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1
RADIAL DIFFUSER

The -invention :described and. claimed -herein .was
made:in the course.of work under a contract with the
Department of Défense.

My invention is:directed to diffusers for centrifugal
compressors in-which the flow from the rotor is super-
‘sonic.

The principal: object of my invention is:to improve
the:efficiency andflexibility of radial flow compressors.
Itis-a further object toprovide.a diffuser capable of ac-
cepting supersonic flow from.a radial flow -impeller
with. a ‘minimum 'ef:shock and a diffuser -suitable for
high Mach -number flows-which is.of a.compact struc-
ture. .

A further object:is to provide a diffuser having pas-
sages.curved to accordwith the expanding vortical flow
from the impeller.

A still further object is to provide a diffuser which is
readily fabricated.

The nature of my invention and-its advantages will be
apparent to those:skilled in:the art from the succeeding
détailed ‘description of the preferred embodiment of
my invention.

FIG. 1is'a; partial radial sectional view of a centrifu-
gal.compressor perpendicular to the axis of rotation of
the rotor on the planes indicated by the line 1—1 in
FIG. 4.

FIG. 2 is a fragmentary sectional view taken on the
plane indicated by the line 2—2 in FIG. 1.

'FIG. 3 is a fragmentary .sectional view taken on the
plane indicated by the line:3—3 in-FIG. 1.

FIG. 4 is a fragmentary sectional view taken on the
plane indicated by the line 4—4 in FIG: 1.

FIG. §'is a fragmentary sectional view taken on the
plane indicated by the line 5—S5 in FIG. 1.

As is well known, centrifugal compressors are de-
vices.in‘which a'bladed rotor or impeller impels.air (or
other gas).in a.tangential and radial direction,impart-
ing.a high velocity to-the air. The air-delivered from the
impeller, which is flowing radially and circumferen-
tially of its axis of-rotation, is delivered to a-diffuser in
which the kinetic-energy of the air:is-largely converted
to potential -energy of pressure. One example of a.cen-
‘trifugal. compressor-is:disclosed in ‘Atkinson U.S. Pat.
No. 2,819,012, Jan: 7, 1958, Another is shown in
Conklin et al U:S. Pat. No. 3,027,717, Apr. 3, 1962,
The following U.S. Pat. Nos. may.also be ofinterest:
Buchi No. 2,596;646, May 13, 1952; Dallenbach et al.
‘No.2,967,013,Jan..3,1961; and Vrana No. 3,333,762,
Aug. 1, 1967. ‘

Since 'the general arrangement of centrifugal com-
pressorsis:well kmown, there:is no-need here to provide
overall drawings of such a device. As illustrated in
FIGS. 1 and 4, the compressor 2 includes a rotor or.im-
peller 3 havingran-annular disk 4 and.blades 6 extend-
ing from the face of the disk. The rotor turns clockwise
as.illustrated: in-FIG. 1..It discharges.air with a substan-
‘tial radial component,.and normally a greater circum-
ferential component, of velocity from the perimeter of
‘the rotor.3 into a:stationary diffuser 7.

The diffuser ‘7:is-made up of ‘a-back plate'8 and a
front plate 9, preferably. meeting on a plane surface. So

far -as the diffuser portions of these :plates are con-

cerned, they are:preferably symmetrical. The diffuser
‘plates: may:continue: toward: the axis of: rotation to de-
fine:a housing forithe.compressor rotor.or they may be
fixed to'such a housing. The diffuser may be machined
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from two annular plates having plane mating surfaces
indicated by the line 11. The forward surface of the
rear.plate and the rear surface of the front plate are:ma-
chined or otherwise formed to. provide .diffusing pas-
sages 12 with half of each passage in the back plate and
half in the front plate, defined by grooves 13 in each
plate. A cross-section of each passage 12, as will be ap-
parent from FIGS. 4 and §, is preferably elliptical, it
being understood that a circle is a special case of an el-
lipse. The faces of the front and back plate immediately
adjacent to the periphery of the rotor indicated at 14
and 15, i'espectively, in FIG. 4, and at 14.in FIG. 1 may
be plane. The diffusing passages begin at the cylindrical
surface indicated by broken line 16 in FIG. 1.

