WO 2005/038260 PCT/SE2004/001503 1 CENTRIFUGAL PUMP
TECHNICAL FIELD The present invention relates to a pump of a
rotodynamical type 5 comprising at least one impeller arranged in a pump
Rowsingddsbsen by an electrical motor. BACKGROUND OF Tddfe/se2004/001503
INVENTION Pumps of the above mehtioned kind can roughly be divided
into two 10 types: centrifugal pumps and axial pumps. The centrifugal
pump comprises an impeller consisting of a hub and at least one cover
disc with a number of vanes arranged to the hub, a so called open

impel%ﬁw&F&%‘ﬁ&Wimpeller is arranged with two 15 cover discs

with vanes between. The liquid is in both cases sucked in axial direction

in the.geRire R ihedmpgher and leaves the impeller at the periphery in
mainlétangential direction. The axial pump differs_from the above

mentioRE PERIATIGHIGHHAR FEISEFMIR e TR AVESHEPRMGHhLRG
irsaxiabeireeting ZhisdeflentomjstHenemithghé aidaofamprhbbersofgdidecn by
rails a%agg%g&%%&%m in the pump housing. Th_e guide rails normally

also serves as supporting elements in the construction of the pump

housing. 25 During pumping of polluted liquids such as waste water, water

in mimﬁm{mslmti@m‘meEququping is often disturbed by the
PONLIN RN % MR CANSE Soading 2L AR DRI AN RIS URRORYo

and afso oRen d to considerable wear problem. uring pumping of
Wastetyiraer ehatrizgebmamnsciyhisd YupERP8uch as rags, there are
several methods for solving the problem. An open pump impeller with

only O'Elﬁecggg [ 8&' Itquer?l rgégrper?éebsugg\éemnpeiler consisting of a hub and at

least one cover disc with a number of vanes arranged to the hub, a so
called open impeller. A so called closed impeller is arranged with twe

15 cover discs with vanes between. The liquid is in both cases sucked in
axial direction in the centre of the impeller and leaves the impeller at
the periphery in mainly tangential direction.

The axial pump differs from the above mentioned centrifugal pump in

20 that the liquid leaves the pump mainly in axial direction. This deflection
is done with the aid of a number of guide rails arranged downstream in
the pump housing. The guide rails normally also serves as supporting
elements in the construction of the pump housing.

25 During pumping of polluted liquids such as waste water, water in
mines, at construction sites etc, the pumping is often disturbed by the
pollution. This may cause clogging of pump impellers and pump
housings and also often lead to considerable wear problem.

30 During pumping of waste water that may contain elongated bbjects
such as rags, there are several methods for solving the problem. An
open pump impeller with only one cover disc is then preferred, but even

so external measures are required. One may be to run the pump



So external measures are required. One may be to run the pump 2
impeller backwards at certain intervals. Another is to arrange some sort of
cutting means in front of the intake. &JS 5,516,261 discloses an open
pump impeller for pumping of waste “water where the bottom of the pump
housing is arranged with a spirally shaped groove, which leads pollutants

impeil@ﬂ%@%@%tﬁﬁcﬁﬁﬁ_ 'ﬁhl_fﬁﬁéwﬁlsrﬁxmﬁe@a@ @ug@?g@%&mgﬁl 2oPD4IiAEg means in
. npin g eights are required, for.example in mines,
front BB RND enere A R oo G A oo BooLr ISt A veste
water ahdra thovertasnwd]Hzspimgrhnediateivanese SLvttlirageitelty hhoped amegaitly which
leads SRERKING NiohrrpHGIRNGYRRR-CRSR:IRG e BhkighRresayse. heights.
s %&n the other hand, closedrig%éﬁers ﬁave?a lesser lead- througgﬁ, which

