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The present. invention relates to. centrif-
.ugal pumps and. compressors -of -the type
comprising an impeller which' receives the

- fluid to be pumped at its central portion and

-5 discharges it at its periphery, and wherein

_.Mmeans are provided around- the periphery

- of the impeller for converting into pressure

the velocity of the fluid discharged from the
impeller. . '

10 Asis well kngwn, in all centrifugal pumps
- for incompressible. fluids, such means, com-
_.monly called a “diffuser” comprises a di-
. 'vergent -passage through which the fluid
. flows. - Also, as is pointed out in the Reissue

15. Patent to Moss,. 13,665, dated December 30,

: 1913, in a centrifugal compressor for a-com-

.. pressible fluid, such means ‘comprises a pas-
.. sage which is first convergent and then’ di-

. vergent for the case of comparatively high
~ 20 impeller speed . and .pressure ratio, or a
- passage-which is wholly divergent for more
"..usual cases. o s
= The. object- of our invention is to. provide
...an improved means, or construction and ar-
.25
- foregoing instances, for.converting velocity
~.into pressure, . with a high degree of effi-
ciency, and ‘at_the same time maintaining a
.. construction which is.simple in structure and
-capable - of: ‘being manufactured at a low
" _cost, and for 4 consideration of what we be-

.. lieve to. be 'novel and our invention, atten-

... tion is* directed: to. the :accompanying de-
.Scription and the claims appended thereto.
~of a .centrifuga

. being a .centrifugal compressor) embodying

. otir-invention, illustrating it in its preferred -

» form:and that ';v‘srihich ‘it usually assumes in
. 40,ac
. trate modifications.

e
<

- fluid will pass outward in a spiral path from

- the inner to the outer circumference of the
plates and will.maintain this constant angle,
- 50, forming: what is ‘called a free vortex.. By
‘the'angle of the fluid in such a case is meant’

‘the angle between the direction of a stream

rangement, for providing the passage in the

" In the drawing; Fig.'1 is:a sectional view
: trifugal .machine ‘(here shown as-

;actual practice, and Figs. 2, 8 and 4 illus-

‘plates are brought together. clo;

-252, and "preferably. of the

line at any point and the _,thngent to a cir-
cumference passing through that point.

. In this connection, it is.pointed out that

since the plates extend radially outward and

the angle of the fluid remains constant, there

results an area of discharge for the fluid
which increases. continuously from the ra-
dially inner edge of the passage to its radi-
ally outer edge. In other words, there re-
sults a divergent discharge passage which

functions to convert velocity into pressure..

The area of flow at any circumference is
given by the formula:

Area=2rrW sin a where
2=radius of any circumference.
W==distance between the plates.

a=the angle of the fluid.

From this formula it will be clear that if
the angle @ remains constant the area in-
creases with the radius. o L
. Now, although this property of the forma-
tion of a free vortex has been known, so
far as we are aware little practical use of
it in centrifugal pumps and compressors.has
ever been made, this being due, we now be-
lieve, to the fact that because ‘of the natu-
rally low angle of the fluid, the path of travel

~of the fluid in ‘the vortex was so long ‘that

the friction losses made the conversion. of
velocity into pressure exceedingly inefficient.

.As a result, it has been the practice, in con-

structing such centrifugal machines, to pro-
vide :discharge vanes with a divergent pas-

~sage for directing the flow of the fluid radi-

ally outward, the velocity. of the fluid being
at_the same time converted.into pressure.

In connection with a diffuser in the form
of two spaced annular plates, we have found
that, other things being equal, the closer the

, _ ‘ : .- plates are brought together, the higher the

- ~When_an: impeller: is. running; the fluid’
. being handled is discharged from its périph-
~..ery at.a constant anglé, and it is'known that..
5-if the discharge takes plaée into a diffuser.
- formed: of two .circular. parallel plates, the

angle of the fluid wil] be, and that if ‘the

that the angle of the fluid

normal load on the compresso
-a construction wherein the pat

tical the use of a diffuser comprising spaced

annular plates even though the radial depth

of the diffuser. must be increased somewhat

the fluid becomes short enough to make prac-.
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sary to effect conversion of the velocity into
pressure. : A :

In other words, we have discovered that
if the plates defining the diffusers are
brought close enough together to effect an
initial directioning of the fluid discharged
from. the impeller at an angle of the fluid
greater than 25°, and then are made of a
radial depth to provide a final discharge area
sufficiently great to effect the required con-
version of velocity into pressure, that effi-
cient operation of the machine is obtaired.
The correct relative positioning of the plates
to give the desired angle of the fluid can be
determined experimentally by positioning
the plates and then measuring the angle of
flow by inserting a freely moving vane In the
stream and reading the angle which it as-
sumes. Or, it may be determined by calcula-
tion from the quantity of flow, speed of the
machine, and its dimensions. The required

