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ANDRZEJ KoRczAK, .rA}iusz I-AMBOJ

iilślyttt Maszyn i Urz4dzrń Energ€tycz*ych I'oliterhniki Śiąsłie;, Gliwice
(Instilute ol Pow€f Małhinery and Equipmenł ol the T'rchniel Untversity ol Silesia" §liwie)

Ribbing]of the Interna| Front Walt of a Centrifugal Pump
Casing a§ a Metbod fgr Axial Thrust R.etief

lhis paper <leals with the influencę of int*rnal front wail ribbing of a cerrtrifugal pump casing on
]]:l ri:ai thrust. The t€§t §tand is descriłled and the results of investigations of the ręlation between the
,]i - :l]rust and Pump para§l.eter§ on the dblring of the casing front wall are presented,. Also the rtsultsl "]: measurement of tho axial thrust and pumo Darameter§ witlr changed outflow from betlind the
ln;.ę -3. and afftux behind the impeller are q,B§crlbed.

1. Introduction

,,:len designing multi-stage centrifugal pumps the method of balancing the
:lll., :hrust should be considered as an inseparable element of thę pump hyrlńulii

l:: significantly influencing the purnp eftriciency. One of the methóds Óf balancing
;]]]",i]i- ::rust consists in appropriate forming of the space between the casing walls
rm - :-Peller discs aimed at increasing or decreasing the average angutar velocity,: :Jtating liquid.

2. Axial Thrust as a F'unction of §pecific §peed

: ::der to deline the axial thrust, it should be assumed that:
.:r :re§sure distribution at both sides of the impeller (Fig. l) is axially symmetrical,
i::r l'.ffN§§ angular velocity rrf the liquid in spaces / and ll remains constant,
':rl-: iliStS an equality of pressures at radius r, in spaces / and l/ with static

Ęllll|inli ..,::: :,, at tlre impeller outllow.
':r -tial thrust may be defined then by the formula:

IF: Ft_FlI-F,,-F^+Fo| (1)

' F,, denote forces resulting from pressure <listributions in spaces l and II- -;,:-3s of the imPeller, Fu stands for the force caused by pressure at ttre impelleri, i 3 reaction caused by a change in liquid flow direction.

!WilM'n
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, Fig. 1. Axial thrust components acting on the pump stage impeller set

The difference of forces (Fr-Frr) : Ft,tl results directly from thę formula

and lras the following form

F l, t t : ft Lp, z(r 
",ż - r *,\ + a r r'{ p (r zz - r 

",2)' - 
g r'* r (r r,' - r n r r')'f

rvhere d) : u"la 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
(which has beęn con{irmed by measurements,of pressure distribution
one obtains 

(F r.r|) n,, =o 
: ttLp,ż(r",, _rn,,) _ Or,*r{rr, _rnr,\,f .

wall 81r:
in space /I

By subtracting the corresponding sides of equations (2) and (2a) the com

of axial thrust due to casing wall ribbing (Fig. 2) is obtairre<l as

F r,r, - (F r,rl) o,, _ o : nO rr'* p tr r' - r 
",')'.

This component is directed opposite to the resultant axial thrust I F.
The axnl thru§t fF, acting on .the pump stage rmpeller set may De defined

the folowing formula, witch results from the dimensional analysis [2]:

I F : Ky(2rr|zp

where: Y is the unit energy heai3 pf the pump {Y : gH|, K stands for a
depending on thó specilrc speed [3]:

K - 2(n", -25)1,0'3.
Formula (5) was obtained by calculating from formulae (1) and (2) the

thrusts for pumps with various specific speed, under assumption that Qr: d)II:
and taking into consideration the dimensions typical for single stage pumps.

