EP 2 594 798 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 594 798 A1

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:

22.05.2013 Bulletin 2013/21 F04C 29/02 (2006.07)
(21) Application number: 11189852.4
(22) Date of filing: 18.11.2011
(84) Designated Contracting States: * ltalia, Lino S.

AL AT BEBG CH CY CZDE DKEE ES FIFRGB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: Hamilton Sundstrand Corporation
Windsor Locks, CT 06096-1010 (US)

(72) Inventors:
¢ Telakowski, Robert
Windsor Locks, CT Connecticut 06096 (US)

(74)

Rocky Hill, CT Connecticut 06067 (US)
Morin, James R.
Wilbraham, CT Connecticut 01095 (US)

Representative: Tomlinson, Kerry John
Dehns

St Bride’s House

10 Salisbury Square

London

EC4Y 8JD (GB)

(54) Vertical shaft pumping system

(67) A vertical shaft pumping system includes a hol-
low shaft (20) with an inner bore (28), an inlet end (22)
and an outlet end (24), the outlet end with at least one
liquid distribution hole (26). It further includes an impeller
(30) positioned at the lower inlet end of the shaft, with a
cylindrical base portion (32) with a lower end (34), a cen-
tral hole (36) for drawing fluid into the shaft, and a plurality
of teeth (38) extending upwards from the cylindrical base
portion and extending radially from the central hole to the
outer cylindrical circumference for increasing tractive
force of liquid in the shaft when the impeller and shaft
are rotating; and a motor (14, 16) for rotating the shaft
with the impeller to centrifugally pump a liquid vertically
in the shaft from the lower inlet end to the upper outlet
end.
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Description
BACKGROUND

[0001] Vapor cycle refrigeration systems are used to
control the temperature of many commercial and house-
hold refrigeration systems. They often utilize electric mo-
tor driven scroll compressors that require oil lubrication.
Vapor cycle scroll compressors (or other vertically
mounted rotating machinery) generally rely on lubricating
oil distribution by oil entrained in the refrigerant being
circulated throughout the system. When more positive
pumping is required, it is often accomplished by having
the lower end of a vertical rotating shaft extend into a
lubricant reservoir. In some applications the vertical shaft
can incorporate an eccentric hole along its length to ac-
complish a pumping action to lift oil from a lower reservoir
section into and through the shaft. Oil then egresses the
shaft through holes at its upper end to lubricate the ele-
vated elements. Because the shaft is vertical in the sys-
tem, a reservoir of oil and refrigerant often forms in lower
portions of the unit.

SUMMARY

[0002] A vertical shaft pumping system includes a hol-
low shaft with an inner bore, an inlet end and an outlet
end, the outlet end with at least one liquid distribution
hole. It further includes an impeller positioned at the inlet
end of the shaft, with a cylindrical base portion with a
lower end, a central hole for drawing fluid into the shaft,
and a plurality of teeth extending upwards from the cy-
lindrical base portion and extending radially from the cen-
tral hole to the outer cylindrical circumference forincreas-
ing tractive force of liquid in the shaft when the impeller
and shaft are rotating; and a motor for rotating the shaft
with the impeller to centrifugally pump a liquid vertically
in the shaft from the inlet end to the outlet end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1is view of a scroll compressor and show-
ing a cross-sectional view of a vertical shaft pumping
system according to the present invention within the
scroll compressor.

[0004] FIG. 2is a close-up cross-sectional view of the
vertical shaft pumping system of FIG. 1.

[0005] FIG. 3A s a perspective view of an impeller ac-
cording to the present invention.

[0006] FIG. 3B is a cross-sectional view of the impeller
of FIG. 3A.

[0007] FIG. 3C is a bottom view of the impeller of FIG.
3A.

[0008] FIG. 3D is atop view of the impeller of FIG. 3A.

DETAILED DESCRIPTION

[0009] FIG. 1is view of a scroll compressor and show-
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ing a cross-sectional view of a vertical shaft pumping
system according to the present invention within the
scroll compressor. Scroll compressor 10 includes upper
scroll and bearing elements 12, motor rotor 14 and stator
16, lubricant reservoir 18, and vertical shaft 20 (with lower
end 22, upper end 24, at least one hole 26 in upper end
24, inner bore 28 and impeller 30 with central hole 36).
Lower end 22 of vertical shaft 20 extends into lubricant
reservoir 18.

