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~ EJECTOR.

To all whom it may concern:
Be it known that I, Maorice LEBLANC, a
citizen of the Republic of France, residing

at Villa Montmorency, Auteuil, Paris,

France, have made 4 new and useful Inven-
tion in Ejectors,; of which the following is a
specification. '

In a previous zipplication (filed February
10, 1904, Serial No. 192,908,) I have de-

scribed a system of cooling a-current of water -

consisting in the evaporation in a vacuum
created by a steam ejector of a certain por-
tion of the water delivered. The efficiency
of this system depends above everything
upon the qualities of the ejector, and I have
therefore considered it advisable to improve

this apparatus with a view to obtaining a

greater vacuum in the receiver which it ex-
hausts and by increasing its efficiency. In
the application above referred to I dealt
principally with domestic apparatus, and I

there proposed to use steam at atmospheric

pressure as a source of ener, In order to
provide for the flow of this steam, it was
necessary to supplement .its- deficiency in
pressure, and with that object I.caused it to
exhaust into a nozzle traversed by a cur-
rent of water delivered under pressure. In
industrial apparatus of this character steam
is supplied from high pressure boilers, in
which case it is unnecessary to provide for
the flow of steam by creating a preliminary
vacuum.. - : o
In the simple apparatus forming the sub-
ject-matter of the present application, the
vapor supplied to the ejector exhausts and

- delivers directly to the atmosphere not only
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the vapor and the air which it carries with
it but also the condensing water.

In the accompanying drawings Figures 1
to 4 are diagrammatic views showing various
known forms of ejectors; Fig. 5 1s a dia-
gram showing. the variations in pressure in
the ejector shown in Fig. 4; Fig. 6 is a dia-
grammatic view showing one form of the
improved ejector according to this inven-

tion; and, Fig., 7 is a diagrammatic view

showing a modification of the ejector shown
in Fi :

arranged in the following manner:—Into a
chamber 1 which communicates by a pipe 2

 with a receiver.3 in which the vacuum 1s to
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be created there projects a nozzle 4 traversed
either by steam from a boiler or a current of

‘Specification of Letters Patent,

6. - , o
Regerring to Fig. 1, an ejector is usually-

compressed air or gas or some liquid ‘under

pressure: The nozzle 4 exhausts into a con-
vergent nozzle 5 in which the exhausting

fluid is mixed with the fluid exhausted.: The -
nozzle 5 is extended by a delivery passage, -

. Patented May 4, 1915,
Application filed July 26, 1906. Serial Fo. 927,918. o
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generally formed as a divergent nozzle 6.--
The nozzle 6 exhausts into a space 7 under

- constant fluid pressure, which may be that

of ‘the atmosphere. In the mnozzle 4 -the
pressure energy of the exhausting fluid is
transformed and rendered available in the
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form of kinetic energy. This fluid as it .

flows carries with it the fluid contained in
the chamber 1; and which comes from the

. receiver 8. The axhausting and exhausted

fluids intermingle in the convergent nozzle 5
so ‘as to form a homogeneous fluid, eve

70

molecule of which has the same speed.

Finally, the kinetic energy of this mixture
is transformed- into the work of compres-
sion in the divergent nozzle 6. The ejector
nozzle 4 has a very high efficiency when pro-
portioned according to the laws of thermo-
dynamics in the case of compressible fluids,
and according to the rules laid down by
M. Rateau in the “Annules des Mines” pub-
lished January, 1902. -

