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This invention relates to centrifugal pumps for
increasing the pressure of a compressible fluid,
more particularly to the type of centrifugsl com-
pressor comprising a rotating impeller having
radially disposed fluid passages and a diffuser
surrounding the impeller and arranged to con-
vert part of the kinetic energy of the fluid leaving
the impeller into pressure energy.

An object of the invention is to provide a cen-
trifugal compressor having improved operating
characteristics, A specific object is to increase
the operating range of such s compressor so as
to make it capable of maintaining a given pressure
ratio with good efficiency over a wide range of flow
rates. Another object is to provide a vane type
diffuser for a centrifugal compressor designed to
give improved operating. characteristlcs. partlcu-
larly increased range.

Further objects and advantages will be appar-

ent from the following description and the ap-
pended claims taken in connection with the ac-
companying drawings, in which PFig. 1 is a sec-
tional view of a centrifugal compressor arranged
in accordance with the invention; Pig. 2 is a
partial side view in section of the discharge por-
tion of the impeller and the inlet portion of the
diffuser; and'Fig. 3 is a graphic representation
of the improvement in operating characteristics
accomplished by the invention.

It is well known that the performance of cen-
trifugal compressors is limited by an unstable
‘condition known as pulsation or surging, which
occurs when the rate of volume flow through the
impeller and/or diffuser decreases to a certain
critical value, 'In accordance with our invention
the operating range of a compressor is increased
by an arrangement which permits operation with
smaller rates of flow without breakdown of the
steady flow conditions which manifests itself as
pulsation or surging.

The compressor shown in Fig, 1 conslsts of an
impeller { having a web portion 2, a plurality
of radially disposed blades 3 secured to the web.
and a shroud portion or cover plate 4. forming
the remaining wall of the fluid passages through
the impeller. A reinforcing ring § of high tensile
strength material is pressed onto the shroud 4.
This type of impeller is disclosed and claimed in
the patent of Kenton D. McMahan, No, 2,392,858,

{CL 230-127)

- : 2 , .
issued Janusary 15, 1946, and assigned tothe same
assignee as the present application.

The impeller is supported on a hollow shaft 8
carried by a suitable bearing in the housing 7,
and other bearings (not shown). The impeller
i may be secured to the shaft 6 by any suitable
means, which may be the splines 8, or a simple
keyed connection, or any one of many other types

- of fastening. The impeller may be made of a light
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alloy such as aluminum or magnesium, in which
case it may be preferable to provide reinforeing
rings 9 and {0 shrunk onto the hub portions (I
and 12 surrounding the shaft opening through
the impeller. It has been found that in high speed
operation such an impeller stretches, all of its
dimensions, including the diameter of the shaft
bore, tending to increase by an apprecisble
amount in a radial direction. If the impeller is
operated at a sufficiently high speed, the mate-
rial of which it is made may be stretched beyond
its yleld point and thereby take a permanent set.
It will be readily understood that any such
stretching during operation may result in loose-
ness of the joint between the impeller and its

5 shaft; and it will also be obvious that any per-

manent stretch of the impeller bore would pro-
duce permanent looseness of the joint. 'The re-
inforcing rings 9 and 10 are made of a material
such as an alloy steel having a higher yield
strength. than the impeller material and are de-
signed to prevent this radial stretching of the

impeller bore. . ’

The impeller is surrounded by a casing 14 con-
sisting of the main casting (5§ and a second cast-
ing 171 secured to the main casting by suitable
threaded fastenings 18, The casting 15 incor-
porates the radially extending diffuser passages
16 formed between the side walls 19 and 20 and
the circumferentially spaced vanes 21. While the
diffuser herein is shown as being formed as one
casting integral with the casing, it will be under-
stood by those skilled in the art that the diffuser
may be fabricated and arranged in many other
ways.

The main casting i5 is provided with a la.by-
rinth seal 22 cooperating with the sleeve 24 on
shaft 6 and a seal 28 cooperating with the outer
circumference of reinforcing ring 10. The front
casting 7 is likewise provided with labyrinth seals
28 and 26 cooperating with a surface of the
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impeller 3 and reinforcing ring § respectively.

