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[57] ABSTRACT

A diffuser for a centrifugal compressor has a body de-
fining diffusing passages extending tangentially and ra-
dially from an annular space around the circumfer-
ence of the compressor impeller. These passages di-
verge in the direction of flow and trend smoothly in
cross-section from rectangular at the inlet to circular
at the outlet in the preferred case. The cross-section
of the passage follows the relation
Ix/a)®+ |Y/bls =1,

where x and y are coordinates, a and b are width and
depth parameters, and s is a shape factor which varies
progressively along the diffusing passage from near in-
finity at the inlet to preferably 2 at the outlet.

4 Claims, 8 Drawing Figures
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DIFFUSER FOR A CENTRIFUGAL COMPRESSOR

My invention is directed to improvements in diffusers
for centrifugal compressors and the like, and particu-
larly to a diffuser having some of the advantages of
both a two-dimensional or three-dimensional rectangu-
lar passage diffuser with flattened wedge-type vanes be-
tween the diffusing passages and of a three-dimensional
diffuser with passages of more or less circular cross-
section, which may intersect to provide more or less el-
liptical edges at the intersections of the passages. Par-
ticularly, my invention is directed to a diffuser in which
the diffusing passages have rectangular inlets and have
a gradual transition to an elliptical (including circular)
outlet. :

An object of the invention is to improve the effi-
ciency (pressure recovery) and flow range of a diffuser
for a centrifugal compressor. A further object is to pro-
vide a diffuser having smooth flow characteristics with
transition from rectangular to elliptical cross-section in
the diffuser passages. A further object is to provide a
diffuser having the flow range advantages of the rectan-
gular inlet with a conformation providing a relatively
large hydraulic radius downstream from the inlet for a
given flow area, with smooth transition from a rectan-
gular form to elliptical. A still further object is to pro-
vide greater freedom and certainty in the design of dif-
fusers.

The nature of my invention and its advantages will be
clear to those skilled in the art from the succeeding de-
tailed description of the preferred embodiment of the
invention and the accompanying drawings.

FIG. 1 is a generally radial partial sectional view of
a centrifugal compressor, taken on a surface indicated
by the line 1—1 in FIG. 2.

FIG. 2 is a partial transverse sectional view of the
compressor stator taken on a surface indicated by the
line 2—2 in FIG. 1.

FIGS. 3, 4, 5, 6, and 7 are diagrammatic illustrations
of successive cross-sections of a typical diffuser pas-
sage. :

FIG. 8 is an axonometric illustration of the change in
contour of a diffuser passage in accordance with FIGS.
3 through 7.

Referring first to FIGS. 1 and 2, a typical centrifugal
compressor 2 includes a rotor or impeller 3 including
a hub or disk 4 rotatable about an axis contained in the
plane of the figure. An annular array of impeller blades
6 extending from the hub receive air entering generally
axially of the compressor through an inlet 7 and dis-
charge it into a vaneless space 8. The impeller is
mounted in a stator 9 comprising a rear plate 10 and a
front plate 11. The rear plate mounts a bearing 12 for
a shaft 14 by which the impeller 3 is driven. The rear
plate extends close to the rear face of the impeller 4
and the front plate bears forwardly adjacent the tips of
the blades 6 to define the annular air inlet 7 between
the front plate and hub.

The portion of the stator 9 radially outward of the
vancless space 8 is a diffuser 15 which defines generally
tangentially and radially extending diffusing passages
16 which terminate in an annular outer space 18 be-
tween the front and rear plates.

The manner in which the diffusing passages are man-
ufactured is immaterial to the invention; they may be
machined or may be cast, for instance. A numerically-
controlled machine may be programmed to generate
the passages or to generate a master form having the
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shape of the passage. Preferably, each passage is
formed half in the rear surface of the front plate and
half in the front surface of the rear plate, these plates
meeting along a joining plane 19. As so far described,
the compressor may be regarded as of known type, an

example of such compressors being described in Atkin-

son U.S. Pat. No. 2,819,012 issued Jan. 7, 1958. My in-
vention is specifically directed to the conformation of
the diffusing passages 16.

In operation of such a compressor, the impeller 3 is
rotated at high speed to pump a gas, which may be air
and which will be so termed. The air is delivered from
the impeller at high speed with a considerable radial
component of velocity and a greater tangential compo-
nent. The air then flows generally spirally through the
vaneless space 8, which may be of a relatively small ra-
dial dimension, into the diffusing passages 16 which
gradually increase in area from the inlet 20 to the outlet
21 of each passage. The divergence of the passages
must be gradual to provide for smooth reduction in ve-
locity and consequent conversion of velocity head into
static head as the air flows through the diffuser. The air
flows from the diffusing passages at relatively low ve-
locity. In an efficient diffuser, most of the velocity head
is converted to static head. The air discharged into the
outer space 18 may then be collected in a scroll or any
other suitable structure for delivery to a point of use.

