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1

This invention vrelates to fluid compressors
and is more particularly directed fo fluid com-
pressors of the centrifugal type. -

The conventional centrifugal compressor com-
prises radially extending fluld impeller blades
each disposed in a plane including the axis of the
compressor. 'The outlet of a conventional cen-
trifugal compressor is provided with relatively
fixed diffuser vanes for converting the rotational
velocity of the compressed fluid into pressure
head. An object of this invention consists in
curving the discharge end of the centrifugal im-
peller blades so that the rotating blades them-
selves are effective to eliminate the- rotational
velocity of the compressed fiuid. For this pur-
pose, the rotatable impeller blades are provided
with a curved rearward portion at their discharge
ends to retard the rotational velocity of the com-
pressed fluid. In addition, the radially inner and
outer walls of the compressor are substantially
axial at the discharge end of the impeller blades
thereby converting the radial flow of the com-
pressed fluid into axial flow.

Other objects of this invention will become ap-
parent upon reading the annexed detailed de-
scription in connection with the drawing in
which: .

Figure 1 is a sectional view through a single
stage compressor embodying the invention;

Figure 2 is a perspective view partly in section
of a multi-stage compressor, :

Figure 3 is a diagrammatic view illustrating
the relation between the axial velocity of the en-
tering air, the rotational velocity of the irapeller
and the entrance end of the impeller blades; and

Figure 4 is a graph illustrating the helix angle
of the imgeller blades at each station along the
impeller, -

Referring to the drawing, a rotor member 10
is surrounded by a shroud i2 radially spaced
therefrom to provide an annular space or path
i4 therebetween for the fiuid to be compressed.
The annular space or fluid path {4 has an en-
trance section extending approximately between
the dashed lines (6 and I8 (Figure 1), an inter-
mediate section extending approximately be-
tween the dashed lines 18 and 28 and a discharge
section extending approximately between the
dashed lines 28 and 22. As illustrated, the en-
trance section I8, 18 and the discharge section
26, 22 of the annular fluid path 14 are koth co-
axial with the impeller axis 24 and extend sub-
stantially axially therealong, with the discharge
section having a substantially larger diameter.
The intermediate section i8, 20 of the annular
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fluid path {4 smoothly joins said entrance and
discharge sections. A plurality of circumferen-
tially spaced ribbon-like vanes 28 extend across
said annular space {4 from the entrance section
to the discharge section, each of said vanes being
secured to the rotor 10 for rotation therewith.
For simplicity only one vane 25 has been illus-
trated in the perspective view of Figure 2 while
in Figure 1 a portion of only one vane 28 has been
illustrated and the intersection of the root end
of only a pair of vanes 26 with the rotor {8 has
been indicated by the lines 28.

The rotor member {0 is rotatable counter-
clockwise when viewed from the left of Figures 1
and 2 and air or other gas to be compressed -
enters the relatively small diameter entrance sec-
tion of the annular fluid path (4. In this en-
trance section, the entrance edges of the vanes
26 are directed so that the fluid enters the com-
pressor substantially without shock and the
vanes are curved to gradually impart rotational
velocity to the entering fiuid.

The design of the entrance end of the vanes
26 is diagrammatically illustrated in Figure 3.
In Figure 3, the line 24 indicates the axis of ro-

{ation of the compressor, vector 30 indicates the -

rotational velocity of a vane 28, vector 32 indi-
cates the axial velocity of the entering air and
vector 34 indicates the velocity of the entering
air relative to said vane 26. As illustrated, the
entrance edge of a vane 26 is made substantially
tangent to the vector 34 and each vane 2§ gradu-
ally curves as indicated. Obviously, at a particu-
lar rotative speed of the impeller, the tangential
velocity of each vane 28 will vary with the radial
distance from the compressor axis so that the
direction of the entrance edge of each vane
varies radially along its entrance edge.