The sealing arrangement shown comprises a

separable ring 271 riveted to the casting 7, but
other arrangements will be obvious. The bearing
housing 1 is supported by a2 plurality of stream-
lined struts 28. The specific details of the bear-
.ings and fluid sealing means are not matnrial
to an understanding of the invention:

The outer circumferences of the impeller web

2 and shroud 4 are arranged to form close clear-
ances with the inner circumferential porticns 29
and 30 of the diffuser side walls 19 and 20. We
have discovered that the performance of a.cen-
trifugal compressor of the type described is greatly
improved by providing scallops or cutout portions
in one or both of the diffuser wall portions 29
and 30. The arrgngement of these cutouts 231 is
shown in Fig. 2. It will be seen that the cutouts
31 are orranged immediately adjacent the inlet

edge of the diffuser vanes 21 and on the “ap- .

proach” side of the inlet edge, so that an impeller
blade 3 rotating in the direction indicated by
the arrow 32 passes a cutout 3{ immediately be-
fore reaching the inlet portion 33 of vane 2{.
The scallops 31 may be arcs of circles or other
shapes, but it has been found advantageous to
. shape them as shown in Fig. 2 so that the area
of the cutont increases gradually in the direction
of rotation of the impeller.

Adjacent the scalloped diffuser edge portions
28 and 20 bounding the clearance space between
the impeller exit and diffuser inlet there are pro-
vided in the casings 14 and 15 annular “surge
chambers” 40, These chambers are obviously in

communication with the clearance space between

_the impeller and diffuser by means of the pres-
sure relief passages 314.

Fig. 3 illustrates graphically the improvement
in performance which has been found to result
from the use of the invention. The abscissa of
the curves represents the rate of flow through the
impeller in terms of a dimensionless parameter
Q/NI¥ in which.Q is the volume flow through the
impeller per unit of time, N is the speed in revo-
lutions per unit of time, and D is the tip diameter
of the impeller. The ordinate is a dimensionless
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pressure coefficient, which may be considered to -

represent the efficiency with which the impeller
creates the pressure rise in the fluid, as compared
with a theoretical ideal impeller. A conventional
impeller-diffuser combination not embodying the
present invention may be found to have an oper-
ating curve such as that represented by the dotted
curve 34, extending from a maximum value of
Q/ND? of about .31 to-a minimum value of .27,
below which pulsation occurs. The range is ex-
pressed as the ratio of the maximum to the mini-
mum value, and is in this case about 1.15.

It has been found that with a diffuser arranged
_ in accordance with our invention, the same com-
_pressor can be given an operating characteristic
represented by curve 3% in Fig. 3, for which the
‘minimum flow has been reduced to approximately
23 glving a range of approximately 1.35.

While the exact process by which the mventxon
produces its favorable effect on the performance
of ‘a centrifugal compressor is not known, it is
believed to be somewhat as follows. It is known
that when the blades 3 of a centrifugal compressor
approach the inlet portions 33 of the diffuser
vanes in a conventional vane type diffuser, a
certain shock is produced in the filuid and a higher
pressure is built up on the “approach side” of the
diffuser vane inlet portion, especially at values of
flow near the pulsation point. As a given blade 3
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passes & given inlet portion 33 it also produces

a decreased pressure on the “under side” of the

vane, that is, on the side opposite from the ap-
- proach side. 'This shock phenomenon sometimes
produces vibration of the diffuser vanes and has
been known to result in actual mechanical failures
of the vanes. Furthermore, the unequal distribu-
tion of pressure produced across the entrance to
the diffuser passage is believed to have an adverse
effect on diffuser efficiency, and is thought to be
related to the breakdown pheromena which occur
at the pulsation point.

