-1- . 2136509 VORTEX PUMP The present invention relates to a
vortex punp where- in an inpeller is housed within an inpeller chanber and
a vortesgghanber is generally a free space. A vortex punp is usually

enpl oye®/or punping |iquids containing a substanti al armurzloéiégdf .
matt er h as solids and/or fibriformsubstances. This ki I gn

matter causes clogging of punps Vaﬂﬁﬁxoﬁﬁhitlon Therefore, 10 in the punps,
of prior art, an inpeller is generall’y houSed within a pocket or a recessed
i mpel | er chanber and a vortex chamber is arranged to be generally free of
the rotating elenments, i.e. the inpeller. However, such punps of prior art

are not satisfaopsyp ééséhahlﬁeéaesbnt SehBecRUERD &f RoFit@RC Yputipd vhddress  of
rel eas- ing air fron1the i mpel l er chanber, "etc. If it is intended to solve

t hese dr awbanksinwyeEkéenils ngonbedi wiehkar a0 impe 1Vert ehanberband tahere
woul d be the problem of blocking or clogging of the punp. 20 Accordingly,
it has bemrtexichaimberi iwrgenepaldpyehf frieenspaice.vort ex punps wit hout
‘causi ng the drawbacks referred to above. Therefore, it is an object of the
preserd invention 25 to provide an inproved vortex punp having an inproved
punp efficiency and the capability of admtting and passi ng relatlvely

| arge pi eces of 407%¥5ﬂxnﬁP¥ErlﬁﬁPﬁﬁéﬂlyaeyp%gy Zox] ByPIRIo L 1Gvd SFunp.

Accordlm%ontalélng ggggganL n%hgﬂnt o %orelgn matter such as
é§ solids and/or fibriform substances. This kind of foreign @%
matter causes clogging of pumps under operation. Thefefore,
10 in the pumps of prior art, an impeller i§ generally housed
within a pocket or a recessed impeller chamber and a vortex
chamber is arranged to be generailyzfree of the rotating
elements, i.e. the impeller.
However, such pumps of prior art are not satisfactory
15 with respect to the pump efficiency and easiness of'releasé
ing air from the impeller cﬁamber, etc.  If it is intended
to solve these drawbacks by extending the impeller to the
vortex chamber, there would be the problem of blocking or
clogging of_the pump.
20
Accordingly, it has been desired to improve pump
efficiency in vortex pumps without causing the drawbacks
referred to above. |
Therefore, it is an object of the present invention
25 to provide an improved vortex pump having an improved pump
efficiency'and the capability ofladmitting and passing

relatively large pieces of foreign matter without causing



provided a vortex punp -conprising: a punp casing 5 consi sting of
an inpeller chanber and a.vortex chanber conmmunicating with said eller
chanber, said vortex chamber being provided with a suction openlgggit a s
portion .opposite said inpeller chanber and a di scharge opening, ™
| npelNer -chanber and said suction opening 10 ~ being axially aligned; a
not of supported on said casing and having a shaft, the distal end of which
extends into said inpeller chamber in aX|aIiy allgned relation therewth;
and an inpeller of an open type having a main plate and plural bl ades on
one, si.de of sai d.{1ByHidg of Pﬁéiﬁu d mounted on said distal end of said
shaft so as to be di SpoSed in sa npel | er chanber so that said bl ades
face said suction opening; wherein the radial outer ends of the bl ades of

said inpeller defl ne J&é@@r@ S, tat - |tQ‘iéSt @ﬁééeﬁ Wihebnt 68 t theviede vl |
of 20 said | ural Dblades are groauped
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therewith; and an impeller of an open type having a

main plate and plural blades on one side of said main

15  plate and mounted on said distal end of said shaft - so

as to be disposed in said impeller chamber so that said

blades face said sucfion opening; wherein the radial

outer-ends of the blades of said impeller'define free

edges, at least part of which face the side wall of

20 . said impeller chamber, and said plural blades are

grouped into at least two groups, one being a group of

wide blades and the other being a group of narrow

N\ blades, the maximum axial width of each of said wide

blades being broader than the maximum axial width of

25  each of said narrow blades so ‘that the open end edges

of said wide blades extend into said vortex chamber;

each of said blades being shaped to have an open end

edge comprising a parallel portion parallel to said

main plate and a slanted porﬁion inclined forwardly and

30 outwardly from a region. near the centre of the main

plate of the impeller toward said parallel portion, the_

inclined angle of said slanted portion relative to said

main plate being greater in the wide ._'blade' than the

inclined angle in the narrow blade; said wide blades

35 and narrow blades' being arranged__circumferentially
while keeping an equiangular relationship with each



other so as to provide a dynam c and hydrauli ¢ balance to said inpeller,

- the nunber and configuration of the wide and narrow bl.ades bei ng sel ected

a eterm-ned so that a flow passage is formed from said suction opening 5
t ai d di scharge opening through said vortex chanber to allow the pasgjng
of a sphere having a dianeter equivalent to the distance between the
paral l el portions of the open end edges of said narrow bl ades and the
inner surface of the wall of sgid vortex 10 - chanmber provided with
sai d suction opening. The further obJects and advant ages of the present