Each passage 12 has a curved generally logarithmic
spiral centerline indicated by the broken line 18 in FIG.
1. The initial portions. of these passages merge due to
the intersection of the grooves 13, the passages inter-
secting in such manner as to provide a generally ellipti-
cal leading edge 20 (see particularly FIGS. 2 and 3)
which constitutes the beginning of a dividing rib 22
having a flat upper surface corresponding to the-junc-
tion plane 11 of FIGS. 2 and 3.

The diffusing passages 12 have an initial converging
portion 23 which terminates at a throat.24. The section
of FIG. 4 is taken near the throat of the passage indi-
cated by the numeral 12. in that figure. Beyond. the
throat, the passage diverges as indicated by the succes-
sively larger cross sections 30, 31, and 32 in FIG. 5, the
passages ultimately terminating in the exterior periph-
ery 34 of the annular diffuser 7. The relatively slowly
moving flow of air is then supplied from a suitable ple-
num surrounding the diffuser (not illustrated) to the
point of use.

The supersonic flow entering the diffuser is diffused
in the initial converging portion 23 of the diffuser up to
the throat 24. Since the centerlines 18 of the diffuser
passages are curved to accord with the naturally vor-
texing flow coming off the impeller, diffusion is effec-
tively and smoothly handled and no shock is experi-
enced at the entrance to the throat 24 because the
throat curves with the flow.

While the diffusing passages in the diverging part.of
the diffuser may have a straight centerline, I prefer that
the centerline still curve in a spiral as indicated in the
drawing to avoid unnecessary deflection of a diffusing
gas flow through the passage.

It will be noted that the diffusing passages as illus-
trated start off as a circular cross section and become
elliptical towards their outer ends as illustrated in FIG.
5. The entire cross section of the passage might be el-
liptical if desired, and the-long axis of the ellipse might
be in a radial direction: relative to the axis rather:than
parallel to-the axis of rotation as illustrated in FIG. §.

‘By-virtue of the gradual entrance of the gas into the dif-

fusing passages, and the conformity of the passages to
the natural approximately logarithmic spiral of flow of
the vortexing gas, there is no forced turning of the gas
and smooth outlet conditions from the impeller and
through. the diffuser are obtained.
- While I have referred to the mating surfaces of the
sections of the diffuser as flat, obviously. these surfaces
could depart somewhat from a flat condition; for exam-
ple, they might be in the shape of a very blunt cone or
follow a spherical surface of large radius.

It will be apparent that the passages.can be formed
by milling ‘with a spherical mill in a numerically con-
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trolled machine, for example. Also, the diffuser may be
precision cast in the two pieces shown, or as a unit.

If in two pieces, the plates 8 and 9 may be bolted, ce-
mented, or brazed together to provide the complete an-
nular diffuser.

The detailed description of the preferred embodi-
ment of the invention for the purpose of explaining the
principles thereof is not to be considered as limiting or
restricting the invention, since many modifications may
be made by the exercise of skill in the art.

I claim:

1. A centrifugal compressor including a rotor dis-
charging radially and tangentially of the axis of the
rotor and a diffuser body defining diffuser passages
having entrances adjacent the periphery of the rotor,
the passages having arcuate cross-sections and merging
adjacent the rotor so that the body defines approxi-
mately elliptical leading edges at the intersections of
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the passage boundaries, each passage including a first
converging portion with a spiral centerline terminating
at a throat and a second diverging portion beginning at
and extending in a continuous spiral downstream from
the throat.

2. A centrifugal compressor including a rotor dis-
charging radially and tangentially of the axis of the
rotor and a diffuser body defining diffuser passages
having entrances adjacent the periphery of the rotor,
the passages having arcuate cross-sections and merging
adjacent the rotor so that the body defines approxi-
mately elliptical leading edges at the intersections of
the passage boundaries, each passage including a first
converging portion terminating at a throat and a sec-
ond diverging portion beginning at and extending
downstream from the throat, both portions having con-

tinuous spiral centerlines meeting at the throat.
* * * * *