Putting (5) into (4) one obtains:

I F : ż(n", - 25) Y (2r r)2 p l0- 3

(1l

(2|
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Fig. 2. Cross-section of the model pump [6]

The axial thrust will be hydraulically balanced if:

F llt - (F l,tl) o,,: o : I F
eo: i. when

n0.4!'@;z 
4 

pV2ż -T",'|' : Z(n,f -25')Y {2rr)2 p 1a-3

.: order to find specific speed n", of the pump stage in which the casing front
muul :ibbing will cause hydraulic balancing of the axial thrust, the following relations
$h.lłl,ł,d be intro<luced [4]:

(i)

(8)

r"" : 12(0.3 *0.0224n"rJ

Y : Yrozr_2 : _!_.rr^z _ r,l2l,r' __' 2K,' - ' 2(0.915 +0.00l l25n"1)2'
Hmr nserting (9) a.nd (10) into (8) and several simplification§ one obtains:,

31.ó[1 -(0.3+0.0224n",)2!2-a0ąTi#00*ą; : o. {1l}

*le 
looked for solution of equation (1tr) is then:

(l0)

w :47.75. (12)
;:l iarger l'alues of n"r, the rbsultant axial thrust in a pump with rrbbed front

lmilrli, ł'-] be drrectecl towards the iniet, whereas for smaller values the diiection it wili
h ,i,$[,:site.
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Axial,thrust describęd by formula (4) <locs Bot take into a-ccount ihę influence
of the pre§§ure di§erence at impeller inlet as well as ttre ambient pres§ure influencę,
'fhis influence is described by (p,,- po}nr.t'.In practice, when calculating the axial
thrust, the above forrnula should be taken intg account only for punrps with axial
inlet workirrg at high in}et pressure.

trn the presented a.nalysis, the value Y in formulae (4) and (10} was taken for the

optirnum conditions of pump operation.. In this situaticxl in equation (7) a sirnpli-
fióation is used qclnsisting in neglecting reaction F., which for lorł-speed centrifugal
pumps doęs not ęxceed a few per cent of the axial thrust value.

'Fhe analysis shołlld bę tręated qualitatively since it does not take into &ccount

several otlrer structura! feafi.rres o{"pumps which i,nfiuenee the axi:łl thrust [3].

3. §he Te§t §tend [5]

'The inveg,tigations were performed using a model pump forming a stage of

a multi-stage pump of (}W-lCIOA type. Thę rnodel punnp andtts general dimęnsions
are shovln in Fig" 2,

A diagrarn of the me&§urement installation is shown in Fig. 3. The installation
is a circulating pump §y§ter&. ]Ihe tęsted pump l operates with affitrx from tank ? and

controi slide vall,e
behind the pump im
drain, whiie pump 8

.-ffi
,)

h\
fiffi
Ą\ k\ \ /fuj-kbb1

with a
spac€
is fhe

1l żg
*-9
13 19

pump§ water through pipeline 3 equipped
ficw-meter 5 is placed in the pipeline 3. The
nected by tubes 6 and 7 with tank 2. Tube ó

4. A turbine
peller is con-
which forcą ]

,l

Fig. 3, Diagram of measurement §ystem
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-iux behind the impeller is placed on tube 7. Intensity of afllux and outllow liom
:ęhind the impeller was measured by flow-meters 9.

The model purnp shaft l0 is supported slidingly in the bearing bracket 11 and
;c.J by thrust bearing 13. The body of bearing 13 is set in lever 12 which rotates
;: lhe support bearing and the other end of the lever rests against the force con-
::r=r 14, The converter 14 is a steel ring with eight strain gauge§ connected into

r. electric bridge [5_] glued on. The pump shaft l0 is coupied with motor 15 by
; .:pling ló which does not transmit axial forces. A disc with holes is set on couPling
, rł,hich cooperates with the photoelectric converter 19 for measuring rotational
lted. This converter is connected with meter 20, Thę motor 15 is supported in

Tć]nrings irr cradle 17 and its arm rests agatnst the balance 18. Measuring the rea-

;:,_,n of the rnotor arm with the balance and męasuring the rotational speed allows to

:t:ermine the net torque and shaft power N. In order to find the effective unit work
l,' :he pump I, pressure wa§ mgasured at the suction and discharge nozzles of the

: -.11p.

