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T all whom it mey concern:

Be {t known that I, Hioxsy A. Raxve, of
Worosster, in the county of Worcester and
Htete of ‘(unehunm, have invented cer-
Daratin for Cuniringel Froid Comprarich

nid Compremion
of which the following is s specification,

An iment of my inivention is sh
in the accompanying dr’n ings In 'u b

w
Figure 1 ments & longitudinal section
of & mult centrifugsl compremor con-
iﬁ to my invention. FKig. ¢

-an elavation looking frow

the right in Fig. 1. Fig. ¢* represents a de-
tail plan view of the gearing imcluded iu
the automatic control-devioes. ~ Fig. A repre-
seala & metion on line 3—8 of Fig 1. Fig.
4 reprevents & fragmental plan view. Fig,
& ts & meotion on line 56— of Fig. 1.
Figs. t and 7 represent respectively mectionns!
conven-
tional (ype of fau-blower squipped respuc-
tl;yel,va with :-um'l-nlnlv:t ut_llcl :«x-.eum:h rminem
s resents a detai jon, show n
medification,  Fiowine

The namee refsrence characters indicate the
sme parta in all the figures..

The primary object of my invention ix to
provide an improved apparatus for com-
prewing fluidy, such as air and other ganex,
on the centrifugal lprmclple, by the continu-
ous applieation of power, to much higher
pressures than can be practicably or eco.
nomically attained Ly the prevailing types
of fan-blowers, -

It ix well known that the ordinary cen-
trifugal fan-blower consista of & casing hav-
ing an nxial inlet for the air or other g to
be compremed amcd » tnngentinl oo, the
nir receiviinge a rotary movero within is
eanlug by the netion of a biaded fan or run.
ner mounted ecventricully within the easing,
The ecventricily of the runner within the
eaning is necesitated by the fact that the air
is taken out ususlly at only rne point on the
circumference of the cuinﬁ and hence the
clearance-space between the ends of the
blades and the circumferential wall of the
casing is given a apiral form in order that
the volumes of air luvin{z the periphery of
the blades, which sccumulate from the point

the outlet-pipe to uig outllt-&ipc, may be
glmpcrly accommodated. Such s type of
ower, while suitable for low pressures, be-

direction from.

comaes very ineficient and wasteful of power
whea it ix attempted to speed it for the de-

‘velopment of high pressures, such as are re-

quired in many situations and for which it
is at prosent customary to employ cylinder-
and-piston compressors. Among the causes
of ita inefficiency are, the continuous inter-
ference with the natural circular whirl of
the air in the fan, occanioned by the irregu-
Jar_contour of the within the cawm

and by the eccentricity of this space witn
respect to the fan-shaft, the high frictionsl
lrees caumed Ly the relutively-large sur-
fuce exposed to the fluid flow at high veloci-
ties in proportion to & given size of effactive
whirl, the restriction of the effective whirl
to a dismeter only slightly larger than that
of the fan circumference, the lagging of
thoee fluid portions outside of the effectiveo
whirl to a velocity materially slower thun

that of the fan with reslting diminished

contrifugal tendency and internnl friction of
the Huid, the Inrge frictional and eddy lomes
ocensioned when the output of the fan i
anything les than that for which its apirl
clenrance is designed, ete.

For a better understanding of tlve lust:
mentioned nnd other objections to the ordi-
nary fan-blower, refercnce may he had to

i

r

W

Fig. 7. in which 10 in the blower-casing, 11 °

its tangential outlet, and 12 the fan or vun-
ner eccentrically mounted within easing 10.
At full-load or when there is n maximun
ont-take through the. ﬁipe' 11, the whirl cre-
ated by the fan may ba assumed to take the
forin of the dotted-line cirele 13 concentrie
with the fan-shaft. It iv abvious-that under
these eonditions, the offective whirl avail-
alde for contrifugnl action ix considerably
tosn B dinaseter Unins the dinneter of (ho
ensing 10, from which fact covtain of the
Tossex above mentioned arise, At no-load or

when there it no out-take through pipe 11,
‘the whirl created by the fan tends to tnke

position concentrie with the fan-casing 10,
as. represented by the dotted-line circlo 14.
Since the Iatter circle is eccentric to the fan-
shaft, large frictional and eddy lonses will
be accasioned by the fact that the blndes of
the fan must plow through the neatral or
central portion of the whirl and much eddy
disturbance. of the nature indicated by the
arrows, also takes place at the entrance to
the pipe 11, At any stage between no-lond