~ radial depth for the plates forming the dif--
fuser can be determiried also by experiment

and measurements. -

In connection . with the foregoing, it is
pointed out that the angle of the fluid varies
with the quantity of the fluid delivered by
the impeller which means that, in any con-

struction embodying our invention, if the.

quantity of the fluid being handled increases,
the angle of the fluid increases, and that if
such quantity decreases the angle decreases.
In carrying out our invention we provide an
arrangement such that for the loads which

5 the machine will be required to carry ordi-
narily under normal operating conditions,'

the angle of the fluid will not fall below 25°
for the least value of suchk load. Preferably
we construct tlie machine so that at normal
rated load the angle of the fluid will be of the
order of 35°, which means that at.normal
load the highest cfficiency will be obtained.
Under these circumstances, the angle of ‘the
fluid will remain greater than 25°, and so
give efficient operation of the machine at
loags of the order of one-half normal rated
load. =

If the tip of the impeller is sufficiently
narrow in width, the plates of the diffuser

may be parallel throughout their length, but
ordinarily such a condition is not met with,

so that in carrying out our invention we pro-
vide plates which approach each other and
then are parallel, or substantially parallel,
the approaching portion being such that the
desired high angle of the fluid is obtained.
However, the arrangement is always such

- that the discharge area is always increasing

so as to at all times form a divergent pas-
sage, unless conditions are such as to require
a preliminary converging portion to effect
the conversion of velocity into pressure.
Where the plates are parallel and close
enough together to” give the desired angle
of flow, the result may obtain that, in order

1,617,188

to providé the necessziry"dischs-zfge"at" the

periphery of the diffuser, it assumes a cir-

cumference too large for practical purposes, -

and to avoid this, the parallel portion may

be followed by a final pertion wherein the
plates recede from each other. In the pre-
ferred and usual form of our invention,
therefore, we have a diffuser structure where-
in the plates first approach each other, then
are parallel; and finally recede from each
other. This provides a passage of a length
such as to give small friction losses and at

the same time provide the desired final dis-

charge area without undue outer diameter of
the diffuser.

Referring to the drawing, 1 indicates the
casing of a centrifugal compressor attached
to which are bearings 2 in which a shaft 3
is mounted. On shaft 8 is an impeller which
receives fluid at its central portiom through
the inlets 5 and dischargr. 1t at its periph-
ery to a discharge ring 6 from whence the
fluid passes to a discharge scroll 7. The com-
pressor -illastrated is shown only by way
of example and is not described in detail,
since its specific structure forms no part of
our present invention, our invention relating
particularly to the discharge ring 6.

Referring now particularly to the dis-
charge ring, it is shown as comprising walls
formed in continuation of the side walls 8
for the impeller, and' as comprising a sec-
tion 9 wherein: the walls approach each
other, then a section 10 wherein the walls
are parallel or substantially parallel, and
finally a section 11 where'n the walls recede
from each other.

In constructing the section 9 it is desir-
able to make the slope of the walls quite
steep so as to rapidly increace the angle of
the fluid, which may be termed the vortex
angle. Ordinarily, however, ' the
should not be so steep that the walls ap-
proach each other with a rapidity such that
the decrease in width reduces the effective
discharge area faster than the Increase in
diameter increases it. If such were the case,
there would result -a converging -passage
which under operating conditions .usﬁalfy

met with would effect a conversion of pres-.

sure into velocity which would have to be
reconverted into pressure whereby a double
energy conversion would take place. How-
ever, 1f the conditions are such as to require
a preliminary converging portion for con-
version of velocity into pressure, then a
slope so steep as to give this preliminary
converging passage is necessarily used. The
sloping walls are extended radially to a point
where they come close enough together to
give the desired vortex angle or angle of the
fluid, (i. e:, an angle of the fluid of at least
25°) -and then they merge into the parallel
or substantially parallel walls which form
the section 10: The angle of the fluid is
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then maintained constant through this sec-
tion, the fluid flowing in a free vortex to-
ward the periphery of the discharge ring.
The effective area of the passage
the parallel portions of the plates increases
continuously from its radially inner edge