4. Results of Measurenents and Conclusions

The maximum effrciency attained by the rnodęl pump was about 68% for the

rced range n:23C0_2600 min-1. The basic measurements were carried out for
t = ]350 mitl-1, i.e. for angular velocity @: nnl30:246.1 s-t.

During the tests, the mode! pump operated at submergence head l[,, : 0,3 -0.5 m.
*,erefore its influence on the axial thrust could be neglected.

\{easurement errors resulted from the class of used meters and had following
}- j€S:

- ior pressure

- :rrr pump discharge
* jor outftow and afllux intensity bebind the

pump impeller
" . :"Tr rotational speed

ó-

p:

Q:

a.4-0,6%
, |s%

q: 2.5"^
1a/o

- :or pump shaft power N: I%
:..r axial thrust Ir, 2.5%
The influence of the number and height or ribs on thę axial"thrust and pump

:i*_."i,j:letcrs was tested. Also the relation between these values and the intensity
; .,- outflow and afflrrx behind the pump impeller was investigated. Results of the
*]].:isurements were analyzed for the pump discharge Q at which the pump attains
],liiITlurD efiiciency, and relate<l to the follorvirrg dimensionless numbers:

--.rrł lactors:

nor13'
q

{D :_ ---' 'ĘiDr ,3'

(13)

(ija)
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- unit pump work factor:

- power factor (Newton number)

pump efliciency 4,
axial thrust number

IpY:- ,
4a2rr2p

By comparing formulas (15) and (14) one realizęs that for lk : I, X : K,

0.06

0p

q02

0, ó

Fig. 4. lnlluence of the nurnber of ribs' on pump operation parameters

Y0: u'a-tz-

N
Y - 

-ą---?- 
r

TOJ-r2- Q

(10a;

(l4l

Fig. 6. Influence of the distance x of the
ribs from pump impeller on pump opera-

tion parameters

Fig. 5. Influence of the rib height on
pump operation parameters

Fig. 7. Dependence of pump operation
parameters on the intensity of outflow'

and afllux behind the impeller
ootllow from behind the impeller.

afiux behin<i the impeller

(15łi
i
i
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Fig, 4 shows the influence of the number of ribs on the remaining parameters.

Tb€ rib height was łl : 10 mm. It results from Fig. 4 that even with only four ńbs
fue axial thrust is decreased by about 30oń and while the efficiency decreases by 2.5%

o;ue to the similar increase of the power consumption. Unit pump work grows only
{tightly. The increase of the ribs number causęs only small changes of measured

nrrameters.
The in{luence of rib height on the remaining parameter§ is-shown in Fig. 5. The

urrumber i : 8 ribs wa§ assumed and their height was changed between 0 and 20 mm

ry a 5 mm step. The greatest influence was observed in the 0--10 mm range. Further
:Ntrease of rib height had little influence.

In Fig. 6 the influence of the distance x of ribs from the impeller on axial thrust

mrJ other pump parameters is-shown. 8 ribs of 10 mm height were installed. It was

mnuerved that in the range of distances x:2+ 12 mm the influence on axial thrust

n i€ry small.
The dependence of axial thrust and other pump parameters on the intensity

ł rf outflow and afllux behind the impeller is shown in Fig. 7, Outflow and afflux
mcnsity stayed in the range of a few per cent of the rated pump capacity, i.ę. in the

mge typical in practice [8]. It was observed that in the investigated range the
,luńow from behind the impeller decreases the axial thrust by several per cent, while
M efflux results in an incńase of axial thrust by several per cent. The remaining
pnrap work parameters were less influenced by flow behind the impeller, affecting
,łmrumly ihe voluńetric efliciency of the pump. The effect of outflow was investigated
ifi r: 2350 min-l, and the effect of afflux was tested at 0 :1750 min-l.

nn Fig.8, the tested pump complete characteristics at n:2350 min-1 is pre-

:ffisd witlrout and with ribbing of the casing wall with eight ribs of h:10 mm
From the curves v : f (E) it results that ńbs cause an increase of losses due

Cction of the rotating impeller discs, which is comparable with lossęs resulting
other relief methods and which lowers maximum efliciency by about 3%.

