w0 2019/155487 A1 |0 0000 000000 000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 August 2019 (15.08.2019)

‘O 00T 00 0
(10) International Publication Number

WO 2019/155487 Al

WIPO I PCT

(51) International Patent Classification:
F04D 29/24 (2006.01)

(21) International Application Number:
PCT/IN2019/050089

(22) International Filing Date:
05 February 2019 (05.02.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

201841004516 06 February 2018 (06.02.2018) IN

(71) Applicant: CRI PUMPS PRIVATE LIMITED [IN/IN];
7/46-1, Keeranatham Road, Saravanampatti, Coimbatore
641035 (IN).

(72) Inventors: CHINNASAMY, Arun Kumar; 7/46-1, Keer-
anatham Road, Saravanampatti, Coimbatore 641035 (IN).

(74)

@81)

84

PERIYADURALI, Kalimuthu; 7/46-1, Keeranatham Road,
Saravanampatti, Coimbatore 641035 (IN).

Agent: LAKSHMIKUMARAN, Malathi et al.; B6/10,
Safdarjung Enclave, New Delhi 110029 (IN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: VORTEX IMPELLER WITH RADIALLY SPLIT CONCENTRIC VANES

Fig.1

130

[— 100

105

(57) Abstract: Vortex impellers (100) with radially split concentric vanes are described. A vortex impeller includes a suction eye (110)
at its radial center; a plurality of inlet vanes (115) spaced circumferentially at a periphery of the suction eye (110); and a plurality
of outlet vanes (120) spaced circumferentially at a periphery of the impeller (100). An annular passage (125) is defined between the
plurality of outlet vanes (120) and the plurality of inlet vanes (115). Each inlet vane extends radially from the periphery of the suction
eye (110) and the annular passage (125). Each outlet vane extends radially from the annular passage (125) to the periphery of the
impeller (100). Each inlet vane and each outlet vane have a convex face (130) facing the suction eye (110). The outlet vanes (120) and

the inlet vanes (115) have different scale sizes.

[Continued on next page]



WO 2019/1:55487 A [IN 100000 00000 00O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of'inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



WO 2019/155487 PCT/IN2019/050089

10

15

20

25

VORTEX IMPELLER WITH RADIALLY SPLIT CONCENTRIC VANES

TECHNICAL FIELD
[0001]  The present subject matter relates, in general, to impellers, and in

particular to vortex generating centrifugal pump impellers.

BACKGROUND

[0002]  Centrifugal pumps are mainly used to transfer fluids of various
types by the conversion of rotational kinetic energy to hydrodynamic energy
of the fluid. The rotational energy typically comes from an engine or electric
motor. An impeller is a rotating component of a centrifugal pump that uses the
rotational energy from the motor to impart energy to the fluid for its transport.
Vortex impeller and Radial flow impeller are two types of impellers that are
generally used in centrifugal pumps.

[0003] A vortex impeller creates a vortex of the fluid entering the pump
and pumps the fluid out by centrifugal force. The fluids to be transferred may
sometimes contain long strings, large diameter solids, sludge waste or a
combination of all these. This may lead to blocking or clogging of the pump

and may further lead to performance failure of the pumps.

BRIEF DESCRIPTION OF DRAWINGS

[0004] The detailed description is described with reference to the
accompanying figures. In the figures, the left-most digit(s) of a reference
number identifies the figure in which the reference number first appears. The
same numbers are used throughout the drawings to reference like features and
components.

[000S]  Fig. 1 shows an isometric view of a vortex impeller, in accordance
with an embodiment of the present subject matter.

[0006]  Fig. 2 shows a plan view of the vortex impeller shown in Fig. 1, in

accordance with an embodiment of the present subject matter.
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[0007]  Fig. 3 shows a centrifugal pump having the vortex impeller shown
in the Fig.1, in accordance with an embodiment of the present subject matter.
[0008] Fig. 4 shows a side view of a vortex impeller of a centrifugal pump
with a casing partially sectioned, in accordance with an embodiment of the
present subject matter.

[0009] Fig. S shows a graph that illustrates variation of a pump head with
respect to flow for a centrifugal pump having a conventional impeller and the
vortex impeller, in accordance with an embodiment of the present subject

matter.