We believe that the scallops 31 act as pressure
relief passages permitting the high pressure built
up at the approach side of the diffuser vane inlet
portion to escape laterally into the surge chambers
40 as indicated by arrow 41. As a result, a slight -
pressure is built up in the surge chambers over
that obtaining across the remainder of the diffuser
inlet bounded by the edgeée portions 29 and 30
which form a close clearance with the impeller.
Therefore, some fluid from the surge chamber
will circulate back into the clearance space be-
tween the impeller circumference and diffuser
inlet through the clearance between edge portions
29 and 30 and the impeller circumference, as indi-
cated by arrow 42. ‘This circulation from the
high pressure portion of the diffuser inlet laterally
outward into the surge chamber and then back
in through the close clearance between the im-
peller circumference and the diffuser portions 29
and 30 is believed to nrouuce the improvement
noted in the operating range of the compressor.
The surge chambers 40 provide a Jduid “cushion”
which absorbs and smoothes out the pulsations of
fiuid coming from the cuitout portions 31, and
form a source of supply of fluid at slightly ele~
vated pressure to be fed back into the diffuser
inlets through the close clearances between the
impeller exit and the circumferential diffuser
edge portions 28 and 33. .

While the accompanying drawings show both
the eircumferential edge portions 29 and 38 as
provided with the scallops 3! and with surge
chambers 89 on both sides of the impeller, it may
be found that similar improvement, though per-
haps to a lesser degree, may be obtained by a surge
chamber on only one side of the impeller with
scallops 3f cut in only one circumferential edge
portion of the diffuser. It may also be noted
that the exact size of the surge chambers is not
very critical. In some cases merely a generous
clearance space between the web of the impeller
2 and the adjacent wall of the casing may act
as a surge chamber if the diffuser is provided with
pressure relief openings at the high pressure side
of the diffuser passage inlets in accordance with
our invention. We believe it advantageous, how-
ever, to provide generous surge chambers, for
improved “cushioning” effect, as shown in Fig. 1.

In addition to improving the operating range
of the compressor, our invention also serves to
reduce the fluid shocks imparted to the diffuser
vane ‘inlet portions and thus helps to prevent
mechanical failures of the vanes.

While the drawings show a shrouded or closed
type of centrifugal impeller, it will be obvious to
those skilled in the art that the invention is
equally applicable to an “open” type of impeller
having a web and blades fastened thereto, witha
stationary shroud associated with the casing
forming one boundary of the impeller passages.

It will be seen that our invention provides a
novel form of diffuser for a centrifugal compressor
i3 having improved operating characteristics. par--
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“tlcularly with respect to range, and being less
.subject to mechanical failure of the inlet portfons
of the vanes. s ) R

What we claim as new and desire to secure by
Letters Patent of the United States {s: »

1. In a centrifugal compressor, the combina-
tion of an fmpeller having s web defining one
side of the impeller passages, s shroud defining
the opposite side of the impeller passages, both
web ‘and shroud having substantially parallel
outer circumferential edge portions, a diffuser
surrounding the impeller having at least one ex-
panding diffusing bassage and an inner circum-
ferential edge portion arranged to form a close
clearance with one of said outer circumferential
edge portions, & casing surrounding the impeller
and defining an annular surge chamber adjacent
the clearance space between impeller exit and

diffuser inlet, the inner circumferential edge por-

tion of the diffuser being shaped to define 3 pres-
sure rellef passage communicating between the
surge chamber and the clearance space between
impeller and diffuser at the high pressure side of
the diffusing pasage inlet.

2. In a centrifugal compressor the combina-
tion of an impeller including a web defining one
side of the impeller passages and having an outer

circumferential edge portion, a shroud deflning -

the opposite side of the impeller passages and
having an outer  circumferential edge portion
substantially parallel to the web edge portion, a
diffuser surrounding the impeller and Including
spaced annular side walls with inner circumfer-
ential edge portions arranged to form close clear-
‘ances with the web and shrovd -edge portions,
circumferentially spaced vanes supported be-
tween the side walls and defining therewith a
plurality of diffuser passages, a casing enclosing
the impeller and forming an annular surge cham-
ber adjoining the clearance - space hetween
the impeller and diffuser, the inner circumfer-
ential edge portion of the diffuser side wall be-
-tween the clearance space and the surge chamber
being shaped to deflne pressure relief passages
therebetween at the high pressure side of the
diffuser passage inlets. .

3. In a centrifugal compressor the combina-
tion of an impeller with web and shroud portions
defining opposite sides of the impeller passages
and radially extending blades between the web
and shroud, a vane type diffuser having inner
circumferential edge portions arranged to form
close clearances with the outer circumferential
portions of the web and shroud, a casing for the
impeller having walls dening an annular surge
chamber adjacent the clearance space hetween
impeller and diffuser, one of the inner circum-
ferential edge portions of the diffuser being pro-
vided with scallops forming pressure relief pas-
sages communicating between the clearance
space and the surge chamber. .