i nventi agthe kb asbwr&ovﬂ@aé d%%ﬂuc WA hydlaillied glespldtion s -

reviewed in %Wﬁiunctlon accanpanyi ng dramﬁngs a brief
~expl anat ¥¥n S8LAnHTRE F ey ?l 'B&?‘b&é’ o"W FF@nfigF’s'aElgPdé’felté\Pat i onal _
view, paridelaydi nageowi bladek aae\mrg @elrumd)faﬂdﬁeaqﬂemmwd ;8020 '
Fig. 21 CrLo L, ige seGt r fo the present
| nventi oﬁh&: 3 ?303 %L ggﬁ \i Vﬁ e%f % s%%zgs Vi e\?‘&eg‘ apeﬁ'\d.r}q ne Ii1-111 *
n¥ig. |agd Aisghargs capegunm lrémoaxgés sai@xyboted \Ghamzsyr  of a
fract oneé l%qubvpf thée pi@&ix{&f oC‘FClQrdé;E}gefé) hta%lagessntdlam&&f on; - and

Fig. 5 che : lustration - haracterlstlc o
curves e?%ﬁval%%ﬁpaFPngth?hedlﬁFé§€ﬁt|9ﬁﬁﬂﬂ9%ﬂlﬁhﬂ pRafald@l 30 Before
descri bipgréiwngr efenihe nopehi @nd i dgeghicHessDdVaaired tlﬂakﬂe@f l'y explain

'~ the pr'cgn&”ttﬁg"jfﬂker surface of the wall of said vortex .
10 chamber prov1ded with said suctlon opening. : _ _'\J

The further objects and édvantages.of the'present
invention will become clear = when the detailed
description is reviewed in - conjunction with the

15 aceompanying drawings, a.brief explanation 6f which is
summarized below. o

Fig. 1 is a side elevational view, paftially' in
. section, of a vortex pump-of'the prior'art;' '
20 | Fig. 2 is a cross sectional view of a pump section
according to the present invention; -
Fig. 3 shows an impeller of Fig. 2 as viewed along | o~
line III-III in Fig. 2;
Fig.. 4 schematically 111ustrates an exploded view

25 of a fractional part of - the 1mpeller accordlng to the
present invention; . and
Fig. 5 is . a  schematic - illustration of

characteristic . curves for comparing the present
_invention and prior art. -
30 | | |
Before describing the present invention, it might
be eonvenient to briefly explain the prior art and an
example of the prior art pump is illustrated in Fig. 1;

35



exanpl e of the prior art punp i$ illustrated in Fig. 1. 35 I'n this g

1, an exanple.of a vortex punp of prior art used as a submersible pu S
shown wherein 1 designates a punp casing which is coupled with a not or 3"*
through an internediate casing 2'. An inpeller 5 is nounted at the 5 tip

end of "a notor -shaft 4' .so as to be rotaged by the motor 3'. The casing 1
conpri:ses an inpeller chanber 6', a vortex chanber 7' and a supporting |eg
8' . The  vortex chanbEn ﬂhlsstgovldedhvexamBAGUQf|@nVOQEaxngumﬁ ofirprior
conmuni cation with the inpeller chanber 6' at the portion opposite the
opening 10', ank uee@raShafsuhmershblenp@mpemsoabmuerwmerehe 1ndesigrates
openlng 10 belng aligned on the central _axis 9 I mpel ler. 5 conprises
a’‘nmain shround BRMA %ﬁnqswhbqﬂates19°uahedawramrerm@9°5f3b|‘alare%ug_la an | p

this punp, in, order revent the, pu era from cl oggi n the
foreign natte?“t?ﬁﬁe%fﬁgﬂs?%ﬁkPgrgfatHgﬂ i#e¥h§r tm%ﬁg %@r? i HR®g to
the flow of |]guids,coptaini f n tter ns d PLE fera

bei ng 20 >t &Ra“6F" & pabd: ShEFQ 4D b e B R ESTRERT oy oFft RSt

respective regerence characters is noted below D's : the dianeter of the
suction opening 10, C : the distance betmeen atip edge 14' of the 25

bl ade 13' and an i ntghgakaSHE; afCodmoPlalboatldpai1tboanambex ghanker 7
havi-ng the suc- tion opening el nafter %p y re erred to as the
axial gap of %BEtQkaéﬁaﬁbQi YA and a supporting leg 8'. - The vortex
.'¥2. o chamber 7' is prov1ded with a suction opening 10' and .
| 10 communication with the 1mpeller chamber 6' at the portlon
H opposite the opening 10', the motor shaft'4', the impeller
.chamber 6' and the suction opening 10°' beihg_alignédeon the
central axis 9°'. | '
The impeller 5; comprisee a main shround or a main
.15 plate'izr-and a plurality of-blades.l3r;'_In this pumo, in
| order.to prevent the pump operation from clogging by the
foreign matter, ‘the dimensional relatlonshlp of the portlons
_pertainlng to the flow of 11qu1ds containing forelgn matter
is considered as preferably being
20 = D's'=C' = B'v = D'd
wherein the meaning of the'reepective reference'charécters.
is noted below. | |

the diameter of the suction opening 10°,

. D's :
‘ C' : the distance betWeen;a.tip edge 14' of the
25 '  blade 13' and an internal surface 15 of the

wall of the vortex chamber 7' having the suc-
tion opehing 10' (hereinafter simply referred