DETAILED DESCRIPTION

[0010]  The present subject matter relates to a vortex generating centrifugal
pump impeller. A centrifugal pump having the vortex generating impeller of
the present subject matter is capable of pumping fluids that contain solid
particles without the pump getting blocked or clogged.

[0011] A conventional vortex impeller comprises a circular base plate
with an impeller eye at its centre. An outer circumference of the base plate
defines an impeller periphery. The conventional vortex impeller further
includes a plurality of vanes. Each vane extends from the impeller eye in the
radial direction, towards the impeller periphery. The impeller is a rotating
component and assembled in a stationary pump casing. When fluid enters the
impeller through a suction inlet of the pump casing, the fluid becomes trapped
between the impeller vanes and the pump casing, and the velocity of the flow
increases as the fluid moves from the impeller eye toward the periphery of the
impeller, and the fluid is then discharged through an outlet of the pump.
However, when the fluid contains solid particles, the centrifugal pumps using
the conventional vortex impellers may be blocked or clogged by the solid
particles or deposits in the fluid. This leads to performance failure of the
pumps. In particular, axial and radial thrust of the pumps may be increased
and it may result in reducing performance and efficiency of the centrifugal

pumps.
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[0012]  The present subject matter provides an improved vortex impeller
with radially split concentric vanes. The vortex impeller of the present subject
matter comprises a circular base plate having a suction eye or an impeller eye
at its radial center. The vortex impeller comprises a plurality of inlet vanes
spaced circumferentially at a periphery of the suction eye, and a plurality of
outlet vanes spaced circumferentially at a periphery of the impeller. Further,
an annular passage is defined between the plurality of outlet vanes and the
plurality of inlet vanes. Each inlet vane extends radially between the periphery
of the suction eye to the annular passage, and each outlet vane extends radially
between the annular passage to the periphery of the impeller. Each inlet vane
and each outlet vane has a convex face facing the suction eye. Further, the
outlet vanes and the inlet vanes have different scale sizes. The design of the
inlet vanes and the outlet vanes facilitates in creating a vortex to move the
solid particles in the fluid towards an outlet of the pump while the impeller is
being rotated. Further, the vortex impeller of the present subject matter
facilitates in reducing the axial and radial thrust of the pump, thereby the
performance of the pump is enhanced.

[0013]  Fig.1 shows an isometric view of the vortex impeller in accordance
with an embodiment of the present subject matter. The vortex impeller 100 of
the present subject matter comprises a circular base plate 105 having a suction
eye or an impeller eye 110 at its radial center. The vortex impeller 100
comprises a plurality of inlet vanes 115 spaced circumferentially at a
periphery of the suction eye 110, and a plurality of outlet vanes 120 spaced
circumferentially at a periphery of the impeller 100. In an example, the
number of inlet vanes 115 and the outlet vanes 120 are five. However, it is
understood by a person skilled in the art that the number of inlet and outlet
vanes can be of any number depending on the requirements. Further, an
annular passage 125 is defined between the plurality of outlet vanes 120 and
the plurality of inlet vanes 115. Each inlet vane 115 extends radially between
the periphery of the suction eye 110 to the annular passage 125, and each

outlet vane 120 extends radially between the annular passage 125 to the
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periphery of the impeller 100. Further each inlet vane 115 and each outlet
vane 120 has a convex face 130 facing the suction eye 110. Further, the outlet
vanes 120 and the inlet vanes 115 have different scale sizes. In an aspect, a
size of the outlet vanes 120 is greater than a size of the inlet vanes 115. In an
aspect, the inlet vanes 115 and the outlet vanes 120 are elliptical segment
shaped vanes having the convex face 130 facing the suction eye 110. Further,
the vortex impeller 100 includes a back-shroud plate (not shown in Figures)
having a balancing hole.

[0014] In one example, each inlet vane 115 has a vertical side surface
extending perpendicularly from the plane of the circular base plate 105 and a
base surface extending along the surface of the circular base plate 105. A first
end of the vertical side surface coincides with a first end of the base surface
forming an L-shape. The convex face 130 of the inlet vane extends from a
second end of the vertical side surface to a second end of the base surface, i.e.,
between the free-ends of the L-shape. Further, as mentioned above, the convex
face 130 faces the suction eye 110. Thus, as will be understood, the second
end or free-end of the base surface is closer to the suction eye 110 than the
first end of the base surface from which the vertical surface extends. For
example, the first ends of the base surfaces of the inlet vanes 115 are provided
along an inner perimeter of the annular passage 125 and the second ends of the
base surfaces of the inlet vanes 115 are provided along the periphery of the
suction eye 110.