[0010] Upper scroll and bearing elements 12 of scroll
compressor 10 require lubrication. The lubricant con-
tained in lubricant reservoir 18 can be used for this pur-
pose. Vertical shaft 20 is positioned so that lower end 22
with impeller 30 sitin lubricant reservoir 18. This enables
lubricant to enter vertical shaft through central hole 36 in
impeller 30. Shaft 20 is attached to motor rotor 14 by a
press-fit or other method generally known inthe art. Motor
rotor 14 rotates vertical shaft 20 with impeller 30. This
rotation creates a vortex with centrifugal force causing
lubricants to travel upward from reservoir 18 through cen-
tral hole 36 of impeller 30, and through vertical shaft 20
to upper end 24 of shaft 20. Lubricants then exit vertical
shaft 20 in the radial direction through one or more holes
26 to lubricate upper scroll and bearing elements 12.
[0011] FIG. 2is a close-up cross-sectional view of the
vertical shaft pumping system of FIG. 1, and includes
shaft 20 with lower end 22, upper end 24 with one or
more holes 26, inner bore 28 and impeller 30 (with lower
surface 34 and central hole 36). Impeller 30 is located at
lower end 22 of inner bore 28 of shaft 20 and lower sur-
face 34 of impeller 30 generally sits flush with the end of
shaft 20. Impeller 30 can be integral to shaft 20 or can
be pressed, welded, soldered, brazed or bonded into the
shaft 20. The outer circumference of impeller 30 is
against the inner wall of inner bore 28 of shaft 20 if it is
an insert.

[0012] Impeller 30 assists in helping the lubricanttravel
up vertical shaft 20 by increasing the rotational velocity
of the lubricant being vertically pumped up through cen-
tral hole 36 in impeller 30. This increase in rotational ve-
locity creates a uniform vortex of lubricant through cen-
trifugal force. This uniform vortex is accomplished by in-
creasing the tractive force at the boundary layer between
the lubricant and shaft 20 through the shape and posi-
tioning of impeller 30.

[0013] For maximum pumping in a vertical pumping
system, the lubricant should rotate at the same speed as
shaft 20. However, due to the inertia of the lubricant and
the boundary layer at the interface of the lubricant, the
lubricant will generally rotate at a speed less than shaft
20. Past systems incorporated eccentric holes in a ver-
tical shaft along its length to create centrifugal action,
causing the liquid to flow up through the shaft based on
increasing radial position of the hole centerline. While
these eccentric holes did cause the liquid to pump up the
vertical shaft, they created inherent unbalance in the ro-
tating assembly. Additionally, shafts with these eccentric
holes were difficult to manufacture and control. The cur-
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rent invention provides a vertical pumping system that
does not require additional moving parts and allows the
use of a uniform hollow shaft by using impeller 30 to rotate
with shaft 20 and increase tractive force and cause lu-
bricant to pump vertically through shaft 20.

[0014] FIG. 3A s a perspective view of an impeller ac-
cording to the present invention. FIG. 3B is a cross-sec-
tional view of the impeller of FIG. 3A. FIGS. 3C are bottom
and top views, respectively, of the impeller of FIG. 3A.
[0015] Impeller 30 includes cylindrical base section 32
with outer circumference 33, lower surface 34, central
hole 36, and upper teeth 38 formed by slots 42. Upper
teeth 38 include angled upper surfaces 40. Central hole
36 goes from lower surface 34 through upper surface of
pump impeller 30. Upper surfaces 40 are angled upward
from central hole 36 to outer circumference 33. The angle
can be about 50 degrees from vertical, but may be more
orless depending on system requirements. Alternatively,
in some applications, upper surfaces 40 may not be an-
gled, and upper surfaces 40 and lower surface 34 would
be parallel. Slots 42 are located radially around pump
impeller 30 extending from upper surfaces 40 towards
lower surface 34 to form teeth 38 on top of base portion
32. The embodiment shown in FIGS. 3A-3B includes four
slots 42 spaced equidistant radially around impeller 30
to form four teeth 38. Impeller 30 may include more or
fewer slots 42 and teeth 38 depending on system require-
ments. Dimensions of pump impeller 30, including central
hole; outer circumference; cylindrical base section;
number, shape and size of teeth; angles of upper surface;
etc; may vary depending upon factors such as inner di-
ameter of the pumping shaft, shaft speed of rotation, sur-
face conditions of the inner diameter of pump shaft, the
height to which liquid must be pumped in the shaft, the
amount of liquid to be pumped up the shaft, properties
of the liquid being pumped, depth the shaft extends into
the liquid, and depth of liquid below the shaft. Impeller
30 can be made of plastic or any other material compat-
ible with pumping system and liquid to be pumped.
[0016] Pump impeller 30 is located at the base of shaft
20 and sits in lubricant reservoir 18 (see FIGS. 1-2). Lu-
bricant enters shaft 20 through central hole 36. Shaft 20
rotates, and impeller 30 with slots 42 and teeth 38 with
angled upper surfaces 40 help to increase tractive force
at the boundary layer between the lubricant being verti-
cally pumped and shaft 20, thereby increasing the rota-
tional velocity of the lubricant in shaft 20. This creates a
uniform vortex of lubricant for more effective and efficient
vertical pumping out of a reservoir without requiring ad-
ditional mechanical parts. The pumping effectiveness
can be further enhanced by roughening the inner surface
ofthe inner bore of the shaft to increase the tractive force.
Such a condition will tend to increase the rotating speed
of the lubricant film to more closely match that of the
shaft. Roughening can be done by adding rifling or su-
perficial surface irregularities, or any other suitable meth-
od.