The width dimension of the diffuser is indicated in
FIG. 2 by the arrow and legend w, and the depth di-
mension by the arrow and legend d in FIG. 1.

In.general, prior art diffusers have been character-
ized by diffusing passages of rectangular or approxi-
mately circular cross-section. In typical rectangular dif-
fusers, the diffusing passages may have the same depth
(dimension parallel to the axis of rotation of the com-
pressor) through the entire length, but increasing width
(dimension in the radial direction) from inlet to outlet.
They may, however, diverge instead in width. These are
called two-dimensional diffusers. Some rectangular dif-
fusers are three-dimensional; that is, the passages in-
crease in both width and depth in the downstream di-
rection. With diffusing passages of generally circular or
elliptical section, the passages ordinarily diverge both
radially and axially. Circular cross-section passages for
diffusers intersecting to define generally elliptical lead-
ing edges at the entrance to the passages have been
proposed. For such a diffuser with an initial circular
section, there is no problem of transition to a circular
cross-section downstream in the diffusing passages.
However, with the rectangular inlet which I consider
desirable, the solutions to transition into a circular
cross-section have not been ideal.

It is understood by those skilled in the art that effi-
ciency in a diffusing passage is promoted by cross-
sections approaching the circular, and in any event
with rounded corners, for the reason that the wetted
perimeter and thus friction are less than for a rectangu-
lar passage of the same area. Otherwise stated, the hy-
draulic radius is greater for a given area. Abrupt
changes in the cross-sectional shape of the passages are
undesirable, as are abrupt changes in dimensions.

In the ensuing discussion it will be understood that
the term ‘‘rectangle” embraces the square which is a
special case of a rectangle, and the term “ellipse” em-
braces the circle which is a special case of an ellipse.

There have been proposals of diffusers for centrifugal
or mixed-flow compressors in which the initial portion
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of the passage is analogous to a rectangle, or approxi- -

mately circular without merging of the passages, and in
which the outlet is circular. The most pertinent of these
of which [ am aware are in patents to Buchi U.S. Pat.
No. 2,596,646, May 13, 1952; Aue U.S. Pat. No.
2,609,141, Sept. 2, 1952; and Leduc U.S. Pat. No.
2,658,338, Nov. 10, 1953. It will be apparent from the
succeeding description of the geometry of my diffusing
passages that they are different from those referred to.

Proceeding now to this detailed description, FIGS. 3
through 7 show respectively the cross-sections of a rep-
resentative diffusing passage at 0, 25, 50, 75 and 100
percent of its length, corresponding to the points 22,
23, 24, 26, and 27 marked off on one of the diffusing
passages 16 in FIG. 2. At point 22 at 0 percent of the
length of the passage (FIG. 3), the width is 0.445 inch
and the depth 0.292 inch; the boundaries are rectilin-
ear and the passage is rectangular. At the outlet point
27 shown in FIG. 7, the outline of the passage as ex-
tended to this point is circular, with a diameter of 0.751
inch. The cross-section of the passage at both ends and
along its length between the ends may be represented
by the equation

{xfals+ | y/b]2 =1,
where x and y are the axial and radial coordinates of
the boundary of the cross-section of the passage, a is
half the width w of the passage radially of the diffuser,
b is half the depth d of the passage axially of the dif-
fuser, and the exponent s is a shape factor varying pro-
gressively from a very large value at the inlet to or near
two at the outlet. With the exponent equal to two, the
curve defined by this relation is an ellipse, and if a and
b are equal, it is a circle. As the exponent increases, the
cross-section deviates progressively from the elliptical
shape and approaches the rectangle as a limiting case,
the relation giving a true rectangle when the exponent
s reaches infinity. When the value of s is greater than
a hundred, the outline is substantially rectangular. Inci-
dentally, this curve has been termed a ‘“‘superellipse.”