The vanes 26 gradually straighten and flatten
out so that, upon entering the intermediate sec-
tion of the annular fuid path 14, the vanes 26
are substantially co-planar with the compressor
axis 24. Accordingly, the fluid to be compressed
enters the vanes 25 substantially without shock
and the curvature of the vanes is such as to
gradually impart rotational velocity to the Auid.

The intermediate section 18, 20 of the annular
fluid path 14 flares outwardly in a downstream
direction so that the fluid is compressed out-
wardly by the centrifugal forces acting thereon.
The vanes 25 are substantially co-planar with
the compressor axis throughout the intermediate
section (8, 20 except, at the downstream end of
this section, the vanes 26 curve forwardly in the
direction of impeller rotation as indicated at 38.




2,548,488

3

This forward curvature of the impeller vanes 26
increases the rotational velocity of the com-
pressor fluid thereby increasing the centrifugal
compression without a corresponding increase in
speed of the compressor. That is, in the region
of the forwardly curved vane portions 36, in one
revolution of the impeller g particle of the com-
pressed fluid rotates more than one revolution
as it moves radially outwardly and axially along
the impeller.

Upon leaving the intermediate section (8, 20
the compressed fluid enters the axially extending
discharge section 29, 22 of the annular fluid path
14. In this discharge section, the vanes 2§ are
curved rearwardly—that is, epposite to the direc-
tion of the compressor rotation—as indicated at
38. As a result of this rearward curvature of
the impeller vanes 26, the rotational velocity of
the compressed fluid is gradually decreased as it
flows to the discharge end of the compressor so
that, -at the discharge end, the compressed fluid
preferably only has an axial velocity. The slow-
ing down of the rotational velocity of the com-
pressed fluid by the impeller vane portions 38
results in the compressed fiuid doing work on the
impeller vanes thereby helping to rotate the com-
pressor rotor member {8. Thus, the rearwardly
curved vane portions 38 not only help to
straighten out the flow of the compressed fuid
but, in so doing, energy is extracted from the
fluid to help rotate the compressor. In the dis-
charge section of the fluid path {4, the shroud
12 converts the radially outward velocity of the
compressed fluid to axial flow.

The aforedescribed curvature of each vane 26
is graphicaliy illustrated in Figure 4 in which the
“helix angle” is the angle between a plans includ-
ing the impeller axis and passing through a point
on the line of intersection of a vane with the
impeller and a tangent to said line of intersection
at said point. The specific magnitude of said
angle at each station -along the impeller will
depend on such factors as the rotational velocity
of the impeller rotor, the physical characteristics
of the particular fluid to be compressed, the mag-
nitude of the compression ratio desired, etc.
Thus, the forwardly curved vare portions 35 may
start anywhere along the intermediate section
18, 20—e. g. this forward curvature may start at
the beginning of the intermediate section 18, 28

o
in order to provide a more gradual forward

curvature.

The compressor may be provided with a second
stage 48 as illustrated in the perspective view of
Figure 2. Since the compressed fluid, leaving the
first stage, has no rotative or radially outward
velocity, it is free to return to the smaller di-
ameter of the entrance to the second compressor
stage.

As illustrated, the shroud {2 is not attached
to the vanes 28 for rotation therewith, but as is
conventional practice it may be. Thus, cen-
trifugal compressors are generally provided
either with a fixed shroud over corresponding
edges of the impeller blades or a shroud is -
secured to the impeller blades along these edges.
The appendant claims are intended to be broad
enough to cover these conventional alternative
constructions.

With the aforedeseribed construction, the for-
wardly curved impeller vane portions 36 provide
a relatively high centrifugal pressure with a rela-
tively low speed of the compressor rotor i9.
Also, deceleration of the rotational velocity of
the comipressor fluid by the impeller vane por-
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tions 38 results in a low relative velocity of the
compressor fluid and the flow straightening vane
portions 38 as compared to the usual fixed type
of flow straightening vanes. Also, the rotating
flow straightening vane portions 38 provide for
smooth uninterrupted continuity of the com-
pressor fluid flow path therethrough as con-
trasted with the interrupted flow path provided
by fixed type flow straightening vanes.

