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To all whom it may concern:

Be it known that I, Cuarces G. Cortis, a
citizen of the Ulnited States, residing 'at
New York city, in the county and State of
New York, have invented a certain new and
useful Improvement in Elastic-Fluid Com-
pressors, of which the following is a speuﬁ-

cation.

The object I have in view is to produce a
method and apparatus for compressing air
or cther elastic fluid with a less expenditure
of power and with a very much simpler and
less costly form of apparatus than have here-
tofére been required. I have found that,
when velocity 1s imparted to air or other
elastic fluid, the velocity may be converted
into pressure by passing the fluid through
a passage with gradually converging or
tapering walls: and that when such passage
is properly proportioned, it will convert
the velecity wholly or largely into pressure
without impeding the-flow of the flnid be-
vond that resulting from friction on the
walls of the passage. I have also found that
a rotating wheel having a series of unsym-
metrically curved buckets or vanes similar
to those ¢f some forms of turbine, is a highly
efficient means for 1mpart1ng velucltv to an
elastic fluid. the fluid being drawn in on one
side ¢f the wheel and discharged-on the other
side at a speed greater than that of the
buckets.

The apparatus employed by me for carry-
ing out myv invention is in fact, a reversed
elastic fluid turbine. having an expansion
nezzle and provided- with _nns_vmmetrically
curved buckets or vanes such as is described
in applicaticns for patent already filed by
me {Serial No. 574.031, filed meuarv 2,
1896 Patent No. 566,967, granted September
1. 1896 and Serial No. 575,679, filed January
16. 1896 Patent No. .)66,969 granted Sep-
tember 1, 1896.) :

The turbine is revelved by a suitable
power connection in the opposite direction
to that in which it rotates as a means for
developing mechanical power, the air or
other elastic fluid being drawn into the ex-
haust opening cf the turbine and being ex-
pelled through the expansion nozzle which

- now becomes a device for converting Veloclty

into. pressure, instead of one for eonverting
pressure into velocity. I prefar to em-

plov two or mcre such fluid compressors

~onnected in series or successton, and having

pregressively smaller fluid passages, to ac-
commodate the reduced volume of the fluid
as its pressure is increased, and between the
different compressors. I prefer to locate cool-
ers for reducing the temperature of the fluid
and lessening the _power required to produce
further compre%lon In this way the com-
pression 'is produced by stages in two or
mere cempressers, each comprising a wheel
with unsymmetrically curved buckets for
imparting velocity to the fluid, and dis-
chflrgmfr converging passages for convert-
ing that- velocity into pressure. Each of
these fluid compressors is contained ‘in a
separate fluid-tight shell so as to diminish
the leakage at the clearances. The wheels

of the several compressors are preferably
| lecated upon the same shaft, althou

fgh thev

mayv be located upon different ‘sha
further reduce the power required to effect
the compression, the shells and passages may
be water-jacketed. The rotating wheels may
have their curved buckets arranged so as to
carry the fluid from one side to the other

nf the wheel at its periphery, or these

buckets may be arranged so as to discharge
cutwardly or inwardly with reference to
the per 1pherv of the wheel. .Check valves

‘may be located between the different ele-
ments cf the compressor to pretvent any

backward flow of the fluid should the rota-
tien of the compressor cease.
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In the accompanying drawings, forming -

a part hereof, Figure 1 is a view partly in
elevation and partly in section, of my elastic
fluid compressor, composed of three ele-
ment=. Fig. 2 iz'a view of the same appara-
tus 1llustmt1n0‘ ‘the water-jacket upon the
shells and passages: and Fig. 8 is an end
elevation and partial section showi ing a sin-
gle compressor having its buckets arranged
to proluce an outward flow of the fluid.

- Referring particularly to Figs. 1 and 2;
A, B and C are rotating - wheels mounted
upon a shaft D, having a suitable power
cennection. These wheels are provided on
their periphery with complete. - circular
ranges of curved vanes a, which are held
between the periphery of the wheel and

2 ring or band b, which surreunds thém.