-wnd full-load, the diffculties mentioned will -

1)



At compnrati
those for which
, thin proport
Ty noticeable, ahila ¢
to use this type of fan-blower to | spuee hetween. its circumferenco and the

! rable { outor wall of the clamber 19 in order to

cylinder-and-piston | give a large effective whirl relatively to the
P! ap- | dismeter of the runner and to allow for ad-
Reat in the fluid would prohibit | justment of the whirl in accordance with
ent of the device in | variable load. Radially beyond the outlet-

iy
10 tem
attain compression
with thoss atiained
compressors, th

15 economical employm

fluenca counteracti
20 premiva in
The def

ri

ix to take mn occentric

proporti'mto degres.
pe of fan in question neces-
wastes much of its pow

L~
N
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Conse- | lc rotated by suitsble means. The outlet

from this chismber in by way of a slot 23 ax-

hich | tending throughemt the circumference of
y into the u'm‘rmim of the niv or | tho fun-clmmber and having & total crow:
id in simpl

wating up the fluid. | setional ares of aperiure, rm[cmhl about

aw  presares such ax | tho e nx wotthed Tue regqn
fan-biowers are now e take pipe of a conventional fuc-blower of
ional lom of work ix not | the rame capacity. lw runner %0 rutates

rml for the out.

but should it be at- | with » consulerablo clunrnuco ov corridor-

on of wor

reamires
by

\ly as in going to slot 22, the fluid reaches s chaumber 23

acta a8 & cumulative expand

and densitien the heat of | through which it flows centripetally to the
ing in- | axial inlet 18° to the next fan-chiamber 19’

the centrifugel com- | contuining & fan-or runher 20° fixed (o the

fan or runner conoen

whinft 23, ‘Tho chinnduee 192 hian n wlot-outiet

an.
of the spiralclearance fan |2’ to o chamber 23 similue (o 93, trom
whown In Fig. 7 are not remsclitad by wonnt- whenee the fluid enters the thind fan-cham-
r ccentrically in (he | ber 987 und wo on un for we it ey 19 de-
ug as seen in Fig. 6, for while at no- | sived to caery the uimbor of singey, three

casitg
25 load or

.

out-take the whirl i concentric with | stages being herein slown merely us ropre-
‘the fan, as ind“i:t
ving rise,
. odiite pro
11,
30 whi

ted by dotted-line vivele | sentmtive of the multi-stage ides contained
it be said, to only the | in my invention. :

reduced at the entrance of the pipe |  Oune wall of the fan-chumber 19 is con-
et at full-load, the tendeney of the | stituted by » disk 24 whose hub ix threaded
position repre- | nt 25 npon the exterior of ane of the bear-

sented by dotted circle 16, in order to allow ings 26 for the shaft 21, a suitable stufting-
‘the volumes of air to take their natural | box 27 being provided to prevent back-flow -

iral path to
P rcumutances
35 cantral or neutral

i
e B

11, and under such | along the ireacls foom a higher - pressurs
12 plows across the | chamber into w lower- pressure c amber.
portion of the whirl and On the tim of the disk 24 are formed gear-

sets up great internal friction and eddies in | testh 28 meshing with the tecth of a pinion

th;{ air.
min(lm

48 practically nded its effect,
ng & Jarger
the diameter of the runner,
in

the objections above m
40 providing improvements
an or compreswor. in
whirl created Ly

is divorced from

of the air upon which

he circumfercace and val-

in a

a9 rotated through bevel-gearing by & shaft

resent invention neeks to aveid nnd | 10 which extends tv the autaide of the cas-
by | ing. I3y this.menns the disk 24 may be vo-°

centrifugal | tated and therdy e adjusted axiolly to
whose construiction the | vary the width of the slot 22 for diffcrent
rotating fan or runner volinies of outpat.  The interior of cham-
the ontlet-secking portians | ber 93 is divided by raelint fins or partitions
ventrifugal forca has | 31 into u sevies of conduits or portions of
thus allow- | the general couchiit or chamber 23, the pur-
ective whirl in proportion to | puse being Lo prevent tolation and conse-

e

mmber 23 whieh would tend to oppose

smaller surfaces qln_ein contrifugnl action of the fluid in-
[ 4]

umo of the effective whirl, and  avoiding | that of the finid in clwmber 19, The fins