means higher risk for clogging. The pollution that is present during
Durin@ uump'pi.gg' mhﬁr@bigﬂéiﬁﬁlg}lﬂhg}ﬁmmmamfd'dﬁiy cabrasivermsatedatiosed pump
impeﬂé?@&@%uttg@t, tlflgf n%ﬁ&%”%@_li_@ hoth Q‘%‘?b? 'H?Q%Je{irﬁgfﬂ)gﬁ-}”%%@%éjsimegrﬁs lweﬂ as
_ exposed to great stress. These problems can partly be solved by speci
mtema@fﬁé%e\fﬂ%%&n%ﬁbomanfé%ih@‘fsf %ﬁ@%ﬁi&éﬁ?@ﬁ%&%}ﬁ%%ﬁﬂ?w then open
impellRaduralych desirertohenshire thatlihetiorasivel, phrticiesipdietimpumiesser lead-
throuét'hoﬁ?&%?egﬁ?ﬂc?’h@??ﬁilp inarder fo avoid unnecessary wear. Further,
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e geometrical désign of the pat at are important for the pumping

function of central importance in order to reduce the wear. BRIEF
The ORSGRIPE ONfsehH Bufi¢ENTGINcEiImbntimenfisofdhadgineskntients of highly

nvention se -achieve a solut] t Y, ' o ar
e o e oot Y B e
exposgieie gsBuRFEts BEIROTIRSEI SAVEIEOR besalis L A precddivaEfasy featment or
hardefiRYICE arcondinentaclappntnAdyaniagenus-idntur assoi:the @mbodimehtsabrasive

. are the subject of the dependent claims, ccording to a fir f

perticE L S e L O M oLy 18 UK SRRy wear.
Furthespribgisieryisalictiotesvamintyths gis ot olianesianiieer Wisichpamp function of
central ORISR caitbiRUDI ked Ry drRUNEAINIt, whereby the hydraulic unit

comprises a pump housing and a

BRIEF DESCRIPTION OF THE INVENTION
Embodiments of the present invention seek to achieve a solution of the wear problem by a

certain design of the bottom of the pump housing.

According to a main aspect of the embodiments of the present invention the aim can be

solved by a device according to claim 1.

Advantageous features of the embodiments are the subject of the dependent claims.



pump impeller rotationally arranged inside the housing, the pump impeller
comprising an upper and a lower cover disc and a number of intermediate
vanes, characterized in that a bottom wall of the pump housing, having a
central inlet opening, is arranged with at least one spirally swept back
flow affecting means on the side facing the lower cover disc, extending

Accoﬁ&%&stg %@ﬂ'héﬂé@tscé‘r&%%&%t{}le{i%ﬁ)@ &I?QOJ- H@d%ﬁ flomy )axifﬁﬁﬂ{}gfol pumping

means could be arranged as grooves and/or ”d%d sinthe bottom wall

of liawifrapiupg R Bnina Btk Holhaterting sHld Retfifsg WoUrRrgERRgcomprises
a drivianletfiorrisydraaligleivitththebplaine lofdhalbotioin cmaibwimlm preferdlobysing and a

pumpaccgégIégerét{gdﬂ}‘z%ﬂrggﬁ c?ﬁ%tﬁ% IRIRIEES ﬂwﬁé?balﬁ'é %%ﬂgr”é{?%%smg an

ents act to affect ackf o tainin

“Pperp%}fhﬁo}ﬁ)é”eérﬁ@?ﬁfgdt‘ﬁ% AP e B tHYESTRSIE a‘h”@ftﬁeCBaﬁah%IW%ﬂﬁ gythat a
bottorthatathef pellptiopd:sitalp abaahiasiveaiticles oieehgrertexiepddrdth at least one

spiralf}) U2 tieﬁ&oﬁ‘o(we%?e Jh%é?u#, 1 (HEADAL g‘i ﬁ%ﬁmgcreé‘t% [e(ﬁd% hending

articles W ter the grooves or space between t
parts @fh@f émﬂé tﬂél@hél@ﬁn@ﬂ%%a]é@ thendtticles will be transported to the
perlphery of the bottom plate, and out through the outlet. It has been

- tha h@ distance between the toB surface of th rldg?s or fi gau,
ihe bg(, 1OW ariec 111[%1“{16&115 CO lm arrange QOvES EIHI%{ ( S 1f e dﬂ’l wall.
etween ovesan SWer cover disc s e indicate
range. A too large distance will not create the desired eﬁ‘ect and a too