- to as the axial gap of the blade tip),



-4- B'v: the axial width of the vortex chamber 7'; and D d : the dianeter

&

of g.di scharge opening 11'. The above rel ationship is generally to be
recggpend- ed; however, in sone instances, Ds may be arranged to be 5
bar than the others, nanmely C, B'v and Dd, in order to avoid |oss at
the suction opening 10' so that-4#s =C =B'v =D d wherein L's is the herght .
fromthe bottomof the water to the | ower surface of the suction opening
10'. 10 - . B'v aAttheaxiglk widkh ref dthenuiipe:C chamber i %" rengd ai ned so.
that the inpeller blades 13 'do not extend into the vortex chanber 7' and

are housed W thin thee dianeter ofa idincharge mpaming 115 As

briefly touched upon in the background explana-- tiqn, in the punp of priof
sh

~art such as 109 RAH9VR Selationphip i, g9 i FQREERIIMEN Hhser ved.
*punp % Hlwsr 1 o G thatancady s Sy e Aefifodd 1R B ca T Fig

el {fod D 19 Bty Hane B A L IS A A & aces of

[ oot CPoRE HheTht Chin ' qlicddoh opcithe HE Sithat 10 S5 "™ Rel casi ng.of

air lock is not easy'dWerpt he pperatpqn of the punp is stopped, air m xed
or contained in the liquid, separates fromthe Iiquid and
wherein L's is the height from the bottom of the water to

the lower surface of the suction opehing 10F. - , R,
10 At any rate, the relationship

C! = B'v
is maintained.so that the impelleflbladeé 13 do not extend
.into the vortex chamber 7' and are housed within the.space
of the impeller chamber 6'. .
15 As briefly touched.upon in the background explaha-
tion, in thg.pump of:prior art such as illusirated in Fig.
‘1, the foilbwing drawbacks are observed. That is:.
(1) The Q-H characteristic feature.is not sufficient and o
the pump efficiency is low. - ~
20 In the vortex bump illustratedfin Fig. 1, fluid in
the vortex chamber is not difectly'dauséd to flow by the
impeller blades 13' and it is a vo:tex_flow indﬁced along
the surfaces of the blades which lets the.fluid flow.
| Thérefore, the Q-H characteristic feature is degraded
25 thus 1owering pump efficiency.
(2) Releasing of air lock is not easy.'
When the operation of the pump is Stopﬁed, air mixed

- or contained in the'liquid,'Separétes from the liquid and



-5- stays in the upper ‘portion of the inpeller chamber 6. Upon initiation

of the operation of the punp, the air thus dwel- ling at the upper portaﬂb_:
of the inpeller chanber 6' is not easily drawn or mixed into the |iqui deS#h
that theiair tends 5 to remain and to cause an-air lock. In order to =7

prevent such an air lock;, a vent hole 165-is provided; however, the size of
the vent hole is generally smal |l and, if highly concentrated I|qU|d S
handl ed" by thstaysp1n|thesuppérepeytLOnhaﬂethéelmpappeﬂ ehamberapé.t hupongh

t he.vent hole 16 10 (3) I'f it is intended to extend the blades into
t he .vort ex ch&nﬁbiatibnsofatheoopbrahienthé thevwbuoks théeairdthosidwely
and (2) above, the dinensional limt for allowing foreign matter i s nmade

sril [ er t her ebingnakesbenuPPAE pessionpefi theoimpedigr nghamirer ﬁreéénPOt

i nvéntion effectlvelg 15 sol ves the, drawbacks above which will be exglalned
her eunder . Reeesiing F8fPt 8X FPgXed, inter be légnidnae thal theadptinp B%%ing

portion acgorg to.the gsentulnventlon % gllugtratg mﬁére n. th
references as ?@afﬂ ﬁPB ? S843F2BPtbyeldCexcl uBi REUBF Pﬁ%?%? n1[n
each Gase. sagﬁr BhPRERCEBCR ol PehE pE9ATIRY £8 gggg;&g&nthégew9bpg,‘a

Fig. 1 unless otherw Se specifica

type and conp S n t d p | II ,

nanel y bladesrshégS ?gaggﬁdvgkgdggi%SEE g%ﬁ@rﬂ??% §m§gé gﬁ gﬂifranged

so that the wpghBehBPatal lh?u@haﬂﬁshéﬁéléaaﬁyrEﬂe'ﬁuﬁb? ﬁ%'ﬂk ﬂbieéas nis
larger .than the width (Ba) of the blades 13a Tn the axral direction. For

conwgpi ence, tbehhbad63e182a§§€d air escape through the vent hole 16°'.
| .10 (3) If it is intended to extehd_the blades iﬁto the_
vorfex'chamber 17f so as to'obviaﬁeithe dréwbacks.referred' |
to in (1) and (2) above, the dimensional limit'for allowing
foreign matter is made smaller thereby increasing £he possi-
bility of clogging.  The presentlinvention effectivgly.
15 solves the diawbacks above which will be explainéd
- heréunder. | |
Referribg.now to Fig; 2, a crdss sectional view of a
pump casing portion_according to the present invention is.
.illuétrated wherein the same references as those in Fig; 1
20 ére%empldyed eXcluding prime therefrdm in each céée; These
| references are to be regarded as equivélent to those in -
'Fig. 1 ﬁnléss otherwise specifically noted.
| An impeller 5 is of an open type and compriées a main
plate 12 and two groups-df'impeller-bladés;.namely'blades
25 13a and blades 13b. The bladés'i3a and 13b are arranged so
| - that the width (Bb) of the blades 13b measured in the axiél
direction is larger than the width (Ba) of the blades 13a in