50 the large amount
creation of

Tias an axial in
ber 19 containin

of centrif

wings, 17 indicates n

 of waste work due to tho | 31 luwve, an best ween in I, 3, curved knifo.

eat] eddies and internal friction (-dg\ed ‘plates 92 designed to deflect the ra-

within the body of fluid incident to the con- | dix
ventional type
Among the import

88 in the feasibility of conducti
stage comprewion by a_suita
tion of units constructed acco
invention_as more fully herel
seribed, Which

60 part of my invention.

: Referring to the dra
wectional casing, th

Aangentinl currents of air from the cns-

1 fan-bluwer. | ing 19 to a radial divection of flow. The re-
ant resuits thus obtained | mwining sections or compartiments of the
. & multi- | compresor nre in like manner provided with
e combinn- | ndjustuble disks for vaiying the widthy of
to my | their outlel-slots, und with radial fius to
nafter de- | prevent rotation of the fluid within their
ombination constitutis « | outbet-chambeors. ‘Phe finul outdet is through

Ilipu 83 (Fig. 1), The compression-cham-
sers and fans decrense in volume and size

first mection of which | successively to correspond with the incrensed

a bladed

¢$ runner 90 attached to s shaft

r
21, w

ot 15 to u compression-clumni- ' denxity of the flnids hundlad in the succes-
“fan or | sive stiages of coupression.
ich may |  Oil is curried to the bearings 2¢ between
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pes 856 to
88 eut intheshaft Ill. “Similar

but 6ppodtdx‘-pitebod o 37 arecut in
s the-bearings 36 and svle of grooves lead

L]

25 43 for the introd

4%

s0

L 13

-conserving this heat

to chambers 88 surrounding the shaft and
puddies 39 rotating with the
he centri fn&n_el action of thews pad-
& nnblnﬁ ;Tvlth u ﬁ"n ae:hmnI of
he: grooves u oil forces the Jat.
ter. upwardly mmm:pi 40 to the
resscvoirs 3 whenos it descends and
agnin flows tim'h t'ho i % of th

-} Im‘ () L ]
ifitis duipr:d to cool
the fluid ss it is compressed, by a suitable
meditn. such as water, or for the purpone o
Ins llitlbf: imedium

as water, air or to be adapted to
' tlgu‘!nn-

nhnq'smt veeful purpo '
chambern 19 19’ 19 and outlet.chambers 23
48’ $3°° are jacketed by means of chambers:
41 whose endn are divided by partitions 42,
The firnt of thewe chambers has an inlet-pipe
uction of the cooling or
ving fluid and an outlet 44 to the
naxt chamber 41, from which latter lends an
outhet-pipe 45. The direction of the couling
fiwid in indieated by srrowa in Fign. 3 and 4.
In the cune of rir or other gas contained in
the chambers 41, much of the heat of com-
pression would remain in the main flow
which would be useful in employing the air
compresséd by this apparatus for a heat-

;;rm the sections of the casing 17 are
Jocated heat-inmilating packings 46 designed
to prevent the backward conduction of heat

through the metal of the walls from the
chambers of higher compremion and heat to

those of lower compremion and hent.