[0015]  Similar to the inlet vanes 115, each outlet vane 120 has a vertical
side surface and a base surface forming an L-shape and the convex face 130
extends between the free-ends of the L-shape. Also, similar to the inlet vanes
115, the second end or free-end of the base surface of each of the outlet vanes
120 is closer to the suction eye 110 than the first end of the base surface from
which its vertical surface extends. For example, the first ends of the base
surfaces of the outlet vanes 120 are provided along the periphery of the
circular base plate 105 and the second ends of the base surfaces of the outlet

vanes 120 are provided along an outer perimeter of the annular passage 125.
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Thus, the annular passage 125 is formed between the second ends of the base
surfaces of the outlet vanes 120 and the first ends of the base surfaces of the
inlet vanes 115.

[0016] In one example, the inlet vanes 115 may have the same structure
but may be scaled down in size as compared to the outlet vanes 120. Thus, the
height of the vertical side surface of the outlet vane 120 is greater than the
height of the vertical side surface of the inlet vane 115. Similarly, the length of
the base surface of the outlet vane 120 is greater than the length of the base
surface of the inlet vane 115. In one example, the ratio of the height of the
vertical side surface to the length of the base surface may remain the same for
the outlet vanes 120 and inlet vanes 115.

[0017]  In an embodiment, the inlet vanes 115 and the outlet vanes 120 are
parallel to one another, as shown in the Fig.1. In another embodiment, the
inlet vanes 115 and the outlet vanes 120 are at an angle to each other. Further,
as shown in the Fig 1, the inlet vanes 115 and the outlet vanes 120 are
positioned in a concentric manner.

[0018]  Fig.2 shows a plan view of the vortex impeller 100 shown in Fig.1,
in accordance with an embodiment of the present subject matter. As can be
clearly seen from Fig.2, the annular passage 125 is defined between the inlet
vanes 115 and the outlet vanes 120.

[0019]  Fig3 shows a centrifugal pump having the vortex impeller shown
in the Fig.1, in accordance with an embodiment of the present subject matter.
The centrifugal pump 300 comprises a vortex impeller 100, which is to be
rotated by a motor (not shown in Fig.3). The pump 300 comprises a stationary
volute casing 305 having a suction inlet 310 and an outlet 315. In an
embodiment, the vortex impeller 100 is assembled inside the stationary volute
casing 305 in such a way that a center of the vortex impeller 100 is at a
distance from a center of the stationary volute casing 305.

[0020] Fig.4 shows a side view of a vortex impeller 100 of a centrifugal
pump 300 with a casing partially sectioned, in accordance with an

embodiment of the present subject matter. The dotted line 405 represents the
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central line of the stationary volute casing while the dotted line 410 represents
the central line of the vortex impeller 100. As can be seen, the central lines
405 and 410 are not aligned but spaced apart. This also helps in reducing
blockage and improving flow of the fluid with entrained solid matter.

[0021]  In operation, when the vortex impeller 100 is rotated by a motor, a
suction pressure is created and the fluid with solid particles enters the suction
inlet of the pump. The fluid passes towards the impeller eye 110 from the
suction inlet 310. The vortex impeller 100 which is positioned at a distance
from a center of volute casing creates a vortex of fluid flow. In particular, the
inlet vanes 115 and the outlet vanes 120 that are radially split, creates the
vortex of the fluid flow and impart energy to the incoming flow and increase
velocity in the radial direction. The inlet vanes 115, which are smaller vanes,
induces the flow from the suction inlet 310, and the outlet vanes 120 turns the
fluid flow into radial direction. The fluid between the inlet vanes 115 and the
outlet vanes 120 of the impeller 100 generates the vortex and moves with
vanes at a constant velocity. In an embodiment, the vortex impeller 100
creates the fluid flow in the form of a helical shaped flow. In another
embodiment, the vortex impeller 100 creates the fluid flow in the form of a
spiral shaped flow. The vortex of the fluid flow imparts energy to the
incoming flow and increases velocity in radial direction.