the ax;al-dlrectlon. - (For convenience, the blades 13a are



-6- referred to as narrow bl ades and the bl ades 13b arée referred to as w de
bl ades.) That is, the following relationship is to be nmet. Bb > Ba 5
Th§§§lades 13a do not-extend into the vortex chanber 7 and the gap or

ti s¢ance Ca between the open end edge 14a of the narrow bl ade 13a and the
opposi ng surface 15 of the wal l~6ef the vortex chanber 7 is made equal 6

the axial wdth (Bv) of the vortex chanber. That is: 10 Ca
=Bv. refearred tteeashaadrowhdlades unduameabdadﬁs éﬁbend@dnaf&ﬂm&daX|al _
direction so that the open end edge 14b of the respec- tive blades pr ot rude

i nt o tch@sy aride bdiaglesen 7 Thaty ig,nthe foddowings relationsitigy dSore, the
following relationship is established. Cb < Bv Cb < Ca wherein Cb is the

di st & Po@&teen the open end edge 14b and the surface 15. 20 . The -°
pl aner ariangenent thﬁ’blades 13a and 13b is shown in Fig. 3. In this °
enbodi nent, the nu %l ades i s six and the six blades are di sposed

¥ 1o s BB A o B A T
3ﬁ2 cl Ircurnc erer%%.}e%fib&ﬁ'giﬁﬁ\ged%ablh%%%%eﬁgh%% t?)ltadtl Cellrﬁ'o_ afhteob?;\dliage.
shoulgk e HarkdW Yiade 13a and the opp051ng surface 15 of the

wall of the vortex chamber 7 is made equal to the axlal :
width (Bv) of the vortex chambe:. ‘That is: ' W

10 . Ca = Bv. | |
On the other hand, the wide blades 13b are extended in the
axial direction:so that the open end edge 14b of the respec-
tive blades protrudé”into-the ﬁortex_Chamber 7 by a dimen-
éion P. |

15 Therefore,-the-following'relationshib is established.

Cb < Bv |

Cb < Ca )
wherein Cb is the distance between the open énd edge 14b and .
the surface 15,. _

20 The"plane: arrangement of the.blades.l3a and 13b is"’
shown in Fig. 3. In this embodiment, the number of bladés
is six and the six blades are disposed equiangularly with
each other with respect to the-cenﬁer-axis, the number of"
the wide blades 13b being two and fhe-numbér of the narrow

- 25 blades 13a being four Qhereby the wide blades 13b are posi-

tioned so as to divide thé circumference of the impeller

into two.-

The total number of the blades should not be a prime



-7- nunber fromthe Viémpoiht'of;the dynani ¢ bal ance and hydrau- lic

bal ance of. the-inpeller, and is arranged to be an inte- gral nunber N
mul tiplication of a certain nunber "n" wherein the circunference of thg @ﬂ@b\
|npelkgy‘|s equal |y divided by "n" 5 and the wide blade i's di sposed as
every "n"th blade in the C|rcunferenC|at7d|rect|on As the nunber "n", any .
nunbert may be sel ected, for exanple as follows: n total nunber of bl-ades
nunber of mnd@uypggegrgm the viewpoing of the dynamic balance ang hydrau-

3 8. - 4 10 5 12

6 3. lic galance of the impeller agdgls arranged to be an 1nt§-12
4 4 '

Hovever, the gEF&aPuPBF§|mH&ﬁ&E}ISPt&P§d8§ PscﬁFEFéPaBF?bsgleEtethgeﬁgn or

5% Lo 1 Mg AR GRC LAY Tpbd o600 BEERSSy BIG0AG HgBer
parallel tg t%%d”%h'& Ridkepizaendsdais Bkgp BY" Liveeyl9an 1B 1bAE ?Be@he

relative td the main ate ‘respec |ve adlal |l ength (Ta) of 15
the parallel E&&Eh&&e%%%c;%lpB&E@E%th ”aﬂﬁ %ﬁﬁahuhBeEh@n“adhﬁ hengek (Tb)
of the parallel portion 18b whereby the portion 19a is dlspose at.a

smal | er anglemhglgblgglb@tbhq Eamne&haerlast&anlbbe sportion 19b. However,
Ta and Tb may

g,; n | total number of“hlades_ number ef wide blades

N

2 4
| 6
8
10
12

3 ' 6
12

4 ' 8
S 12

W N[ & W Doy Ut o AhWw

However, the actual total number of blades is preferably
selected es'ten or less from the viewpoint of manufacturing
10 convenlence. |
Each of the open ‘end edges l4a and 14b of the blades
cemérlses a parallel portlon 18a, 18b parallel to the main
plate 12 and a slanted portlon 19a, 19b inclined relatlve to
the maln plate 12, respectlvely. The radial length (Ta) of
15 the parallel portion '18a is preferably made equal to the
'radlal length (Th) of the ‘parallel portlon 18b whereby the
port;on 19a is disposed at a smaller angle relatlve to the

main plate 12 than the portion 19b. However, Ta and Tb may



-8- be different length but the inclined angle of the slanted portion 19a
is geferably smaller than that of the slanted portion,I9b. The angle of
sué%?wuﬂination is preferably. 450 or less for the narrow bl ade 13a and 55
or ss for the 5 wide blade 18b. Also.the relationship between Ba and Bb -
is preferably given by the folltﬁﬁng equation. Bb = (1.2-2)Ba Regarding”the