While we have described our invention in
detail in its present preferred embodiment, it will
ke obvious to those skilled in the art, after under-
standing our invention, that various changes and
modifications may be made therein without de-
parting from the spirit or scope thereof. We
alm in the appended claims to cover all such
modifications.

We claim as our invention:

1. A centrifugal compressor comprising a ro-
tatable member; a shroud radially spaced from
said rotatable member to provide an annular
fluid flow space therebetween, said annular space
having a portion flaring radially outwardly in a
downstream direction relative to fluid flow there-
through and merging at its downstream end with
a substantially axially extending portion of said
annular space; and a plurality of ribbon-like
vanes secured to said rotatable member and pro-
jzeting across said space toward said shroud to
divide said space into a plurality of fuid flow
paths; each of said ribbon-like vanes being sub-
stantially co-planar with the axis of said rotat-
able member along the upstream end of the out-
wardly faring portion of said annular space, and,
along the downstream end of said outwardly
flaring portion, said vanes being curved about
said axis in the direction of rotation of said ro-
tatable member, and, along the axially extending
portion of said annular space, said vanes being
curved about said axis in the opposite direction.

2. A centrifugal compressor comprising a ro-
tatable member; a shroud radially spaced from
said rotatable member to provide an annular
fluid flow space therebetween: said annular space
having a substantially axiaily extending up-
stream end section, a substantially axially ex-
tending downstream end section of larger radius
than said upstream end section, and an inter-
mediate section joining said end sections; and

-2 plurality of circumferentially-spaced similar

ribbon-like vanes secured to said rotatable mem-
ber and projecting across said space toward said
shroud to divide said space into a plurality of
fluid flow paths; each of said vanes being curved
about the axis of said rotatable member in the
axially-extending upstream end section of said
annular space for gradually imparting rotational
velocity to. the entering fluid and, along the up-
stream end of the intermediate section of said
annular space, said vanes being substantially co-
planar with the axis of said rotatable member,
and, along the downstream end of said inter-
mediate section, said vanes being curved about
said axis in the direction of rotation of said ro-
tatable member, and, along the axially extending
downstream end section, said vanes being curved
about said axis in a direction opposite to the di-
rection of rotation of said rotatable member.

3. A centrifugal compressor comprising a ro-
tatable member, & shroud radially spaced from
said rotatable member to provide an annular
fluid flow space therebetween, said annular space
having a portion flaring radially outwardly in a
downstream direction relative to fluid flow there-

‘75 through and merging at its downstream end with
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5.

5 substantially axially extending portion of said
annular space; and a plurality of ribbon-like
vanes secured to said rotatable member and pro-
jecting across said annvlar space toward said
shroud to divide said space into a plurality of
fluid paths; each of said ribbon-like vanes along
at least a portion of the outwardly flaring por-
tion of said annular space being curved about the
axis of said rotatable member in the direction of
rotation of said rotatable member, and, along
sald axially extending portion of said annular
space,. said vanes being curved about said axis
in the opposite direction,

4. A centrifugal compressor comprising a ro-
tatable member: a shroud radially spaced from
said rotatable member to provide an annular
fluid space therebetween; said annular space
having a substantially axially extending down-
stream end section of larger radius than said up-
stream end section, and an intermediate section
joining said end sections; and a plurality of cir-
cumferentially-spaced similar ribbon-like vanes
secured to said rotatable member and projecting
across said space toward said shroud to divide
said space into a plurality of fluid paths; each
of said vanes being curved about the axis of said
rotatable member in the axially extending up-
stream end section of said annular space for
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gradually imparting rotational velocity fo the
entering fluid, and, along at least the downstream
end of said intermediate section, said vanes being
curved about said axis in the direction of rotation
of said rotatable member, and, along the down-
stream axially extending end section of said an-
nular space, said vanes being curved about said
axis in a direction opposite to the direction of
rotation of said rotatable member. n
HARRY W. BURDETT.
FRANK B. PAGE.
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