F mth&aUGb\Mig@QiV\(M lH@ﬂ%\T@HB@ apeegiQ xﬁt%sﬂ,aﬁéuﬁ@%vﬂ@&@ﬂﬁéﬁiﬁg 1B8ns an angle _

with Lﬁe fme o?i?%%g %%?26 wh 11(—; SEZ&:M%% shou éi4 ILh 18(.,?!&8110 S? ? %egrees. '
I Stee surrace creatés an Increase pos y crea

an mcreased disturbance on the back flow. These and other aspects of,
The R ﬂ@%@@i@&%@gﬂ%ﬂﬁ%@&%ﬁ?ﬂgiW%H%@Mﬂhﬁ%&oﬁé@ fppareniftoRck flow,

_the follawing detailed desc and from the accompa drawi
conty R SR TR PR BFAL IR S F GUING et e
pOHutdegcﬁpcibﬂsaﬂmermfemm}@,sréfergmé wilbeare Quetetiéetblthen reaching the gap, or
the aﬁ%@tﬁ%@%wﬁwwgﬁigﬂvh’@gt of the particles will enter the grooves or space
between the ridges and due to the spiral shape, the particles will be transported to the

periphery of the bottom plate, and out through the outlet.

It has been found that the distance between the top surface of the ridges or plateau between
the grooves and the lower cover disc should be in the indicated range. A too large distance
will not create the desired effect, and a too narrow gap will increase the speed of the back

flow, deteriorating the elfect.



Fig. 1 is an axial cross-section through a pump according to the invention,
and 15 Fig. 2 is a detail taken from the ring of Fig. 1, Fig. 3is a
modification of the detail of Fig. 2, and Fig. 4 is the bottom of the pump
Rousingean from above. 20 DETAILED DESCRIPTION Ok ditE2004/001503
INVENTION The pump shown in Fig¢ 1 comprises a drive shaft 10
connected to an electrical motor (not shown) for driving the pump., To the
lower end of the shaft a pump impeller 12 is mounted comprising upper

14 anslt%_? I0\év1er 1%govertgésscs %Hes 1?6 ks&%?a 3 :Lc%eg es 391 yl'xecreased
mentlone components are mounted in a ousmg 50 havin

bottorg¥@sl, Pesaibiilercatinadeanisaresssl ﬂn@at#ﬁpmp@uéhq@agk flow.
mounted such in the pump housing that there is a gap 28 between the

periphgral surf%c%gfthe Iow (?[;/er |sc 16 and an |n%1 ﬁ&ge wall o(gthe
pump Ste)uaslilng “a%p ec gtVVeen T i6ReEr & e Bt Mwention

wall a@fi%éiba@ra@apmmm theddiowifdwhitesd|dweeriptiondissl from

16 angnansenehaiace afdhahoftom wall 22. WO 2005/038260
PCTISE2004/001503 5 Accordlng to the principles for a centrifugal pump,

the liquid is sucked in axially through the inlet 24 and-leaves the pump
through HTA BBt IEHERHRITHgNCRO WIAE AWRAAVBN&H R C. Because the

presswmm&ﬂ&%s&%@& AuHEh RS- AL NS IR ANEV LA CEHAINN be

flow D will 5 always flow back through'the gap 28 and into the space 29
BEweBH e oWEr AR B TR R AR 85 SA "3t the pump housing.
A part of this flow E passes the gap 30 back to the inlet, while a part of

the flowE is agaifyIgd QUiRKIS AN BEUATRIRIGA SNGSRYPE AR AR the
invention, and

15 Fig. 2 is a detail taken from the ring of Fig. 1,
Fig. 3 is a modification of the detail of Fig. 2, and

Fig, 4 is the bottom of the pump housing seen from above.