TR et 08 12 G0 el A5 AR 71
1 Epfee 10 o e PR I b Anda 00 %
foi 1 R0 RIE L mETie e BN TLMB BN AR, D70 wane
.(B'llo'b?no ;t ecggér%t?f%?t%gér]t%%}%b an. %?%f:?ie%fi%ﬁb%%%% éf%ﬁt eI glngtn{.]ed-
ggitiﬁ{aéqgla&gclgbgre-selected on the follow ng. basis, assuming that a

ere having a di aneter [err]_equjvalent‘tp the gap Ca is not to be
cl ogged, durAléo ttife OPE12¢ionspip HEtwe e, Bd MAd B aBsS geife £SraTypm t he

suction opening 10 through the . vortex chanber 7 to the discharge opening
11. dgiven|byfthdefdl Folebngireqdatien. having the width Bb, respectively,
only a sphere having a dianmeter D2 or less is allowed to pass through the
passage. o -9-. Bb = (1.2-2)Ba ' ' '
 Regarding_£he diménSion of P, whiéh is the distance ,
10 by which the Blades 13b'protrude into the vortex chamber 7,
it is giveﬁ'the fbllowing télationship_relative to thé axial
width Bv of the vortex chamber 7, that is:
P = (0.06-0.5)Bv.
The following relationship might be more preferable.'
15 - P = (0.1-0.5)Bv
Several factors or values for.the blades aré deter-
mined as follows. _ _ | |
For.the'wide b1ades 13b, the humber thereof, the
blade axial.width Bb and the configuration of the 6pen end
20 edge l4b,.(iwe. the length (Tb) of the parallel portion 18b
and the inclination angle of the slanted portion 195, etc.)
are selected on the foilowing basis, aésumihg that a sphere
_having a diameter D3 equivalent to the QapICa is not to bé
. clogged, during the opération of the pump, in_the.passage
25 from the suction bpéning 10 throﬁgh the vortéx:chamber 7 fo
the discharge opening ll._lIf_all of the blades are formed
having the width Bb, réspectivély, only a sphere.héving a

diameter D2 or ;ess:ié allowed to pass through the passage.



At the region near the ‘central axis of the inpeller 5 the space between
the adjacent blades becomes narrower so that the width of each of the -«
bl ades is nade narrower to provide a slanted portion 19a or |9b and the
slantgd portion 5 is merged to the main plate 12 wiith an inclined angl e~ A
part iof the inpeller blades is schematie8@'y illustrated in Fig. 4in a
devel oped condition to show the rel ationshi p between the di mensi ons -
concer néd, such as Cat €he DEngn,nBaramheBbewweaéyaxlbopfcmheeamaﬁdéereach'
blade 10 is illustrated as having a flat .shape. However, in Fig. 3, the’
bl ades -13a anr1%Beaspace betweend the adinrcens bledesThecomess nazromes
portions in Fig. 3 are_the paraIIeI por- tions_|.8b of the w de bl ades 13b
whi'ch are, as ¢ e thermddth of gaeh Ofaithenblades| iel made POXEOYEX &P

th 15 bl 13 bl aq th Bb dt h f th
A fiagef egpr Lopnade nn A%k ane. sheneL a%aed[ BorLon
=Ca) wh h t 1Q t
Chamber 7 Bay 12 RBERRR, 4 I mal% Biislecd 20 %hb?gda«dfﬁansst an%%ixnot be
obstructed thereby bﬁpéglemlg Ereﬁh%eﬁﬁi 15 %d%s ”Qcﬁ%ﬁﬁ% % n the
| I'AQ

wi de blades 13b to t scharge o romwhere 1t I SChar ged

outwardly. Wizhaksieha o0 19 P4RS Qf i ﬁdﬁ%v%ﬁ%de'd' k':%hﬁ@.tt“i@na‘&% SHoW2 thed

wi.th respect to the enbodi nents shown in Figs. 3 and 4, another

group of b|ad&%lﬁ&ioh%hﬁ@0%bﬁﬁéen feble a&m@hsab%s %oﬁb@&ﬁe@f Bueticaseaal)
having an internmedi ate wi.dth between the width Bb and Ba may be provided.