In the operation of the apparatus: the ro-
tation of the fan or runner 20 in the first
fan-chamber 10 creates a whirl of the flnid
taken in through inlet 18 and ay this whirl
takes place within a chamber of perfect ro-
tational form, there is an abnence of the «l-.
dies and internal friction hereinbefore men-
tioned, Ceuntrifugsl force acting on the
particles of fluid in the whirl forces this
fluid radially ‘and tangentisily through the.
slot 22 into the chamber-28 through which
it Bows centripetally to the inlet 18’ of the
next fan-chamber, the compression process
heing repested in this chamber and so on.
each fan imparting a successive increment
of compression until finally the fluid is in a
highly-comp) condition .and_attsins a
final outlet through pipe 33. When once
through the slot 22 the flnid is unable to re-
turn and all back eddies are avoided.. The
combined. influences of the oil-grooves on
shaft 21 and the peaddles 89 on said shaft.
tend to-produce a constant flaw of oil in the'

908,608.

venting back-flow of comp

de,r-nml-*

ereasing the width of

direction of the higher pressures, and ‘its

from | eirenlation through pipes 35 40 and reeer-
volr M, the oil seeving the double function

of lubricating the siaft-besrings and pre-
fluid nlong
the shaft.

It in to be noted that the constant-temper-
ature comnditions maintained in tie seveinl
departments of a comprosar of this type
are in marked contrust to the tendency to-
ward tempernture rine which I obwerved in
piston compremiors, in which the successive
compremions taking Ipl.ce in the same cyl-
inder make the wallx steadily lotter and
hotter and retcler artificial cooling menns

‘an esential requisite in order to prevent im-

pairment of the parts. This increase of tem-

f renture ix particularly noticeable at the

tigher presuires, My improved centrifignl
comprewor is not sibject to abnormml in-
crenne of tpmwnuun-etmmzhrtmc of exlin.
siston compresdon to high pressures
aned on the other Wt the type of apparatus
involved in able to stand a much  higher
tempernture without injury, , '

In Fig 8 is shown o wadifieation wherein
the cireumferentinl or circonmmbient outlet
from the fan-chamber 19 instend of being in
the form of n slot ix simbodial in a cireut-
ferentinl series of holes 50, Theswe form an,
ontlet sulstantinily the saow in offeet ax

‘the slot, althongh the xlot s preferved as

being more ensy to adjust,

In Fig. 1 a continuntion of the compressed-

nir pipe 38 is shown ax extended on a smialier
wale to & motor i1, representing s device
which may be driven hy the cotnpressed it

Figs. 1,2 and 2% illustrate eans forauto-
maticnlly controlling the width of outlet-
slot nnd the width of whirl for the first
compressing-unit, which means inight also e
applied to one or mare of the other units,
1f the wideth or thickness of whirl be varied,
this will incvease the quantity of fluid sub-
jeeted 10 centrifuym] action and necordingly

Cwill vary the-eapneity or outpit of the ma-

chine without varving the, preware of the

70
"
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delivered fluid.  One of the sides of the fan- -

casing can be moved (o vary the width of
the whirl, sud the widthi of the outlet-slot
should wlso be varied to correspond with'
the différent output, the varintion prefer-
ably being proportional.  Splined to the
shaft 30 of the Grst compressor-unit is n dou-

Ble clutch-member 52 adapted to enguge
cither ‘one of the clutch-mewbers on a pnir

of hevel-gears 53 ad. wherewith emgmges n
thixl bevel-gonr 55 which is continuously
driven through shaft 50, gears 67 58, slnft
50 mnd gears 60 41 from the shaft 21. Ac-
vording 1o whether the clutch-sleeve 51 en-
gagres {he u‘)per or the lower bevel-genr, the
shaft 30 will be rotated in ane direetion o
the other, therehy cither increnning or de.
wot 22, The shafi

40 i connected with w purallel shnft 63 by

118
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128
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4%

¢ gearing 64 and ix connocted hy gesr-
§ with the movable sicle (8 of the
19 which screws on s thread 67,
By this means the width of the whirl is
8 veried and the width of the slot. varied pro- |
portivnately or-in any other desived ratio ae-
cording to the arrangement of the gearing, .
Shaft 30 is shown as under both xpoed ami |
pressurc control. A lever 08 ix ¢onucrted
witlh s spindle 69 affected buth by » fly- !