20

- DETAILED DESCRIPTION OF THE INVENTION

The pump shown in Fig. 1 comprises a drive shaft 10 connected to an
electrical motor (not shown) for driving the pump. To the lower end of
the shaft a pump impeller 12 is mounted, comprising upper 14 and

25 lower 16 cover discs, vanes 18 and back vanes 19. The above mentioned .
components are mounted in a pump housing 20, having a bottom wall
22, an inlet 24 and an outlet 26. The pump impeller 12 is mounted
such in the pump housing that there is a gap 28 between the peripheral
surface of the lower cover disc 16 and an inner side wall of the pump

30 housing 20, a space 29 between the lower disc and the bottom wall as
well as a gap 30 between a lower surface of the lower cover disc 16 and
an upper surface of the bottom wall 22.



boundary layer flow. A boundary layer flow is also present along the 10
bottom wall, but directed inwards. The back flow D creates losses and

also results in that pollution, abrasive particles and the like, are gathered
wrdewihesgaver disc because particles of a certain size canmot/pRSE Hoe1503
gap 30. This 15 gathering of particlés will then wear against pump impeller
as well as against the bottom of the pump housing during running of the
pump. Particles entering the gap 30 will act as grinders, with heavy wear
on the surfaces of the gap This may in a short time mean a considerable

deterl%b atlon of the %e{  Sapacity pecause th [Hl’g%qa haV;r)n (A8 AR 18 sucked

order ascer]flﬁn a Ing ol a rasive particles e entered th
spaceinGbiaieshipegb\ie daler st ahdaREs JRGR WP St %&}aﬁ? outlet

the pegigheryoierfilrthenbwnapor tonarlane@ubyeouiieththprestiane is much

wall of th ousm f Wer surface of the 2 e

disc o&ﬁ%‘%‘hﬁg Fgff i§ 1éllr%\tri%g%\lea(?igwr%htone}rgr 1Léj’eg}era ‘é%eap)f; (t)%v\{%geggt}llr%r will
meanslinghe @m@@m&rem@mghrtbpmm%%@ééislzltauﬁtrew%&eéﬁweeﬂ the
the embediment-shawn the.groemMesHwinehsErAlG towitdpentlalingeningrt of

24 several turns, The flow ffectln ea re swe tsu hatthe ra
distanEBIF O HPRSRTR RS FERA % nlfshg %ohaﬁﬂlrect E{d?epe flow F
the imipeHienriaslsdeninvEig sl bayroolersidit affél@@ wmﬁhsatroWDSarféﬁﬂed

the pagliglesic §§?tﬂi Ded iRwha flawsy g&é%mw&t% HeJyrpeeaBterngdethe
space Is moved in a WO 2005/038260 SE2004/001503 6 tangential

difectiGRIMRTE fﬁstHek?b‘fa‘ﬁHﬁ%F%é"‘lWQﬁer and where the water volume

is moved along the swept flow affecting means. This action causes the

particles in.the,water {9 e moveddo the QHOMESresults in that pollution,
abrasive particles and the like, are gathered under the cover disc
because particles of a certain size cannot pass the gap 30. This

15 gathering of particles will then wear against pump impeller as well as
against the bottom of the pump housing during running of the pump.
Particles entering the gap 30 will act as grinders, with heavy wear on
the surfaces of the gap. This may in a short time mean a considerable
deterioration of the pump capacity because the gap is worn larger.

20
In order to ascertain a feeding of abrasive particles that have entered
the space 29 between the lower cover disc and the bottom wall out
towards the periphery for further transport towards the pump outlet,
the bottom wall of the pump housing facing the lower surface of the

25  lower cover disc of the impeller is arranged with one or several swept
flow affecting means, in the embodiment shown spiral grooves 32
divided by ridges. In the embodiment shown the grooves wind spirally
around the inlet opening 24 several turns. The flow affecting means are
swept such that the radial distance r from the centre is increased in the

30 rotational direction Rq of the impeller, as seen in Fig. 4.