Al s6./t he nar Gy Dhiad®s,13a amd BB shexldin,efoendenveniencles eacheblade
chamber 7,, at the same tinme, of course, keeping the rela- tionship of
10 is illustrated as having a flat shape. However, in Fig. 3,
the blades 13a and 13b are illustrated as curved blédee.
The cross hatched portio#s in'Fig; 3 are the parallel por-
tions 185 of the wide blades 13b which are, as viewed in
Fig. 3, ﬁigher than the parallel portions 18a of the narrdﬁ
15 blades 13a. The blade ﬁidth Bb'and_the shape of the wide .
blades 13b_are.determined so that a sphere having the diame-
ter D; (=Ca) which has passed through_fhe.suction Qpening
10 intp the vortex chamber 7 may come into collisibn with
'the wide blade 13b but it may not be obstructed thereby but
'26 will freely pass the flowing space between the wide blades
.13b to the discharge openlng 11 from where it is dxscharged
outwardly., ‘ o
Whilst the two groups of biades are illustrated and .
explained with'respect to the embodimenis shown in Figs. 2,
25 3 and 4, another group of blades may be proﬁided.- For exam-
ple, a aroup of blades each.haﬁing_an intermediate:width
between the width Bb and Ba may be provided. Also, the

narrow blades 13a may be axially extended into the'vortex'



Bb > Ba. The intake side edge of the suction opening 10 5 directly opening
to e liquid is preferably arranged to be sharp. If this edge is rounded -
soN&®*to reduce the resist- ance of the liquid flow, the shaft power
i‘ncreases as the discharge increases beyond the specified di scharge and
even induces an overl| oaded cond+i®en of the punp when the dis- 10 chaﬁgé

i ncreases beyond a certain value. Should a conduit be connected to the
suct i champeni g, at htheasamei time i odf agoubeee keéping thescelaegarding the
shaft power. If _the intake side edge of the suction opening 10 is sharp, .
t he shaPRSPdRePfreaches the ‘maxi mum value at a certain point 15 beyond the
speci-fied discharge_wﬂereb% such punp exhibits an operation free from-
overl oadi ng for ail B e>dB tating conditions with respect to the limt-I|oad-*
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f : i . ted . pr es
Lp;ggghgggvgyxbegggmgé'%gdraanaga 8853 gﬁ% rec%nat‘:é @H&&é@f@tp the

xten intd the 25 vortex c er 7/, - the size limts of the

for ei gAcaBédEethal 1 pgeIa t S1ORS SLhET SNEPL t PowdHDndF 82664 a€0tced and the
sane size of matter as previously allowed to pass when all the bl ades are

t he saiBchaz@e afnéheadsdeeydid thesépétified dischatdevendtevemss through.
(b) The liquid in the vortex chanber is directly driven by the portions
of thindhdesbandeseiBbadedecondstbbntol theppump when the dis- o/
10 chafge“increases beyond a certain.valﬁe. Should a conduit
| be connected to the suction opening, the same situation as
above will be caused regarding-fhe shéft_power. If the
intake side edge of the.suéfion qpening lo_ié sharp, the
shaft power reaches the maximum value at a certain éoint
15 beyond the specified diécharge_whereby such pump exhibits
an operation free from overloading for ail the 6perating
conditions with respect_tb the 1imit-16$d characteristic;
This is because the-suctian”bpening-lo héving'the sharp edge
directly opening to the liquid effects to_céuse contraction
20 of the flow in a manner somewhat similar tolthe situation in
an orifice whereby flow_fate through the opening is limited.
The advantages of the present invéhtion may bé summa-
rized as follows: | _
(a)  Although some of the blades are extehded into the
25 vortex chamber 7; ﬁhe-siée limits of the foreign matter .
allowed to pass through the pump are not reduced and the -
samelsize of matter as previously allowed to pass when:all

the blades are the same size as the blades 13a is still



i s reduced, and the O H chéracteristics_ahd the efficiency 5 of the punp
are inproved..As an exanpl e of such inprovenent, conparison between the
present invention and prior art is illustrated in Fig. 5. The curves 0425}
this Fig. 5 were obtained through experi- nents conducted by using a prior
art pﬁﬁp'and.a punp accord- 10 ing to t4Elpresent invention. Prior Art:
| npeller Dianmeter : 269 m m Bl ade Wdth 2 25 mmAQutlet Angle
([err]): [errdllicwed to pasaintlerowdhBl ades : 8 Present ‘Invention:
| npel ler ‘Diameter @ 269 mimQutlet Angle [err] = [err] Nunber of Bl ades
. .8 200 ° (b) WThe Bigiq 13b)the vortex whaibeie (9 tredt 1y abiwanit h
Wde Blade (Bb) -~ : 60 mim Narrow Bl ade (Ba)_ _ : 25 mm 25 :
Prot rudi ng Di rshsths patigss min the wide hladesading the lessl 9brthepppmp
test's, ‘having an opening size of 65 m'mand a dj scharge openi ng_sjze of 65
mm  Axial wikf FeAugedy \and she Rmfh Shamgtepissirs apd the gffygiency
Because of the -q&; t hat the|€£éions-of the wide bl ades 13b extend into
the vortex Thdlber?y REFRATS ¥ he 1 quid to induce the vortex flow
strongly, air trapped} g NPl ' Sf SR pRo ndli eI UibhddU fadd b &
' the present invention and prior art is illustrated in Fig.
5. The curves of this Fig. 5 were obtained through experi-
N - .ments-conducted-by using a prior .art pump and a pump accord-~
10  ing to the present invention. '
Prior Art:

Impeller Diameter : 269 m/m

 Blade Width . : 25 m/m
"~ Outlet Angle (B3) : 45°
15 ‘Number of Blades : 8

Presént Invention: .