These buckets -or varie§ 1 make unsymmetrl
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cal in form, that is to say, their receiving
ends ¢, are placed at a lesser or sharper
angle than their discharging ends, d. The
wheels, A, B and C are located in separate
shells or casings, E,-¥F and G, which are
packed about the shaft so as to be fluid-
tight. Entering these shells are inlet pas-
sages, H, I, K, and opposite these inlet pas-
sages, are converging discharging passages,
I., M, N, set at the proper positions, the
vanes of the wkeels occupying the space

between these passages. The contracting

passage and the shape and speed of the
buckets and the angles of entrance and leav-
ing must. of course, be adapted in each case
to the work to be done: In other words, they
must be such as would, if the machine were
a turbine developing power; convert the
given pressure into velocity and then ex-
tract practically all the veleceity and de-
liver the fluid practically in a state of rest
at the discharge side of the buckets. Tf the
conditions are properly fulfilled in this way,
the operation of the buckets in compressing,
will be precisely the reverse of what takes

place in expanding —that is, the buckets

will take the air at the initial pressure in
a state of rest and impart to it a high ve-
locity, delivering it to the contracting or
compressing passage—the column of air on
the receiving side being drawn in by the
slight vacuum created there by the unsym-
metrical shape of the buckets. In this way,
the column of air is drawn into the batkets
at a very low velocity, and in traversing the
curved passages, its velacity is continually
augmented until finally it is delivered from
the other side of the buckets at a velocity
which may be actually greater than that
of the buckets themselves.

Tt is to be observed; that the column or
jet of air enters the buckets only at a seg-
mental portion where there is a free open-
ing or passage, the walls of the case or shell
in which the wheel revolves being set as
closely as practicable to the edges of the
buckets in order to prevent the drawing in
of air at the other points of the circumfer-

‘ence, and the loss by circulation, from one

side of the wheel to the other that would
result therefrom.

Coolers O and P are located at the inter-
mediate points between the elements of the
compressor, being connected by chedk valves
Q, S and pipes R, T respectively, between
the converging discharging passage L and
inlet T and between the converging dis-
charging passage M and inlet K. The con-
verging discharging passages L, M, N, dis-
charge as shown info conduits of materially
larger cross-section than the smaller ends
or throats. of such passages. These con-
duits which extend through the coolers O,
P, and pipes R, T, to the inlets B, C, and
through the pipe U, to the final receiving
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chamber, act as reservoirs, and the rate of
flow of the compressed air in them is little
or nothing compared with the velocity of
flow” through the converging discharging
passages. As the column of air approaches
the throats of the converging discharging
passages its pressure continually increases
and 1ts velocity diminishes; but at these
points it still has a very considerable ve-
locity which is converted into pressure in
entering the larger conduits in which the
pressure .is higher than in the throats of
the discharging passages. The pressure in
each case at the throat of the, converging
discharging passage will be approximately.
fifty-three per cent. of the total rise in pres-
sure in this stage of the operation, and the
cross-section of the throat must be of the
proper area to convey the given quantity
of air at the pressure and velocity existing
at this point. The pressure existing at any
point of the passage-way will be the equiva-
lent in energy of the #¢s viwa that has been
consumed in developing such pressure less
incidental losses by friction, etc. The elas-
tic fluid under compression is finally dis-
charged from the pipe U provided with
check valve V. ‘ '

The shaft I being rotated by power in
the direction shown by the arrows, air or
other elastic fluid is drawn in at the inlet
H by reason of the fact that the unsym-
metrical form of the curved buckets of the
wheel A causes those buckets to draw the
air inwardly at their ends ¢, which-have a
sharp angle, with a greater effect than at
their ends 4, which have a flat angle. . The
fluid is discharged from the ends d of the
buckets of the wheel A, with a wvelocity
greater than that of the wheel, and enters
the gradually tapering or converging pas-
sage L, which converts the velocity into
pressure. : :

The amount of convergence or ratio of
contraction that takes place in the discharg-
ing passage will depend upon the velocity
with which the Auid is delivered to that pas-
sage by the wheel, or in other words the
amount of velocity which it is desired to
convert into pressure—the conditions here
being exactly the reverse of those of an ex-
pansion apparatus or turbine as explained in
the applications filed by me hereinbefore re-
ferred to. In other words, this ratio of
contraction, or the ratio between .the larger
and smaller ends of ‘the converging dis-
charging passage will depend upon the re-
spective pressures before and after coinpres-
sion at each stage of the operation. In any
case, the convergence of the discharging pas-
sage will be such that its successive cross-sec-
tions will be diminished in area in the direc-
tion of the flow of the fluid to such a degree
that the vis viva or energy contained in the
fluid in the form of velocity will be con-
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verted into a substantial equivalent in the
form of pressure by compression of the fluid
in the converging passage.