The grooves will affect the main flow D and the particles contained in

the flow such that the water volume entering the space is moved in a



between the ridges in the rotational direction and due to the swept, and 5
preferably spiral, shape of the grooves the pollutions will be fed along the
grooves and out through the outlet, or at least be prevented from

gatheifesiasthe gap. Because of the present invention the ragiglsrao04/001503
component of the boundary layer flow along the bottom wall is affected

such that it is directed more in the tangential direction, thus also 10
affecting the part of the water volume in the bottom of the grooves to be
moved in the direction of the swept back flow affecting means. During

tests thete a1, eerialn aspects (el S6em 0 ATRCL (R PIACESH N A8 0ARce the

and to Wh&t extent the ' watér volume In the grooves are affected. 15 For

exampteaties udtmea 8 rryed, Pengedi e tvdlosuadestsrgiataner This
cover disganddhadenissifacasiet the tidges hatuess e oyeseseeitves

to have an influence.. Tests hayve shown a good result of t rocess
when t %%%?Ene%%ear }§I 5ine rar‘?greo o%?? % é)}éeg{: fhe a&gt(;arl%e?ggc?ﬁe%‘ﬁepi’ and
thé bottorieshiy grovvieshapeed ibkersorasdlss prdlntsweridbberfed along

disc, by thigdsnal igReraoaiAacastimitingte, the dnweniase besvented from
example the distanc?%lcould l?g smaller i&élﬁ%tolerances of the impeller

wheel &AtFHe Botto i Wafttuieredid e tighte rgjrsﬁ%énﬁeé?t%%lwaﬁ,roardai?l
least thenidges;viherthmbdeofarsekilientiinatariangtbh hsttabberallischtiected

would gllow spmecotart Betveshdhs PRESARAHIRY Yaecfibs deRrtb afso
the grooves and the distance between rliﬁes in the rgrgll%léirire tion, thus
h

tRE voIBHRE P EYT VS 188 IBBETIRN it ated DefraRrys o be
the whaetewedtéen vhlediedstaffe ofedhbys wee plocss §1030 difre Swe epiagn s.

angle a of the spiral ridges also have an influence in affecting the

direction of the flow and the feeding, of particles in the grooves, It should

in prindEIBE FRIESGRCS RAGCSTFAIghEBRGRS SPNeSHIW tretifing hedigcess in
with anpegiega the tadibldiesetian thvendtaugblume in the grooves are affected.

15 For example the distance d, Fig. 2, between the lower surface of the
lower cover disc and the top surfaces of the ridges between the grooves
seem to have an influence. Tests have shown a good result of the

process when the distance d is in the range of 1/3 to 2/3 of the
distance between the bottom of the grooves and the lower surface of the

20 lower cover disc, but this is not to be regarded as limiting to the
invention. For example the distance ¢could be smaller if the tolerances of
the impeller wheel and the bottom wall where to be tighter, or if the
bottom wali, or at least the ridges, where made of a resilient material
such as rubber, which would allow some contact between the parts

25 during use. The depth of the grooves and the distance between ridges
in the radial direction, thus the volume in the grooves, has to be taken
into account so that preferably the whole water volume is affected by

the process.

30 The sweeping angle a of the spiral ridges also have an influence in
affecting the direction of the flow and the feeding of particles in the
grooves. It should in principle be possible to have straight edges of the

flow affecting means with an angle to the radial direction, even though



WO 2005/038260 PCTISE2004/001503 7 this design is not optimal for
transporting particles towards the periphery of the impeller wheel. The
back surfaces of the ridges also affect the process and tests have 5

showndhatan angle (3 between the back surface and a plang-paiaieloeisos
with the bottom of the pump housing should preferably be in the range 85
to 95 degrees, Fig. 2. For some types of impeller wheels however, such

as those having a conical shape, and a corresponding shape to the

bottom wall, Fig. 3, this range is not obtainable, at least not with cast 10

metal hettopewal, Kests B%Y%@W@N@mﬁéﬁiﬁ%%%’ {5kt

design according tqQ Fig. 3."If the bottom wall according to Fig. 3, or at
least tREFRD FrettifREERTLHMEEo be made of a resilient material

the ridges could be cast with an angle according to the above range. 15

With therdogh desiae s, Fidde AR0AaRYS AREPURIBRRIECUR Y ests have
obtained that leads to fewer and smaller particles in comparison with" the