The initial value of passage depth d is primarily a
matter of the axial dimension of the outlet of the impel-
ler. The value of the width dimension w depends pri-
marily upon the number of diffusing passages consid-
ered desirable for a particular compressor and is also
affected by the angle between the passage centerline
and the radial direction. This is true for rectangular
inlet diffusers in general. As will be seen in FIG. 2, the
diffusing passages 16 are separated by a knife edge or
wedge 28 at the leading edge of the vane or separating
structure 30 between the passages 16. The inner sur-
face of the vane up to the point 22 abreast of the next
downstream vane is preferably a surface generated by
a line parallel to the axis of the rotation of the compres-
sor so that the inner surface of the vane between point
28 and point 32 shown in FIG. 2 is a type of cylindrical
surface, preferably something on the order of a spiral
cylinder. This accords with the outwardly spiralling
flow of air from the periphery of the impeller.

Thus, at point 22 the outer and inner boundaries of
the diffusing passage are defined by straight lines and
the forward and rear boundaries are defined by straight
lines, as illustrated in FIG. 3. The rectangle may be
considered to be generated by substituting the values
w/2 and d/2 and an exponent greater than 1,000 in the
equation stated above. Now, if the exponent s is al-
lowed to decrease, the cross-section of the passage be-
gins its transition into an ellipse. As shown in FIG. 4,
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at the 25 percent point indicated at 23 in FIG. 2, the
exponent s is decreased to 100 and the width and depth
increase to 0.505 and 0.406 inches respectively. At the
50 percent point 24 the exponent may be 8 with 0.570
inch width and 0.506 inch depth. At the 75 percent
point 26, the exponent has decreased to 2.05, the width
is 0.670 and depth 0.640, and the passage is closely ap-
proaching a circle. Finally, at the 100 percent point for
outlet 27 the exponent is diminished to 2, width and
depth are equal, and the curve is a circle of diameter
0.751 inch.

It is to be understood that the specific dimensions re-
cited are those of a particular diffuser designed for a
particular compressor having particular dimensions,
flow rates, and pressure rise. Values for different com-
pressors wiil vary. However, the values stated are con-
sidered to be informative and illustrative of the nature
of the diffusing passages developed by the application
of the principles of the invention.

In designing the diffuser, the inlet dimensions are de-
termined by the dimensions of the outer boundary of
the vaneless space around the impeller, the number of
passages, and the relation between radial and tangen-
tial velocity of the discharged air. This is well under-
stood and is a dimension problem common to all diffus-
ers with rectangular inlets to diffuser passages.

The amount of diffusion required will determine the
desired ratio of the outlet area of the diffusing passage
to its inlet area. The angle of divergence may follow the
usual practice, ordinarily not exceeding about 6°. The
length of the diffusing passages is largely determined by
the area ratio taken in connection, of course, with the
maximum desired angle of divergence.

It is apparent that the area should increase progres-
sively and at a relatively constant rate. The factors
which determine the area at any cross-section of the
area are the width and depth and the exponent s. The
designer thus has three factors with which to work in
securing the desired divergence of the passage. It is
highly desirable that both width and depth increase
along the passage from inlet to outlet and that the
shape of the passage trend smoothly from the rectangle
into the ultimate ellipse. Thus, the parameters a and b
in the cross-section equation increase along the center-
line of the passage and the exponent s decreases. The
nature of such variation in a typical case is illustrated
by the specific example described above. In connection
with this example, it is noted that the ratio of w to d de-
creases from inlet to outlet but this results from the fact
that w is initially greater than d. It may also be desirable
to mention the areas of the cross-sections of FIGS. 3 to
7 which are, respectively, in square inches, 0.130,
0.205, 0.281, 0.364, and 0.442. It will be seen that
these increase approximately linearly with distance.

As indicated above, in designing a specific diffuser,
the parameters a, b, and s are under control of the de-
signer, who thus has three factors entering into the area
of any cross-section of the passage.

The area of the superellipse

|xlals+ [y/bls =1
may be expressed as A = kab, where k is a constant de-
termined by the exponent s. In the range of values of
s from 2 to infinity, k ranges from pi to 4. Intermediate
values may be determined by integration and expressed
in a curve or table.

The function is a smooth one passing through the fol-
lowing points:
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s 2 3 4 6 10 16 30

100

k 3.14 3.53 3.71 3.86 3.95 3.98 3.99

4.00

The mean line of the passage which passes through
the points 22, 23, 24, 26, and 27 at the center of the
cross-sections may be a straight line or a curved line as
desired. In the particular case of the diffuser illustrated,
it is a straight line from point 22 to point 27. Because
of the incurving toward the rotor of the portion of the
outer boundary between the leading edge 28 and point
32, the initial portion of the mean line may be consid-
ered to have a slight curvature toward the center of ro-
tation of the rotor.