The apparatus operates against the back
pressure contained in the receiving cham-
ber into which it discharges, and the pres-

sure in that chamber is greater than that !
which exists in the fluid at the vanes of any

one of the velocity-producing wheels.

From the passage L the fluid passes
through the check valve Q, the cooler O, and
pipe R. into the inlet I of the second wheel
B, where the operation is repeated, the dis-
charging passage being made as much
smaller than the similar part of the preced-
ing wheel as the volume of the fluid jet is
smaller by reason of its greater pressure.
The converging or gradnaTl_v tapering dis-
charging passage M converts the velocity
produced f
thence the fluid passes through the check
valve S. cooler P and pipe T into the inlet
opening K of the third wheel C. from
whence it is drawn through the buckets of
the third wheel. being given an additional
velocity which is converted into préssure
by the gradually converging discharging
passage N.

To further reduce the power required to
compress the elastic fluid, a water-jacket W
(Fig. 2) may be employed, through which
water-jacket a circulation of water may be
maintained.

In Fig. 3 a single compressor element is
shown, having its rotating buckets arranged
to produce an outward flow of the fluid, X
being the inlet opening, and Y the converg-
ing discharging passage. Tn this construc-
tion the ceuntrifugal force imparted to the
fluid by the rotation of the wheel is also
emploved in producing the discharge of the
fluid frem the buckets and in increasing its
velocity.,

What T claim is:—

1. In an elastic fluid compressor. the com-
binaticn of a velocity producing wheel, and
means for converting the velocity into pres-
<ure., such means comprising a passage
which receives the fluid from the wheel, ana
having tapered walls so as to produce a
gradually diminishing cross sectional avea,
the amount of taper being such that the ris
rira of the fluid will be converted into a
substantially equivalent pressure. and an en-
larged passage connected with the posterior
portion of the contracted passage. such en-
larged passage being enlarged into a pres-

sure chamber, in which the remaining
velocity will be substantially converted into
pressure.

2. Tn an elastic Auid compressor, the com-
bination of a velocity prodicing wheel and
means for converting the velocity into pres-
sure, such means comprising a passage which
receives the fluid from the wheel and hav-

ywv the wheel B into pressure. and |

ing tapered walls so as to produce a gradu-
ally diminishing cross-sectional area, the
amount of taper being such that the wvis
vira of the fluid will be converted into a sub-
stantially equivalent pressure.

3. In an elastic fluid compressor, the com-
bination of a velocity producing wheel hav-
ing unsvmmetrical buckets, and means for

. converting the velocity into pressure. such

means comprising a passage which receives
the fluid from the wheel, and having tapered
walls s0 as to produce a gradually diminish-
ing cross sectional area. the amount of taper
being such that the vis vive of the fluid will
be converted into a substantially equivalent
pressure, and an enlarged passage connected
with the posterior portion of the contracted
passage, such enlarged passage being en-
Jarged into a pressure chamber, in which the
remaining velocity will be substantially con-
verted into pressure.

4. In an elastic fluid compressor, the com-
binaticn of a velocity producing wheel hav-
ing unsymmetrical buckets and means for
cenverting the velocity into pressure, such
means comprising a passage which receives
the flnid from the wheel, and having tapered
walls so as to produce a gradually diminish-
ing cress-sectional area. the amount of taper
being such that the »is »ira of the fluid will
be converted into substantially equivalent
pressure.

5. The combination with a velocity-pro-
ducing wheel, discharging flnid at a for-
ward augle. of a pressure producing passage
having contracting walls receiving the fluid
from the wheel and set at a forward angle
correspending with the angle of discharge
of the fluid from the wheal, substantially ax
set forth.

6. Tn an elastic finid compressor, the com-
hination of a velocity producing wheel, the
wheel discharging at a forward angle, and
means for converting the velocity into pres-
sure. such means comprising a passage
which veceives the fluid from the wheel. the
passage being set at a forward angle corre-
sponding with the ancle of discharge of the
fluid from the wheel, and having tapered
walls so as to produce a gradnally diminish-
ing cross sectional area, the amount of taper
beiny such that the wis viva of the fluid will
be converted into a substantially equivalent
pressure, and an enlarged passage connect-
ed with the posterior portion of the con-
tracted passage, such enlarged passage be-
ing enlarged into a pressure chamber. in
which the remaining velocity will be sub-
stantinlly converted into pressure,