Impeller Diameter : 269 m/m

. . ~ Outlet Angle (B) : 45°
N ' o ' -

- Number of Blades : 8

20  °  Wide Blade (13b): 2

Narrow'Blade (13a): 6
- Blade Width

‘Wide Blade (Bb) : 60 m/m

' ~ Narrow Blade (Ba) : 25 m/m
25 Protruding Dimension (P): 35 m/m

The same pump casing was used for both tests, having
an opéning size of 65 m/m and a discharge-opening size of'

65 m/m. Axial width of the vortex chamber (Ba) was 65 m/m.
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5 so as to be easily discharged out of the punp and, thus., the problem of
" airgmlocking is solved. (d) - Because the inclined-ang)e of the.slanted
ppéi?on 18a relative to the main plate 12 is smaller than that of the

s Sl ed portion 18b, the foreign matter contacted by the 10 wi de blad§§
13b may escape towards the sl artl@d portion 18a of the narrow bl ades, tHhus
preventing the punmp fromclog- ging. Also, the length Tb is nade
substaht i al Bpcayael ofothie £ecthihathéhef portiohst b theewbllades acting on
the liquid is substantial thereby contributing an inprovenent in the 15 .
purpbdpdescidbi extendahftenEher VpEtexc ghambarséndigeatly hactromped air +is-
al so_enhanced. .ée% Singe_the slag ed gortions_lSa or 18b are provided,
entaﬁg?e Apids te) LRGUCE RS ¥PEher EheWsaERoRaLY s R bEistFaPReal s i s o

ff iyely. . 13 _.Cl. o q A - i sing: -

c pukh Hhe) BPRTRF CPngost 8ot HERRapa ARFRCHRE HOE ok F LM chanber
G381 HEPBORSF SETAR°8F an’ chalD 9 charber

oBovt Acieu it baatFy (s BRRaF e BAETSE, end blp 809 st TG 1 or

chanBeppanl 8rdh$ebapeRiAGeDsNgo1vald | npel I er chamber 10 and said
suction opening being axially aligned; a notor supported on said casing and

havi ng)a shpétauskhehedifitdine@N8ng®é ophigd sEXhe€8ESpoifién S&4d inpeller
chanber in axially aligned relation therewith; and an inpeller of an open

t yperbautigeatsnthelbain plate 28dipl smallbt adRanochateosi ke of . said main
pl ate and nounted on said distal end of said shaft so as to

slanted portion 18b, the foreign matter contacted by the S
10 wide blades 13b may éscape towards thé slantéd_portion 18a

of the narrow blades, thus prgventing.the pump.from clog-

ging. Also, the length Tb.is ﬁade'substéntially eqﬁal to Ta

so that the effect of the wide blades acting on the liquid

is substantial thereby'conﬁributing an'improvemént_in the
15 pump charactetistics and the efficiency of discharging the

trapped air is also enhancea,

{e) Since the slanted portions 18a or 18b are provided,

entanglement of elongated fbreign items such as fibrous

materials is effectively prevented.



be di sposed in said-’inapell’er chanber so that said bl ades face said suction .
openi ng; wherein the radial outer ends of the blades of 20 . said inpell
define free edges, at 'l east part of which face the side wall of said éggb
i npel l.er chanber, and said plural blades are grouped into at |east two

gr ougs; one belng a group of w de blades and the other being a group of

narrQw bl ades, the maxi num axi al w dth of each 25 of said wi de bl ades

bei ng: broader than the maxi num axial w dth of each of said narrow bl ades

so that the open end edges of said w de bl ades extend into said vortex

chanber; each of said blades being shaped to have an open 30 end edge
conprising a parallel portion parallel to said main plate and a sl anted
portion inclined forwardly and outwardly. S, regi on near the centre of

the main plate of the i npel ler toward said parallel portion, the inclined.

-angl e of ‘said slanted, p t Os & d 35 mei n plate being
greater in‘the de gzlxa‘go ’grél?{!é ‘lwn@%lnseax?%hgl e in the narrow bl ade;
14 sai d wi d® bl ades amdpwmpr 09adingesdnsimting anfedri L@Hﬁﬂ-é#éntqlmm@ﬁr

while keeping an@Na wSt&KIBhghbes! %dn@diﬁﬂ'd%t‘ﬁ!‘ng‘ woeh Qstﬂar ﬁfbealsietro
prOV|de a dynan1c and hydraullc bal ance to said | npel'ler, the nunb nd

configuration oFhampRE: ;gpid aﬁ@r%r&ha“ﬁeédegelﬁﬁl nar%’lé}@%‘?ed'”a*rﬂj a
det-erm ned so thﬁhcméﬂ;omgmﬂsaggearts aorpeek {610 Moppiod itect said opmpeid o

o S har o2 BENAG  EALL CELYRGL “GpBHERRS shaa pahs: RIS
U 10 ~and said suction openlng being axially aligned; _
a motor supported on said casing and having  a
shaft, the distal end of which extends into said
~ impeller chamber in axially-aligned relation therewith; '
and an impeller of an open tYpe having a main
15 plate and plural blades-on one side of said main plate
~and mouhtéd on said distal end of said shaft so as to
be disposed in said 1mpe11er chamber so that said
blades face said suction openlng,- . _
, wherein the radial outer ends of the blédes of
| 20 said impeller define free edges, at least part of which
| face the side wall of said impeller chamber, and said
plural blades are grouped into at least two groups, one
A - being a'_group of wide blades  and- the other beihg a
o group of narrow blades, the maximum axial width of each
25 - of said wide blades being broader than the maximum
' axial width of each of said narrow blades so that the
open end edges of sa:.d wide blades extend into said
vortex chamber; '
each of said blades belng shaped to have an open
30 end edge comprlslng a pqrallel portion parallel to saiad
main plate and a slahtéd'portion inclined forwardly and
outwardly from a region near the centre of the main
plate of the impeller toward said parallel portion, the
inclined angle of said slanted portion relative to said
35 main plate being greater in the wide blade ‘than the
- inclined angle in the narrow blade;