[0022]  The vortex of the fluid flow moves the solid particles in radial
direction towards the outlet 315 of the pump 300 for discharging the solid
particles. The pressure drop is created around the vortex of the fluid flow to
propel the solid particles in radial direction. The minimum pressure of the
vortex is at the center of the impeller 100 and increases radially towards the
periphery of the impeller 100.

[0023]  Further, in an embodiment, the vortex fluid flow generated by the
vortex impeller 100 is substantially improved by incorporating the convex
shape on the impeller vanes. The convex shape of the impeller reduces the tip

loss to improve the vortex fluid pressure. As mentioned previously, the
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minimum pressure of the vortex is at the center of the impeller 100 and
increases radially towards the periphery of the impeller 100.

[0024]  The annular passage 125 between the inlet vanes 115 and the outlet
vanes 120 reduces the blockage and aids in inducing the vortex further.

[0025]  Further, with the present design of the vortex impeller 100, axial
thrust and radial thrust of the pump 300 is reduced, thereby enhancing the
performance of the pumps 300 having the vortex impeller 100 of the present
subject matter.

[0026] In an embodiment, the balancing hole on a back-shroud plate (not
shown in Figures) of the vortex impeller 100 further aids in reducing the axial
and radial thrust of the pumps, thereby further enhancing the efficiency of the
pumps.

[0027] In one example, the diameter of the vortex impeller 100 of the
present subject matter is less than the diameter of the conventional vortex
impeller for providing similar head. For example, the diameter of the old
impeller is about 308mm, and the diameter of the vortex impeller 100 of the
present subject matter is about 288mm. Thus, with the reduced diameter of the
vortex impeller, the vortex impeller occupies less space and therefore the
centrifugal pump with the impeller is not bulky like conventional centrifugal
pumps.

[0028]  Fig.5 shows a graph that illustrates variation of a pump head with
respect to flow for a centrifugal pump having a conventional impeller and the
vortex impeller, in accordance with an embodiment of the present subject
matter. The graph 505 represents the variation of a pump head with respect to
flow for a centrifugal pump 300 having a conventional impeller, and the graph
510 represents the variation of a pump head with respect to flow for the
centrifugal pump 300 having the vortex impeller 100 of the present subject
matter. As can be seen from the graphs 505 and 510, the variation of the pump
head is increased for different fluid flows for the vortex impeller 100 of the

present subject matter compared to the conventional impeller.
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[0029]  Although embodiments for the vortex impeller have been described
in language specific to structural features, it is to be understood that the
present subject matter is not necessarily limited to the specific features

described. Rather, the specific features are disclosed as example embodiments.
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I/'We claim:

1.

A vortex impeller (100) comprising:

a suction eye (110) at its radial center;

a plurality of inlet vanes (115) spaced circumferentially at a periphery
of the suction eye;

a plurality of outlet vanes (120) spaced circumferentially at a
periphery of the impeller; and

an annular passage (125) defined between the plurality of outlet vanes
(120) and the plurality of inlet vanes (115), wherein each inlet vane
extends radially between the periphery of the suction eye (110) to the
annular passage (125) and each outlet vane extends radially between the
annular passage (125) to the periphery of the impeller, and each inlet vane
and each outlet vane has a convex face (130) facing the suction eye, and
wherein the outlet vanes (120) and the inlet vanes (115) have different

scale sizes.

The vortex impeller (100) as claimed in claim 1, wherein the inlet vanes

(115) and the outlet vanes (120) are parallel to one another.

The vortex impeller (100) as claimed in claim 1, wherein the inlet vanes

(115) and the outlet vanes (120) are at an angle to each other.

The vortex impeller (100) as claimed in claim 1, wherein the inlet vanes

(115) and outlet vanes (120) are positioned in a concentric manner.

The vortex impeller (100) as claimed in claim 1, wherein a size of the

outlet vanes (120) is greater than a size of the inlet vanes (115).
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The vortex impeller (100) as claimed in claim 1, wherein the inlet vanes
(115) and the outlet vanes (120) are elliptical segment shaped vanes

having the convex face (130) facing the suction eye (110).

The vortex impeller (100) as claimed in claim 1, wherein the vortex

impeller (100) includes a back-shroud plate having a balancing hole.