4. In a centrifugal compressor the combina-

tion of an impeller having a web defining one side
of the impeller passages, s shroud defining the
opposite side of the impeller passages, both web
and shroud having - substantially -parallel outer
circumferential edge portions, a diffuser sur-
rounding the impeller and having a.plurality of
expanding - diffuser passages and inner circum-
ferential edge portions arranged to form close
clearances with the outer circumferential por-
tions of the web and shroud, a casing enclosing
the impeller and defining a first annular surge
chamber adjacent the outer circumferential por-
tlon of the web and a second surge chamber ad-
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jacent the outer circumferential portion of the
shroud, the inner circumferential edge portions
of the diffuser being shaped to define pressure
rellef passages communicating between the surge
chambers and the clearance space between im-
peller and diffuser at the high pressure side of

- the respective diffuser Passage inlets,

5. In a centrifugal compressor ‘the combina--
tion of a casing, an impeller rotatably disposed
therein, and a vane type diffuser disposed around
the impeller and including spaced annular side
walls and g plurality of circumferentially spaced
vanes supported between the side walls, said side
walls having inner circumferential edge portions
forming a close clearance with the impeller and
cooperating with radially inner portions of the
vanes to form the inlets of the diffusing passages,
at least one of said side walls having a lateral

- bressure relief passage therethrough adjacent
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the approach side of each vane, and said casing
forming an annular chamber adjacent the im-
peller-to-diffuser clearance space and communi-
cating therewith and with said Pressure relief
passages. o

6. In a centrifugal compressor, the combina-
tion of a casing, an impeller rotatably disposed
therein, and a diffuser disposed adjacent the.
Impeller outlet, said diffuser comprising axially
spaced side walls and at least two circumferen-
tially spaced vanes supported hetween the side
walls and defining therewith a diffusing passage,

. the inner edge of at least one of sald side walls

forming a close clearance with the impeller over
the major portion of the diffusing passage inlet
and having a lateral pressure relief opening
through the side wall at the high pressure side

. ,of the diffusing passage inlet, said casing form-
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Ing a chamber axially adjacent the impeller-to-
diffuser clearance space and communicating
therewith and with the pbressure relief passage,
whereby fluid expelled into said chamber through
the pressure relief passage is recirculated directly
back into said clearance space at the low pressure
portion of the inlet.

7. In a centrifugal compressor, the combina-
tion of a casing, an Impeller rotatably dispcsed
therein, and a diffuser disposed adjacent the
impeller outlet, said diffuser comprising - axially
spaced side walls and g plurality of vanes sup-
ported between the side walls and defining there-
with circumferentially spaced diffusing passages,
said side walls having inner circumferential edge
portions forming annular clearance spaces with
the impeller and cooperating with ‘radially inner .

5 portions of the vanes to form the inlets of the

diffusing passages, at least one of said annular
clearance spaces being of substantially constant
minimum size at the low bressiire portions of
the inlets and having g materially larger area at
the high pressure portion of the inlet on ‘the
approach side of each vane, said casing forming

" & surge chamber at one side of said impeller-to-

diffuser clearance Space and 'communicating
therewlth, whereby fluid expelled laterally out-
ward into the surge chamber through the larger
portions of said clearance space. recirculates di-
rectly back into the diffuser inlet through the
minimum portions of said clearance space.

8. A diffuser for a centrifugal impeller com-
prising axially spaced annular side walls and a
plurality of circumferentially spaced vanes sup-
ported between the side walls and cooperating
therewith to form diffusing passages, at least
one of sald side walls having a radially inner cir-
cumferential edge cooperating with the radially
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inner portions of the vanes to form the inlets to
the diffusing passages, said side wall inlet edge

including arcuate portions having a common -

center at the axis of the diffuser and stubtending
the low pressure portion of each inlet, said side
wall inlet edge having also a scallop adjacent each
vane at the high pressure side of the inlet.
: KENTON D. McMAHAN.
NEIL P. BAILEY.
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