| RN O R -



10 di stance between the parallel

narrow bl ades and the inner surface of the wall of- said vortex chanber
vided with said suction opening. 15 2. A vortex punp as clainmed in

portions’of the oﬁeﬁ end edges of said

m 1 wherein said narrow blades also extend into said vortex

mber

while maintaining the stated relationship in the axial

wi dt h

bet ween the w de bl ades and narrow bl ades. 20 3. A vortex punp as

claimed in aim1 in which the relationship of P =

(0.06-0.5)Bv is

mai nt ai ned, wherein P is the di nen¥#on by which the w de bl ade protrudes -
into the vortex chanmber, and Bv is 25 the axial width of the vortex
4, Saiﬂv@ﬂ@9<kﬂﬂﬁﬁ%sa@ﬂamREQOWnhiqﬁaaub&ﬁnq}Qﬁrnnged2 or 3in

and sai d.

chanber .
whi ch t
w de bl
A vort

BErEanQErEHE@Eil?f bl@ﬁqsa i s ﬁegyiﬁ?pl €a0f AediiLHGI1aF

a ose ver

h C|rcunferen ial position. 5.

t-
gﬁfaﬁaﬂﬁsh B W&FE ﬁé&h iaEhesr, fo G tQPEQHES) % IYRILY ai ns

wher ei nah@ie hiydrakid isi dmledge oéothelauempemleaenmg duntasy yampeni ng to
liguid 5 t e ar d A vortex punp as
g E&m@ épgggog of. th é%ggt O$n§ gx?agr%w i ﬁ%fades e:zng 3or 4. 7.

clai ned

wherei n"sai d one

A vorteglepuﬁﬁ and cdetexmined soy thate aof flowe Bassaapeecmh ng C-ains
wher ei ngobhigal NELoMCds ! Bsuitie 561 d oMl 1 a@ss §§J_é50df§cﬂ.ﬁs%er

inclined angle of said narrqw bladesis 4 | ess
as cl aPReRing tgﬁyuggnesaéﬁ s tex chamber to allow

10

15

20

25

30

35

passing of a sphere hav1ng a diameter equlvalent to the
distance between the parallel portlons of the open end
edges of said narrow blades and the inner surface of
the wall of said vortex chamber'_provided with said
suction opening. | '

2. A vortex pump as claimed in Claim 1 wherein said
narrow blades also extend into said_ vortex chamber
while maintaining the stated felationship in the axial
width between the wide blades and narrow blades.

3. A vortex pump as claimed in Claim 1 in which the

Irelationship of

- P'= (0. 06—0 5)Bv'
is maintained, wherein P is thé dlmen51on by which the
wide blade protrudes into the vortex chamber, and Bv is
the axial width of the vortex chamber.

4, A vortex pump as claimed in ény one of Claims 1, 2
or 3 in which the total number of blades is a multiple
of an integer "n" and said wide blade is disposed at
every "n"th circumferential pos;t;on.

5. A vortex pump as claimed in any one of the
preceding Claims wherein the intake side edge of the
suction opening directly opening to liquid is arranged
to be a sharp edge. ' o -

A ) O

and t
t ex

he
punp

“/

< =



10 preceding' C ains wherein the length of each of the parallel
portions of the blades is.substantially equal for both the w de bl ades a
t he narrow bl ades. 9. A vortex punp as claimed in any one of
15 - preceding dains in which the maxi nrum axi al w dth of the bl ades

sati &4 es the follow ng equation:

axi alt width of the narrow bl ades; and Bb is the maxi nrum axial w dth of t
bl ades. 10. A vortex punp substaptially as described herein
with reference to and as illustrated in Figures 2 to 5 of the acconpanying:
drawi ngs. ‘25 30 85 A vortex pump as claimed in Claim 4 wherein said

wi de 20

- -

10"

15

20

25

- 30

35

factor "n" is either one of 2, 3 or 4.

7. A vortex'-pump as claimed in any one of the

D

Bb = (1.2-2)Ba wherein Ba is the nmaxi num

he

preceding Claims wherein the inclined angle of said

wide blades is 55° or less and the inclined angle of
said narrow blades is 45° or less. |

8. A vortex pump as claimed in any one of the

_preéeding' Claims ‘wherein the 1length of each of the

parallel portions of the blades is substantiélly equal
for both the wide blades and the narrow blades.

9. A vortex pump as claimed in any one of the
preceding Claims in which the maximum axial width of
the blades satisfies the following equation:  

k Bb = (1.2-2)Ba

wherein Ba is the maximum axial width of the n‘arrow'

‘blades; and Bb is the maximum axial width of the wide

blades.

10. A vortex pump substahtially as described herein
with reference to and as illustrated in Figures 2 to 5
of the accompanying drawings.'
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