A centrifugal pump (300) comprising:
a rotating vortex impeller (100) having:
a suction eye (110) at its radial center;
a plurality of inlet vanes (115) spaced circumferentially at a
periphery of the suction eye;
a plurality of outlet vanes (120) spaced circumferentially at
a periphery of the impeller; and
an annular passage (125) defined between the plurality of
outlet vanes (120) and the plurality of inlet vanes (115), wherein
each inlet vane extends between the periphery of the suction eye
(110) to the annular passage (125) and each outlet vane extends
between the annular passage (125) to the periphery of the impeller
(100), and each inlet vane and each outlet vane has a convex face
(130) facing the suction eye (110), and wherein the outlet vanes
(120) and the inlet vanes (115) have different scale sizes; and
a stationary volute casing (305), wherein the vortex impeller (100)
is assembled inside the stationary volute casing (305) and a center of the
vortex impeller (405) is at a distance from a center of the stationary volute

casing (410).

10



WO 2019/155487 PCT/IN2019/050089
1/5

110

Fig.1




[— 100

WO 2019/155487

(o]
—
—

125

120

2/5

PCT/IN2019/050089

Fig.2




WO 2019/155487 PCT/IN2019/050089
3/5

310




WO 2019/155487 PCT/IN2019/050089
4/5

=
\_\

405

410




WO 2019/155487 PCT/IN2019/050089
5/5

510
505

[— 500
160

17 .
E &
%

E 4 -
B e 3
-

%%'ﬂ.
E ¢ L D
LL
B 4+ &
g
%
[
g 9 8§ 4§ R 9 § w ©

(sie19N) AV3IH



INTERNATIONAL SEARCH REPORT

Intemational application No.

PCT/IN2019/050089

A CLASSIFICATION OF SUBIECT MATTER
F04D29/24 Version=2019.01

According to International Patent Classtfication (IPC) or to both national classtfication and IPC

B. FIELDS SEARCHED

F04D

Minimum documentation searched {classification system tfollowed by classification symbols)

Documeniation searched other than minimum decumentation to the extent that such documents are inchuded in the fields searched

TotalPatent One, IPO Internal Databas

Electronic data bass consudted dunng the intersational search (name of data base and, whers practicable, search terms nsed)

e

(14.06.1972) Page 2;

line 24-92,

. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appopnate, of the relevant passages Relevant to claim No.
A US6676366 B2 (BAKER HUGHES INCORPORATED) 13 1-8
January 2004 (13.01.2004) Column 3; line 57 -
Column 4; line 52, Figure 3
A GB1277416 A (MAKEARN HOLDINGS LTD) 14 June 1972 1-8

Figure 2

E:“} Further documents are listed in the continuation of Box C.

N/} Qe i Famyilv o
M See patent family annex.

* Special categories of cited documents:
“A”  document defining the gencral state of the art which is not considered
to be of particular relevance

eatlier application or paterit but published on or after the tnternational
filing date

“L7 document which may throw deubts on priority clain(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

document referringto anoraldisclosure, use, exhibiion sy sther nicans
document published prior to the tutermational fling date but later than
the priority date claimed

“op

33

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principie or theory underlying the invention

“X7  document of patticular relevance; the claimed lnvention cannot be
considered novel or cannot be considered fo nvolve an inventive step
when the document is taken alone

document of pauticular welevance; the claimed inveuntion canno
be considered to involve an inventive step when the document i
combined with one or more other such documents, such combi
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

01-05-2019

Date of mailing of the international search report

01-05-2019

Name and mailing address of the [SA/

Indian Patent Office
Plot No.32, Sector 14,Dwarka,New Delhi-110075

Facsimile No.

Authorized officer

Seetha Raman A

Telephoue No. 491-1125300200

Form PCT/ISA/210 (second sheet) (revised Jannary 2019)




INTERNATIONAL SEARCH REPORT

) ) interunational application No.
Information on patent family members

PCT/IN2019/050089
Citation Pub.Date Family Pub.Date
US 6676366 B2 13-01-2004 AU 2003225653 Al 22-09-2003
CA 2477293 Al 18-09-2003
RU 2004129596 A 10-09-2005
WO 03076811 Al 18-09-2003
GB 1277416 A 14-06-1972 AT 308549 B 10-07-1973
BE 734809 A 01-12-1969
CH 530560 A 15-11-1972
DE 1930481 Al 02-01-1970
FR 2011959 A1l 13-03-1970
NL 6909433 A 23-12-1969

Form PCT/ISA/210 (patent family annex) (revised Jamuary 2019}



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