7. Tn an elastic fluid compressor, the com-
bination of a velocity producing wheel, the
wheel discharging at a forward angle, and
means for converting the velocity into pres-
sure, such means comprising a passage
which receives the fluid from the wheel, the
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passage being set at a forward angle corre-
sponding with the anele of discharge of the
iliid from the wheel, such passage being
eularged into a pressute chamber, in which
the veloeity will he substantially converted
into pressure,

8. In an elastic fluid compressor, the com-
bination of a velocity producing wheel hav-
mx unsymmetrical buckets, the wheel dis-
chargine at a forward anole, and means for
converting the velocity into pressure, such
means comprising a passage which receives
the fluid from the wheel. the passage being
set at a forward angle corresponding with
the angle of discharge of the fluid from the
wheel. and havine tapered walls so as to
produce a gradually diminishing cross sec-
tional avea. the amount of taper being such
that the wis rive of the Huid will be con-
verted into a snbstantially equivalent pres-
<ure. and an enlarged passage connected
with the posterior portion of the contracted
pa~sage. such enlarged passage being en-
Iavged into a pressure chamber, in which
the remaining velocity will be substantially
converted into pressure.

9. In an elastic fluid compressor, the com-
bination of a velocity producing wheel, hav-
ino unsymmetrical buckets, the wheel dis-

charying at a forward angle, and means for

converting the velocity into pressure, such
micans comprising a passage which receives
the fluid from the wheel, the passage beiny
set at a forward angle corresponding with
the anzle of discharge of the fluid from the
wheel, such passaze being enlarged into a
pressure chamber, in which the velocity will
be substautinlly converted into pressure,
10, T an elastic fluid compressor, the
combination of two or more velocity pro-
ducing wheels znd converging pressure pro-
ducing passages located in series or succes-
sion, the said passages heing of successively
diminished e¢ross-section to earry the fluid
at decreased volume and inereased densities.
1. In an elastic finid compressor, the
combination of two or more veloeity pro-
ducing -wheels, such wheels heing connected
together n series or <uccession. and means
hetween the wheels for converting the ve-
Jocity into pressure, such means comprising
passages which receive the fluid from the
wheels, the passages being of successively
diminished cross section to carry the fluid
at decveased volnme and increased dencities
each of such passages having tapered walls
=0 ax to produce a gradually diminishing
eross seetional avea, the amount of taper he-
g sneh that the »is vi~a of the flimd will
be converted into a substantially equivalent
pressure, and an enlarged passage connected
with the posterior portion of the contracted
passage, such enlarged passage beinz en-
larged into a pressure chamber, in which the

1,088,755

remaining velocity will be substantially con-
verted into pressure.

12, Tn an elastic fluid compressor, the
combination of two or more velocity pro-
dneing wheels, such wheels being connected
together in series or succession, and means
between the wheels for converting the ve-
locity into pressure snch means comprising
passages which receive the fluid from the
wheels. the passages being of successively
diminished cross section to carry the fluid
at decreased volume and increased densities,
cach of such passages being enlarged into a
pressure chamber in which the velocity will
I'e substantially converted into pressure.

(3. In an elastic fluid compressor, the
combination of two or more velocity pro-
dueing wheels and converging pressure pro-
ducing passages located in series or succes-
sienihe said passages being of successively
diminished cross-section to carry the fluid at
decreased volume and inereased . densities,
with one or more coolers connected between
the two or more elements of the compressor.

I Inoan elastic fluid compressor, the
combination of two or more velocity produe-
ing wheels, such wheels being connected to-
gether in series or succession, and means
between the wheels for converting the ve-
locity into pressure, such means comprising
passages which receive the fluid from the
wheels, the passages being of successively
diminished c¢ross section to carry the fluid at
decreased volume and increased densities.
ach of such passages having taperved walls
so as to preduce a gradually diminishing
cross sectional avea the amount of taper be-
ing such that the »is »iva of the fluid will be
converted iuto a substantially equivalent
pressure, and an enlarged passage connected.
with the posterior portion of the contracted
passage, such enlarged passage being en-
farged into a pressure chamber, in which the
remaining velocity will be substantially con-
verted into pressure, and with coolers he-

tween the two or more elements of the comn-
pressor.
15. In an elastic fluid compressor. the

combination of two or mare veloeity produe-
ing wheels. such wheels being connected to-
gether in series or suceession, and means he-
tween the wheels fer converting the velocity
into pressure, such means comprising pas-
sages  which receive the flnid frem  the
wheels. the passages being of successively
diminished cress section to earry the fluid at
decreased volume and increased densities.
ach of such passages being enlarged into a
pressure chamber in which the velocity will
be substantially converted into pressure, and
with ccolers between the two or more ele-
ments of the compressor.

