej
scianki kadluba moze by¢ jednym ze sposob6w odciazenia naporu osiowego.

OpeOpenne BHyTpeHReH nepeuell CTEHKH KOpHyca HeHTPOOEeKHOro
HACOC2 ISl YMEHbIIEHHS OCSBOr0 HANopa

Pe3omMme

Ha ocHOBe Teopuy Monobus HeHTPOOEKHBIX HACOCOB MPENCTABJICH aHAJH3 OCEBOTO HANOpa, B KO-
TOPOM Y4TEHO BIHSHHE CPEAHEH YIriOBOM CKOPOCTH BpAilCHUS XHMAKOCTY Hepen ¥ 3a poTopom. [las
JAHHBIX YOPOINAOMIUX NPENOJIOKECHHN OUDEACNieH JMCKPEMHHAHT OBICTPOXOMHOCTH 1], Hacoca
B KOTOPOM NPOH3OUIET TMONHAA pasrpy3ka OCEBOro HAlopa IpH HOMOLIM YpeOpeHHs HEpefHed CTCHER
KOpIyCa B HOMUHAJIBHOM PEXUME paboThi. 3aTEM 3TOT TE3HC MILTFOCTPUPYETUA Pe3yIbTATAME HCCIE0
BaHMH. ‘

Onucansl MOAENIBHBIM HACOC (puUc. 2) M 3KCHEpEMEHTAIbHEIN cTer ] (pHrc. 3). O6paboTaHHbIE pe3yis-
TaThi H3IMEPEHKHN HPEACTABICHB! B POPME 3aBACAMOCTEN Ge3pa3MEpPHBIX YHCEIT ONPEACEHHRIX opMyTanm
(10a, 13, 13a, 14 u 15). Tonyd4ennsic 3aBUCHMOCTH NPEACTABICHb rpaduuecku (puc. 4—9). Puc. 4, 5u 6
NPEACTABISIOT BIUSHNAEC KOHCTPYKIHOHHBIX 0cOOSHHOCTEH ypeOpeHus nepeeli creHku kopmyca. Puc. &
TIpECTARISEeT BIMSHHE YMCIA pE6p H2 OCTaJIbHEIC BEJIAYMHBL PuC. 5 mpencTaBiseT BIMSHHUE BBICOTH
pE6p. Puc. 6 mpeacTaBiseT BIMSHUE PACCTOAHMSA PEOp OT portopa. Puc. 7 mpeATaBisieT 3aBHCHMOCTS
pabounx HapaMeTpPOB Hacoca OT BEJIMYMEBI M HANPABJICHAA BHIHYXHEHHOTO TEYEHHS ¢ 32 POTOPO:
Puc. 8 npencTaBiseT XxapaKTEPUCTHKY ¥ OCEBBIE HATIOPHI UCCAEAYEMOTO HACOCA XapaKTepU3UPYIOLIET
6BICTPOXOAHOCTBIO 7, = 58,8 ¢ pébpamu u Ge3 pébp Ha crenke kopmyca. Puc. 9 npencrasnser xapal
PHCTHKY M OCEBBIC HANOpPhl IPYIOTO HCCICAYEMOIO HACOCA XapaKTEpH3YIOLIErocs BbICTPOXOHHO!
sy = 50,5 ¢ pé6épamn u Ge3 pEdp.

W3 nmpuBenénHoro aHamm3a u 06paboTaHHBIX PE3ylbTaTOB HCCICHOBAHMH BBITEKAET BHIBOT,
opebpenue mepenHeil CTEHKH KOPIYca MOXeT CAYXKUTH OJHUM U3 CIoco0OB pa3rpy3KH OCEBOrO HAll