t"n pumps with no relief, the axial thrust is ciose to the ,value calculated from
(1) and (2) with the assumption that Qt:0.4 and Qr,:0.5, and is by

30% higher than that calculated when O, : QI:0,45 [5].
Łnder assumption that Q, < Q, the formula (5) gives larger values of coeflicient

fim.j ńe solution of equations (3), (4), (5) and (7) results in a smallęr v4lue of n"r.

fu specific speed of the test pump calculatęd for parameters corresponding to
rnnńmum effrciency w&§ lt"r : 58.8, Ratio r",frr: 0.538..
.t §dage of pump OS-80 of specific speed n"7:50.5 in which t,,ltz:0.4 was
lmtestigated [7]. In Fig. 9 are presented its characteristics at n:1450 min-1
!ryń,g without and with ńbbing. A relatively smaller increase of power con-

and drop of efliciency due to wall ńbbing was noticed. At the rated point
§e.gi operation the axial thrust decrease exceeding 607o was observed.

& ffihows from the presented investigations results that the decrease of the spe-

ryęe,d increases the elfectiveness of axial thrust release by casing wall ribbing
its negative influence on the pump efficiency. This conclusion requires

mnfirmation by further investigations. It results bo,th from calculations and



Fig. 8. Complete characteri§tics of the pump te§ted with n§l : 58.8
-.--- wilhoul rib§. - -- --- with ribs

Fig. 9. Complete characteristics ol'the O§_8G pump stage rvith n"r = 50.5
lwithout ribs, with rib§
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*,:.;:Ui,JrT!elits that axial thrłist elecreases with th* drop of ru,;'r2. B&lancing axial
,;ts by ca§ing waitr rib{rillg may be appiieei to thę pŁl,§lps witlr specilic speed in

, j l_-1W8f pert 0f ibe range assrrnred ft;r low speed centrifu§lai purrrps"

Further resear*b should be directed at ątrevelopillg a mtilt,islage ł:entrifugal pur*p
,: ,,::ich the easing wmll rit"lbirrg will l,n:dułe axi;tl thi,ust to a valuc which cafi be
,.-:.:d by the Łlearing"
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;ebrorvanit wewnętrznej przedniei ścianki kadłuba pornpy wirowej odśrodkowej
jako sposób umniei§zenia naporu osiowego

. streszczenie

,. :,_ćstawie teorii podobicństwa pomp wirowych przedstawiono analizę naporu osiowego. w której

łll ;::::,i-h upraszczających określono wyróżnik szytlkobieżności lr"1 pompy, w której odciążenie
.ulllll , :,i.owego za pomocą użebrowania przedniej ścianki kadluba będzie w nominalnym punkcie pracy
dlL]]]i ,* : \astępnie powyższą tezę zilustrowano wynikarni badaó. Opisóno pbrnpę modelową (rys. 2)

,,,; ,,,::,łisko badawcze {rys.3). opracowane wyniki pomiarów przedstawiono w formie wspóŁ
,,l]ilłr;i: ii-. iiczb bezwymiarowych określonych wzorarni (10a, 13, 13ą 14 i 15) bądż też za|eżności tych
;llll ,: "sch konstrukcyinych cżebrowania przedniei ścianki kadłuba. wpĘw liczby, wysokości i od-

uru, :,; ].CDowtednio na rysunkach 4,5 i 6. Na rysunku 7 uwidoczniono zalężność parametrów pracy

101
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pompy ocl wrelkości i kierunku wymuszonego przepływu za wirnikiem, natonriast na rysunkach 8 i 9 po,
łównano charakterystyki uniwersalne orazliczby naporu osiowego pLveŁradanych pomp o wyróżnikach
szybkobiężności n", 58,8 i łl", : 50,5 z żebrąmi i bez żeber.

Z przytoczonej analizy i opracowanych wyników badań wypływa wniosek, żr uźebrowłnie przedniej

ścianki kadłubamoże być je<inym ze sposobów łlelciążenia naporu osiowego.
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