16. Tn an elastic fluid compressor, the
cembinatien of two or more velocity produe-
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ing wheels, such wheels being connected to-
gether in series or succession, and means be-
tween the wheels for converting the velocity
into pressure, such means comprising pas-
sages which receive the fluid from the
wheels, the passages being of successively
diminished cross section to carry the fluid
at decreased volume and increased densities,
each of such passages having tapered walls
so as to produce a gradually diminishing
cross sectional area, the amount of taper be-
ing such that the »is riva of the fluid will
be converted into a substantially equivalent
pressure, and an enlarged passage connected
with the posterior portion of the contracted
passage. such enlarged passage leing en-
larged into a pressure chamber, in which the
remaining velocity will be substantially con-
verted into pressure, and check valves for
preventing backward flow of the fluid.

17. In an elastic fluid compressor, the
combination of two or more velocity produc-
ing wheels, such wheels being connected to-
gether in series or succession, and means be-
tween the wheels for converting the velocity
into pressure, suich means comprising pas-
sages which receive the fluid from the
wheels, the passages being of successively
diminished cross section to carry the fluid at
decreased volume and increased densities,
each of such passages being enlarged into a
pressure chamber. 1n which the velocity will
be substantially converted into pressure.and
check valves for preventing hackward flow
of the fluid.

18. The combination with two or more ve-
locity producing wheels and converging
pressure-producing passages, located in se-
ries or succession, with one or more coolers
connected hetween the two or more elements
of the compressor. and check valves for pre-
venting the backward flow of the fluid.

19. In an elastic fluid compressor. the
combination of two or more veloeity produe-
ing wheels, such wheels being connected to-
gether in series or succession, and means be-
tween the wheels for converting the velocity
into pressure, such means comprising pas-
sages which receive the fluid from the
wheels, the passages being of successively
diminished cross section to carry the fluid
at decreased volume and increased densities,
each of such passages having tapered walls
so as to produce a gradually diminishing
cross sectional area the amount of taper be-
ing such that the cis réiva of the flmd will
be converted into a substantially equivalent
pressure, and an enlarged passage connected
with the posterior portion of the contracted
passage. such enlarged passage being enlarged
into a pressure chamber, in which the ve-
maining velocity will be substantially con-
verted into pressure. and with coolers be-
tween the two or more elements of the com-

pressor, and check valves for preventing
backward flow of the fluid.

20. In an elastic fluid compressor, the
combination of two or more velocity produc-
ing wheels, such wheels being connected to-
gether in series or suecession, and means be-
tween the wheels for converting the velecity
into pressure, such means comprising pas-
sages which receive the fluid from the
wheels, the passages being of successivelv
diminished cross section to carry the fluid at
decreased volume and inereased densiiies.
each of such passages being enlarged into a
pressure chamber in which the velocity will
be substantially converted into pressure, and
with coolers between the two or more ele-
ments of the compressor, and check valves
for preventing backward flow of the fluid.

21. In an elastic fluid compressor, the
combination of two or more velecity produc-
ing wheels and two or more separate fluid-
tight shells, in which such wheels are lo-
cated, such wheels and shells being connect-
ed together in series or succession, with
converging passages receiving the discharge
from such wheels and converting velocity
into pressure, each said passage enlarging
upon a curved line, the enlargement being
such that the velocity will be substantially
converted into pressure, substantially as set
forth.

22. In an elastic fluid compressor, the
combination of two or more veloecity produc-
ing wheels, such wheels being connected to-
gether in series or succession, two or more
separate fluid tight shells in which said
wheels are located, and means between the
wheels for converting the velocity into pres-
sure, such means comprising passages which
receive the fluid from the wheels, the pas-
sages being of successively diminished cross
section to carry the fluid at decreased vol-
ume and increased densities, each of such
passages having tapered walls so as to pro-
duce a gradunally diminishing cross sectional
area, the amount of taper being such that
the »is viva of the flmd will be converted
into a substantially equivalent pressure, and
an enlarged passage connected with the pos-
terior portion of the contracted passage,
such enlarged passage being enlarged into
a pressure chamber, in which the remaining
velocity will be substantially converted into
pressure.