[0017] Insummary, the vertical pumping system of the
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current invention uses a pump impeller to accomplish
pumping of a liquid using a light-weight uniform hollow
shaft. The pump impeller includes a central hole which
the liquid enters and includes slots and teeth to increase
tractive force while rotating. This helps to create a uniform
vortex of lubricant with centrifugal action. It can also in-
clude angled upper surfaces on the teeth to further in-
crease tractive forces, resulting in increased rotational
velocity of the lubricant being pumped in the shaft, there-
fore further improving pumping. Because it is a passive
pumping system (not requiring additional moving pump-
ing elements), reliability and durability are maximized.
The current invention also has minimal manufacturing
costs compared to past systems using shafts with eccen-
tric holes which were difficult and costly to manufacture.
[0018] While the invention has been discussed in re-
lation to use in a scroll compressor, it can be adapted
into other vertically oriented rotating assemblies. Angles
and dimensions of pump impeller are shown for example
purposes only, and can be varied depending on system
requirements.

[0019] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, itis intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A pump shaft for centrifugally pumping a liquid com-
prising:

a hollow shaft with an inner bore, an inlet end
and an outlet end, the outlet end having at least
one liquid distribution hole; and

animpeller positioned atthe inletend of the inner
bore and having a central hole for drawing fluid
into the hollow shaft, a cylindrical outer circum-
ference, a lower surface, an upper surface, and
a plurality of slots formed in the upper surface
and extending towards the lower surface and/or
a plurality of upwardly extending teeth, the slots
and/or teeth extending radially from the central
hole to the cylindrical outer circumference.

2. Thepump shaftof claim 1, whereinthe upper surface
of the impeller is angled in the radial direction.

3. The impeller of claim 1 or 2, wherein the upper sur-
face is angled upward from the central hole to the
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outer circumference.

The impeller of claim 3, wherein the upper surface
is angled upward at about 50 degrees from vertical.

The impeller of claim 1, 2, 3 or 4, wherein the plurality
of teeth are radially oriented and approximately
equally spaced.

The pump shaftof claim 1, wherein the upper surface
of the impeller is parallel with the lower surface of
the impeller.

The pump shaft of any preceding claim, wherein the
impeller is an integral part of the hollow shaft.

The pump shaft of any of claims 1 to 6, wherein the
impeller is fabricated separately from the hollow
shaft and is inserted into it.

The pump shaft of claim 1, wherein the plurality of
slots are pairs of slots which radially mirror each oth-
er in the impeller, and /or wherein the impeller in-
cludes four slots spaced equidistant around the cir-
cumference of the impeller.

The pump shaft of any preceding claim, wherein the
impeller has a greater length from the lower surface
to the upper surface at the outer circumference than
at the central hole.

The pump shaft of any preceding claim, wherein the
inner bore surface is roughened.

A vertical shaft pumping system comprising a pump
shaft as claimed in any preceding claim, and a motor
for rotating the shaft with the impeller to centrifugally
pump a liquid vertically in the shaft from the inlet end
to the outlet end.

Animpeller for use in a pump shaft as claimed in any
of claims 1 to 11, comprising:

a cylindrical base portion with an outer circum-
ference adapted to sit against the shaft inner
bore so that the impeller rotates when the shaft
rotates and a lower end arranged to be located
on the inlet end of the shaft;

a central hole for drawing fluid into the pump
shaft; and

a plurality of teeth extending upwards from the
cylindrical base portion and extending radially
from the central hole to the outer circumference
for increasing tractive force of liquid in the pump
shaft when the impeller is rotating with the shaft,
each of the plurality of teeth having an upper
surface.

10

15

20

25

30

35

40

45

50

55

14. A method of operating a vertical shaft pumping sys-

tem, the method comprising:

positioning a vertical shaft with an impeller at a
lower end of the shaft so that the lower end of
the shaft is immersed in a lubricant reservoir;
and

rotating the shaft so that lubricant in the lubricant
reservoir is drawn into the shaft through the im-
peller and vertically pumped up the shaft through
centrifugal action.

15. The method of claim 14, wherein the impeller com-

prises:

a cylindrical base portion with an outer circum-
ference that sits against the shaft inner bore so
that the impeller rotates when the shaft rotates
and a lower end that is located on the inlet end
of the shaft;

a central hole for drawing fluid into the pump
shaft; and

a plurality of teeth extending upwards from the
cylindrical base portion and extending radially
from the central hole to the outer circumference
for increasing tractive force of liquid in the pump
shaft when the impeller is rotating with the shaft,
each of the plurality of teeth with an upper sur-
face.
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