The diffusing passages so far described diverge from
the inlet 22 to the outlet. In this case, the throat of the
diffuser is at the inlet, that is at point 22. In some cases
with supersonic inlet flow, a diffuser may converge ini-
tially to a throat and then diverge. In such case, the dif-
fuser may have decreasing values of the exponent s
from the inlet to the outlet as previously described, but
differ from that previously non-flesh in that the area of
the passage decreases from the inlet to the throat and
then increases from the throat to the outlet.

It should be apparent to those skilled in the art from
the foregoing discussion that the principles of my in-
. vention provide for a diffuser having a highly desirable
balance of the properties of rectangular passage diffus-
ers and of the so-called pipe diffusers in which the pas-
sages are approximately circular from end to end. The
principles of the invention provide for smooth transi-
tion under easily determined mathematical conditions
from rectangular to elliptical through the diffusing pas-
sage.

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 diffuser for a centrifugal compressor comprising
a body defining a central space of circular cross-section
to receive a centrifugal impeller and defining an annu-
lar array of diffusing passages extending generally radi-
ally and tangentially from the periphery of the central
space, the passages being substantially rectangular at
the inlets and substantially elliptical at the outlets and
having cross-sections trending consistently from the
inlet to the outlet according to the relation that the ab-
solute value of the quantity x/a raised to power s plus
the absolute value of the quantity y/b raised to power
s equals unity, where x and y are the coordinates of the
boundary of a cross-section of the passage, a is half the
width of the passage radially of the diffuser and b is half
the depth of the passage axially of the diffuser at the
cross-section, and the exponent s is a shape factor vary-
ing progressively in value from a large value at the inlet
to substantially two at the outlet, and the ratio of a to
b converging toward unity toward the outlet.

2. A diffuser for a centrifugal compressor comprising
a body defining a central space of circular cross-section
to receive a centrifugal impeller and defining an annu-
lar array of diffusing passages extending generally radi-
ally and tangentially from the periphery of the central
space, the passages being rectangular at the inlets and
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substantially elliptical at the outlets and having cross-
sections trending consistently from the inlet to the out-
let according to the relation that the absolute value of
the quantity x/a raised to power s plus the absolutc
value of the quantity y/b raised to power s equals unity,
where x and y are the coordinates of the boundary of
a cross-section of the passage, a is half the width of the
passage radially of the diffuser and b is half the depth
of the passage axially of the diffuser at the cross-
section, and the exponent s is a shape factor varying
progressively in value from a large value at the inlet to
near two at the outlet, the values of a and b varying
smoothly from the inlet to the outlet, the values of a,
b, and s varying so that the passages vary smoothly in
area from the inlet to the outlet, and the ratio of a to
b being near unity at the outlet.

3. A diffuser for a centrifugal compressor comprising
a body defining a central space of circular cross-section
to receive a centrifugal impeller and defining an annu-
lar array of diffusing passages extending generally radi-
ally and tangentially from the periphery of the central
space, the passages being rectangular at the inlets and
substantially elliptical at the outlets and having cross-
sections trending consistently from the inlet to the out-
let according to the relation that the absolute value of
the quantity x/a raised to power s plus the absolute
value of the quantity y/b raised to power s equals unity,
where x and y are the coordinates of the boundary of
a cross-section of the passage, a is half the width of the
passage radially of the diffuser and b is half the depth
of the passage axially of the diffuser at the cross-
section, and the exponent s is a shape factor varying
progressively in value from a large value at the inlet to
near two at the outlet, the values of @ and b increasing
smoothly from a throat to the outlet, the values of a, b,
and s varying so that the passages increase progres-
sively in area from the throat to the outlet, and the ratio
of aa to b being near unity at the outlet.

4. A diffuser for a centrifugal compressor comprising
a body defining a central space of circular cross-section
to receive a centrifugal impeller and defining an annu-
lar array of diffusing passages extending generally radi-
ally and tangentially from the periphery of the central
space, the passages being rectangular at the inlets and
substantially elliptical at the outlets and having cross-
sections trending consistently from the inlet to the out-
let according to the relation that the absolute value of
the quantity x/a raised to power s plus the absolute
value of the quantity y/b raised to power s equals unity,
where x and y are the coordinates of the boundary of
a cross-section of the passage, a is half the width of the
passage radially of the diffuser and b is half the depth
of the passage axially of the diffuser at the cross-
section, and the exponent s is a shape factor varying
progressively in value from a large value at the inlet to
near two at the outlet, the values of a and b increasing
smoothly from the inlet to the outlet, the values of a,
b, and s varying so that the passages increase progres-
sively in area from the inlet to the outlet, and the ratio

of a to b being near unity at the outlet.
* * * * *
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