23. In an elastic fluid compressor. the
combination of two or more velocity produc-
ing wheels, such wheels being connected to-
gether in series or succession, two or more
separate flnid tight shells in which said
wheels are located. and means between the
wheels for converting the velocity into pres-
sure, such means comprising passages which
receive the fluid from the wheels, the pas-
sages being of successively diminished cross
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section to carry the fluid at decreased vol-
ume and increased densities, each of such

passages being enlarged into a pressure

chamber, in which the velocity will be sub-
stantially converted into pressure.

24. In an elastic fluid compressor, the
combination with two or more velocity pro-
ducing wheels located in separate fluid-
tight shells, and two or more converging
discharging passages converting velocity

into pressure, each said passage enlarging |

upon a curved line, the enlargement being
stuch that the velocity will be substantially
converted into pressure. of a water-jacket
surrounding the shells and passages, sub-
stantially as set forth.

25. In an elastic fluid compressor, the
combination of two or more velocity produc-
ing wheels, such wheels being connected to-
gether in series or succession, two or more
separate fluid tight shells in which said
wheels are located, and means between the
wheels for converting the velocity into pres-
sure, such means comprising passages which
receive the fluid from the wheels. the pas-
sages being of successively diminished cross
section to ecarry the fluid at decreased vol-
ume and increased densities, each of such
passages having tapered walls so as to pro-
duce a gradually diminishing cross sectional
area. the amount of taper being such that
the wis viva of the fluid will be converted
into a substantially equivalent pressure. and
an enlarged passage connected with the pos-
terior portion of the contracted passage,
such enlarged passage being enlarged into
a pressure chamber, in which the remaining
velocity will be substantiallv converted into
pressure, and a water jacket surrounding
the shells and passages.

26. In an elastic fluid compressor, the
combination of two or more velocity pro-
ducing wheels, such wheels being connected
together in series or succession, two or
more separate fluid tight shells in which
said wheels are loeated. and means between
the wheels for converting the veloeity into
pressnre. such means comprising passages
which receive the fluid from the wheels, the
passages being of successively diminished
eross section to carry the fluid at decreased
volume and increased densities, each of such
passages being enlarged into a pressure
chamber. in which the velocity will be sub-
stantially converted into pressure, and a wa-
ter jacket surrounding the shells and pas-
sages.

97. The combinatien with two or more
velocity producing wheels connected in suc-
cession, of means for converting velocity
into pressure following each wheel consist-
ing of a passage which receives the fluid
from the wheel, such passage being gradu-
allv enlarged into a pressure chamber in
which the pressure produced is maintained,
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and a passage connecting each pressure pro-
ducing means except after the last wheel
with the inlet of the next succeeding veloc-
ity producing wheel which conveys the fluid

. without material reduction in ifs pressure,

substantially as set forth.

28, An elastic fluid compressor, having a
velocity producing wheel which discharges
into a means for converting velocity into
pressure, the said means consisting of a re-
versed expansion nozzle,

29, An elastic lmd compressor having a
veleeity producing wheel which discharges
mto a means for converting veloeity into
pressure, the sald means consisting of a pas-
sage with converging and diverging walls,
the amount of convergence being such thdl

the pressure at the throat of the passage 1s

approximately 53 per cent (for awr) of the
total rise in pressive by the traverse of the
a1 threugh ihe passage, the cross-section
of the throat being of the proper area to
cenvey a given guantity of fluid at the
pressure and velocity existing at this point.

30. In an elastic fluid compressor, the

«bination with a rotary impeller with out-
wird flow, having curved radiating buckets
which produce veleeity by centrifugal action
as well as by the configuration of the
buckets. of a means for converting veloeity
into pressure into which said lll)[)t’“t‘l dis-
charges, the said means consisting of a re-
versed expansion nozzle.

31. In an elastic fluid compressor, the
combination with a rotary impelier with out-
ward flow. having unsymmietrical curved
buckets, the receiving ends of which are
placed at a sharper angle than their dis-
charge ends, which produce velocity by cen-
trifugal action as well as by the configura-
tion of the buckets, of a means for convert-
ing velecity into pressure. into which said
impeller discharges, the said means consist-
ing c¢f a reversed expansion nozzle.

32. In an elastic fluid compressor. the
combination with a rotary impeller with
cutward flow, having curved buckets which
discharge at a forward angle, thereby pro-
ducing velocity by (emnfu(ml action, of a
means for converting \olnmlv nto pressure.
into which said impeller discharges, the said
means consisting of a reversed expansion
nozzle.