rest of HRETGURR 3 Ak AEaRIRG & FeauEerl s SHVRsH oRthe plsseparallel
the flowatiegiingponranstelidrittg hegiayes maghined AaSeiiiBe range
bottom r i t or cast in the battom plate. 20
Depen3%18&%§rj1%th{l—:'g%a%ggglhﬁi?))i ﬂ?g gﬁgr%nﬁfa%?ﬁg H%’“g%? egied“rgv(ﬁ/ee%%%wever,
have diffsierRsIBaRgs. adnbaciprabsiapm anthe ¢raviagsisingddhape to the

with integriairhackflomiaffecting ragaasishub obeesseihe Ragklowor with cast

a{@ctir%gerpﬁ%ng %)ulq,{ gﬁ.rq%d%%s a s%parate Fp;%twhich IS att%ched ina

sUitable WAy to the bottom wall. In order 1o incredsd THe efs gt towar el t with

cover @isteRian bewrdigethViia Badk vandottenedvdiveedertimpattdi. 3, or at
wall coptadpine:theragvesiidges: RUchhackuaneshawevel CONsINe o rerial

' loss are therefore used_ only under especially difficult
?ocnedr;[ti I es Ir'll%{ggs Coufa@fge cast with an angle agcordmg tcl)J the above range.

15 With the right design of the ridge and groove a separating effect is
obtained that leads to fewer and smaller particles in comparison with
the rest of the liquid, in turn meaning a reduced wear. In view of the
above the flow affecting means could either be grooves machined or cast
in the bottom plate, or ridges attached to or cast in the bottom plate.

20  Depending on the design of the bottom plate the ridges or grooves may
have different design. The bottom plate shown in the drawings is made
with integral back flow affecting means, but of course the back flow
affecting means could be made as a separate part which is attached in a
suitable way to the bottom wall. In order to increase the effect the lower

25 cover disc may be arranged with back vanes turned towards the bottom
wall containing the grooves/ridges. Such back vanes however constitute
a certain energy loss and are therefore used only under especially

difficult conditions.

30  Itis to be understood that the embodiment described above and shown
in the drawings is to be regarded as a non-limiting example of the

invention and that it may be modified in many ways within the scope of
the patent claims.



30 It is to be understood that the embodiment described above and shown
in the drawings is to be regarded as a gon-limiting example of the
invention and that it may be modified in many ways within the scope of
the patent claims. 8 CLAIMS 1 Centrifugal pump for pumping of liquids

CLAbviaining pollutions mainly in the form of solid particles, which pump

2.

comprises a drive unit, a hydraulic unit, whereby the hydraulic unit
comprises a pump housing and a pump impeller rotationally arranged

insfaentiéupalingp tee purmping géliskisnspniaignnribépaadainwer the form of
cogyidisaAnra NHPEL QLIESMEAAe yaNRs characiefrediB that Auhereby the

bottom wall of the pump housing, having a central inlet opening , is .
arrBvde ity il IS5 PoIsE S MY BR EPRUBHK AW AfR¥MG nifdRRdesnrotationally

thepidpdaging e duRbGOWR tHisp @S NAIaIBRESApASIRY! ArDpIP U a lower
the inlet opening. 2. Centrifugal pump according to claim 1, characterized

in tRAYRh&BAR ot %%%ﬁh&fd@ﬁﬁé’%'é??aﬁ(&é’&%scﬁ’ﬂf%@‘ﬁ?ﬂwé‘ that a bottom
boti@n whths3p GraptHBigHh@UMPIRgeoteimeatiatitgishénthpr actar@egkit with at least
that the back flow affecting means is arranged as ridges in the bott%mi
wall %, PLANSYSBURRS LB ATECE ) SF e WrelEcr Jafing the lower cover
chatacteszediingtbatia sialt pdrtaitherback ftow iaféecipenimgans facing
towards the inlet forms an angle (f3) with the plane of the bottom wall
which is in the range 85 to 95 degrees.

Centrifugal pump according to claim 1, characterized in that the back flow

affecting means is arranged as grooves in the bottom wall.

Centrifugai pump according to claim 1, characterized in that the back fiow

affecting means is arranged as ridges in the bottom wall.

Centrifugal pump according io any of the preceding claims, characterized in that a
wall part of the back flow affeciing means facing towards the iniet forms an angle
(8) with the plane of the bottom wall which is in the range 85 to 85 degrees.