.to - its' radially outer edge, as already ex-

plained. This results in a divergent pas-
sage, and the fluid. in flowing through this
divergent passage has its velocity converted

into pressure, as is well understood.” The
‘parallel portion of the plates of the dif-
fuser may be made of a radial depth to give -

a final effective area such as to effect the
desired conversion of velocity into pressure.
However, in actual practice, this. may re-
sult in-a structure of tdo gredt diameter,
and to avoid this we preferably construct
the final portion of the diffuser with diverg-
ing walls so as to provide the section I1
wherein the conversion of velocity into pres-
sure takes place at a more rapid rate. Of
course, the angle of the fluid or vortex angle
is less in this section, but as such section is
of small radial depth, the increase in fric-
tion loss over what it would otherwise be is
not great. ' :
.In Fig. 2 is illustrated a form of thé in-
vention wherein the tip of the impeller 12
is narrow and wherein the two plates 13

which form the diffuser are parallel through- -

out their radial depth, and are so close to-
gether that the angle of the fluid is greater

~ than 25°, This forms an efficient diffuser,

35

40

but as already stated, leads ordinarily to a-

construction .wherein the diffuser is of con-
siderable radial depth. S :
Fig. 3 shows a modification of the Fig. 2
arrangement wherein the radial depth of the
diffuser is shortened by providing at its pe-
riphery a section 14 wherein the walls Te-
cede from each other. In this figure, 15 is
the impeller and 16 the diffuser.

Fig. 4 illustrates an arrangement similar

to Fig. 1, except that the receding walls at.
of the diffuser are omitted

the periphery

- and the required discharge area is obtained
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y increasing further the diameter of the
diffuser. In this figure, 17 is the impeller
and 18 the diffuser, and as will be noted,
the diffuser comprises, first a portion 19
wherein the walls approach each other, and

_then a portion 20 wherein they are parallel;

What we claim as new and desire to se-
cvre by Letters Patent of the United States,
18— o .

L. A centrifugal machine having a dif-
tuser comprising two spaced walls between
which the fluid flows radially outward, said

walls being so close together that the angle.

of the fluid at normal load is greater than

25° throughout the major portion of its-

iravel. :

©. 2.A centrifugal machine having a dif-

fuser comprising two spaced walls between

tween -

which the fluid flows outward, said walls
being so shaped that they first approach

.each other, then extend substantially paral-
lel to each other, and then recede from each

other.

8. A centrifugal machine having a dif-

fuser comprising two spaced walls which
provide a discharge passage which continu-
ously effects conversion of velocity into
pressure, said walls first approaching. each
other to an extent such as to provide at nor-
mal load an angle of the fluid greater than

25°, and then extending substantially paral-
.lel to maintain such angle of the fluid.

4. A centrifugal machine having a dif-

fuSer “comprising two spaced walls which-

provide a discharge passage of continucusly
increasing effective ared, said walls first ap-
proaching each other to an extent such as to
provide at normal load an angle of the fluid
greater than 25°, and then extending sub-
stantialy parallel to maintain such angle of
the fluid. ' , o

5. A centrifugal ‘machine having a dif-
fuser comprising two spaced walls between
which the fluid flows radially outward, said
walls being so close together that the angle
of the fluid at normal load on the machine
is of the order of 85° throughout the major
portion of its travel.
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-6.. A centrifugal machine having a dif- -

fuser comprising two spaced walls between
which the. flnid flows radially outward, said
walls being so close together that the angle
of the fluid at normal load is greater than
25° throughout the major portion of its
travel, and- the peripheral portion of said
walls receding from each other. '

7. A centrifugal machine having a dif-
fuser comprising two spaced walls which

provide a discharge passage which continu-

100
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ously converts velocity into pressure, said -

walls first approaching each other to an ex-

tent such as to provide an angle of the fluid

at normal load greater than 25°, then ex-
tending substantially parallel to maintain
such angle of the fluid, and. finally receding
from each. other, : .

8. A centrifugal machine having a dif:
fusér comprising two spaced walls between
which the fluid flows outward, said walls

first extending substantially parallel to each

other and then receding from each other at
their peripheral portions. ) .
9. A centrifugal machine having a dif-

provide a diSchar%e passage which continu-
ously converts ‘velocity into pressure, said
walls approaching each other to an extent
such as to provide at normal load an angle
of the fluid of the order of 35°; and then ex-
tending substantially parallel to maintain
such angle of the fluid throughout the ma-
jor portion of its travel. - -

10. A centrifugal machine having a dif-
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fuser comprising two spaced walls which
provide a discharge passage which continu-
ously converts velocity into pressure, said
walls first approaching each other to an ex-

" tent such as to provide at normal load an

angle of the fluid of the order of 35°, then

extending. substantially parallel to each.

4 1,617,183

other to maintain such angle of -the fluid,
and finally at their peripheral portions re-
ceding from each other. C .10
In witness whereof, we have hereunto set
our hands; this 21st day of May 1925.
SANFORD A. MOSS.
MANUEL G. ROBINSON.