33. In an elastic fluid compressor, the
combination with a votary impeller with
outward flow, having curved radiating
buckets which pr aduce velocity by centrifu-
gal action as well as by the conﬁfrumtlon
of the buckets, of a nozzle adapted to receive
fluid from the impeller which has inclined
walls, producing a change of area in the di-
rection of flow and has such position and
dimensions that it will gnide the fluid in its
passage from the 1mpeller in substantially
the direction of the movement imparted to
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it by the impeller, the rate of change of

“area being so proportioned to the movement

and elasticity of the fluid that a considerable
portion or all of the velocity of the fluid
will be converted into pressure during its
passage through the nozzle.

34, In an elastic fluid compressor, the
combination with a rotary impeller with
outward flow, and having unsymmetrical
curved buckets, the receiving ends of which
are placed at a sharper angle than their dis-
charge ends, which produce veloeity by cen-
trifugal action as well as by the configura-
tion of the buckets. of a nozzle adapted to
receive fluid from the impeller which has
inclined walls, producing a change of area in
the direction of flow and has such position
and dimensions that it will guide the fluid
in its passage from the impeller in substan-
tially the direction of the movement impart-

‘ed to it by the impeller, the rate of change

of area being so proportioned to the move-
nient and elasticity of the fluid that a con-
siderable portion or all of the velocity of
the fluid will be converted into pressure dur-
Ing its passage through the nozzle.

35. In an elastic fluid compressor, the
combination with a rotary impeller with
outward flow and baving curved buckets

“which discharge at a forward angle, thereby

producing velocity by centrifugal action, of
a nozzle adapted to receive fluid from the
impeller which has inclined walls, produec-
ing a change of area in the direction of flow
and has such position and dimensions that
it will guide the fluid in its passage from the
impeller in substantially the direction of the
movement imparted to it by the impeller,
the rate of change or area being so propor-
tioned to the movement and elasticity of
the fluid that a considerable portion of all of
the velocity of the fluid will be converted
into Ipressm'e during its passage through the
nozzle.

36. In an elastic fluid compressor, the
combination with a rotary impeller with
outward flow, of a means for converting ve-
locity into pressure, into which said impel-
ler discharges, the said means consisting of
a reversed expansion nozzle.

37. In an elastic fluid compressor, the
combination with a rotary impeller with
outward flow, of a nozzle adapted to receive
fluid from the impeller which has inclined
walls, producing a change of area in the di-

7

rection of flow and has such position and
dimensions that it will guide the fluid in its
passage from the impeller in substantially
the direction of the movement imparted to 1t
by the impeller, the rate of change of area
being so proportioned to the movement and
elasticity of the fluid that a considerable
portion or all of the velocity of the fluid
will be converted into pressure during its
passage through the nozzle.

88. In an elastic fluid compressor, the
combination with a velocity producing
wheel, of a nozzle adapted to receive fluid
from the wheel which has inclined walls,
producing a change of area in the direction
of flow and has such position and dimen-
sions that it will guide the fluid in its pas-
sage from the wheel in substantially the di-
rection of the movement imparted to it by
the wheel, the rate of change of area being
so proportioned to the movement and elas-
ticity of the fluid that a considerable por-
tion or all of the velocity of the fluid will be
converted into pressure during its passage
through the nozzle,

39. In an elastic fluid compressor, the
combination with means for producing ve-
locity, of a means for converting velocity
into pressure into which said velocity pro-
ducing means discharges, the said velocity
converting means consisting of a reversed
expansion nozzie.

40. In an elastic fluid compressor, the
combination with means for producing ve-
locity. of a nozzle adapted to receive fluid
from the velocity producing means, which
has inclined walls, producing a change of
area in the direction of flow and has such

position and dimensions that it will guide
the fluid in its passage from the velocity

producing means in substantially the direc-
tion of the movement imparted to it by the
said means, the rate of change of area be-
ing so proportioned to the movement and
elasticity of the fluid that a considerable
portion or all of the velocity of the fluid
will be converted into pressure during its
passage through the nozzle,

This specification signed and witnessed
this 30th day of July 1896.

CHARLES G. CURTIS.

Witnesses:
Euvcene CoNrAN,
Jxo. R. TayLor.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents.
Washington, D. 0.”
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