bel 70 and & pressurc-disphragm .
T i i s s o
. e delivery-pi i

and thcp I".\lrernm- receives tnotii'n‘;y bp F:fhaft I
73 from the apparatus propelled by the com- ;
pressed fluid eli\'erqi by the compressing
apperatus.  Should the pressure drop from
i demand of the driven apparatus,
the capacity of the machine will be automat- -

20 ieullx vice versa. Should the !

an or decrease of load, the capacity :
of the compressor will be sutomatically pre.
red to correspond with the increased or |
ecressed demand. Obviously either the !
pressure or speed-control could be used sep.
arately, : :

I claim:— ‘

1. In & centrifugal fluid compressor, the
combination of a compression-chamber hav-
ing relatively-movable walls between which
is formed an ontlet-slot, one of said walls
being threaded, a complemental stationary
threaded member, gearing for rotating the |
adjustable wall to adjust the width of said
slot, an inlet to said chamber, and meuns to
produce a whir] of fluid within the chamber. °

2. In a centrifugal fluid compressor, the
combination of a compression-chamber hav-
46 ing walls between which is formed an outjet.

ot, one of mid walls being formed with
.An internal thread, an externally-threaded
shaft-bearing engaging said internal thread,
means to rotate the adjustable wall for vary-

ing the width of the outlet-slot, a shaft
mounled in said bearing, and a hladed run-

fuy-

Ez

10

13

L L)

45

of the driven a’p‘mntuu‘ vary from | i

ner on said shaft within the chamber.

8. In a centrifugal fluid compressor, the
combination of a compression-chamber hav- |
ing walls between which is formed an outlet-
slot, one of said walls being threaded and |
rotatable, & complemental thrended miember,
& stuffing-box to prevent flnid-flow along the
threads, an eduction conduit inclosing suid
stuffing-box, an inlet to sid chamber, and
means to produce a whirl of fluid within the
chamber.

4. In » centrifugal fluid compressor, the

combination of a compression - chamber, a |

-
b

S

903,008

therein, snd means
uf the part of mid
runney, :

5 In a contrifugml fluid com

for varying tho width
chamber occupied by the

pressor, the

. combination of n_enmpression-chnmher hav.

ing o civensnmbiont antiot, & bladed rir.ner
for ereating a whirl of flnid within said

s elmmber, menns: for varying the width of

suid outlet,
of the part
runner, ‘

G. In a.centrifugal fluid compremor, the
combination of a compression-chamber hav-
ing inlet and outlet. means for creating a
whirl of flaid within said chamber, and
speel - contaalled  mienny  for varying the
width of said chamber. .

7. In a centrifugal fluid compressor, the
combination of u compression-chamber hav-
mr inlet and outlet. menun for creating &
whirl of fluid within said chamber, and
pressure - controlled miwnns. for varying the
width of said chamber,

8. In a centrifugal fluid compressor, the
combination of a compression-chamber hav.

sud muns for varying the width
of snidl chainber uecupied by the

{ing un inlet and a circumambient outlet,

means for crenting a whirl of fluid within
snid ehamber, and speed - controlled means
for varying the width of said outlet.

9 In » centrifugnl fluid compressor, the
combination of n compression-chamber hav-
ing an inlet and a circumambient outlet,
means for creating a whirl of fluid within
said chamber, and pressurc-controlled means
for varying the width of said outlet.

10, In a centrifugal flnjd compressor, the
combination of a compression-chamber hav-
ing an inlet. & cireunambient outlet, and o
side wall movable to vary the width of said

i chamber, means for varying the width of

anid outlet, nmd spescl-controll+d mechanism
for actunting snid movable wall and wid
ontlet-varying menns, ‘

1. In & centrifugal (luid compressor, the
combination of n compression-chamber hav-
ing an inlet, a circwmnmbient outlet, and
side wall movable to vary the width of said
chamber, weans for varying the width of
said outlet, and pressure-controlled mechan.
imin for sctuating said movable wall and
snid outlet-varying menns,

In testimony whereof T have affixed my
signature, in presence of two witnesses,

SIDNEY A RELVE,
Witnesscy:

.M, Pregsox,
A, C. Ratiaan,

{ bladed runner for creating a whirl of fluid o
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