The loss of energy which will take place
in the combining nozzle 5 during the process

of equalization of the rates of flow of the

exhausting and exhausted fluids is deter-
mined by mechanical laws. . It depends on
the weight of fluid exhausted by each unit

of exhausting fluid. It is hardly possible to

improve the efficiency of the nozzles 4 and 5.
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On the other hand, with the form which is -

generally given to the divergent nozzle 6, a
high efficiency is impossible when the fluid

mixture flowing through it is compressible -

unless the ratio of pressures at the inlet is at
least equal to 0.5 of the outlet pressure.
This efficiency diminishes very quickly when
this ratio decreases. But in every case in
point this ratio would always be very small.
Let us take for example a nozzle through

which steam flows from a boiler at a pres- -

sure P and which is exhaunsted into a re-
ceiver at a pressure p. It is known (see
Rateau, “Annales des Mines” of January,
1902) that as long as the pressure p is
gireater than 0.58 P, the nozzle should be
convergent (see Fig. 2). (In the case of
compressed - air 0.58 should be replaced by
0.52). If the pressure p is smaller than

~0.58 P the nozzle should be composed of two
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parts, the one convergent and the other
divergent. (See Fig: 8). S

The pressure-at the throat of the nozzle,
that is to say at the junction of the converg-
ing and diverging parts, is always equal to
0.58 P, whatever the pressure at the outlet

. “may be.
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If the nozzle be prolonged so ‘that the
steam when exhausted will have attained
a pressure precisely equal to the desired ex-
haust pressure, the kinetic energy which it
will possess at this moment will be very
nearly equal to the work which it would
have performed in a perfect machine with a
boiler pressure P and condenser pressure .
Let ‘us suppose that it is desired to use this

- kinetic energy to cause the return of the

20

steam issuing from the nozzle from a cham-
ber at a pressure p to a chamber at a higher
pressure. If the nozzles 4, 5 and 6 have

" each an efficiency of 1, the steam could be

25

returned to the boiler at the pressure P. At

some point in the nozzle 6 the steam attains

an intermediate pressure p’, a velocity and
density equaling that of the steam at a par-
ticular point in the nozzle 4. Consequently
the nozzle 6 should provide for the passage

* of the steam at a pressure p’, the same cross-
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sectional area as thenozzle 4; in other words,

the nozzle 6 should have the same propor--

tion as the nozzle 4. It should therefore be
a divergent cone whenever p is greater than
or at least equal to 0.58 P, and should be a
convergent cone followed by a divergent
cone whenever p is less than 0.58 P, -

To simplify my reasoning I have supposed
that the efficiency of the nozzles 4 a,n(f 6 was

in each case equal to 1; my conclusions will

be but slightly modified if these efficiencies
are high. When the relation p is small dif-

fuser should be composed of a long con-.

vergent. cone followed by a small divergent
cone as shown in Fig. 4, the diameter of the
inlet.orifice of the distributer being large in
proportion to that of the throat. -

The pressure should vary throughout the
length of the nozzles 4 of the ejector, and 5
and 6 of the diffuser (Fig. 4) as shown by

_ the curve in Fig. 5. But experience has
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- shown that this is not the case. ~ Such a noz-
zle 5, 6 would in some manner cause an ob-

struction. The pressure would rise suddenly.

in the immediate neighborhood of the inlet

. and the remainder of the nozzle would be-
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' have like a Venturi cone, where the pres:
sure would pass at a minimum $o the point.

of the throat.. This obstruction would be

due to the fact that the pressure would rise
- in the wide parts of the nozzle instead of
. rising especially in the narrow parts, which

would necessitate & much greater increase of
the quantity of motion, snd consequently of

kinetic energy, for overcoming a like differ-

ence in pressure. I have avoided this by
preventing the pressure from rising more

1,187,787

rapidly than it should in the convergent
part of the nozzle. In order to do this I
have arranged the nozzle as shown in Fig.-6:
I form the convergent part by means of a
series of truncated cones.8, 9, 10, 11 and 12
arranged one after the other as shown, and
which may be considered as consecutive por-
tions of the convergent come of Fig. 4.

‘These various truncated cones are each sup-

ported by diaphragms 24 arranged perpen-
dicularly to the axis of the cones, thus form-
ing separate chambers 13, 14, 15, 16,.17 and
18. Kach of these diaphragms has a valve
as_shown at 19, 20, 21, 22 and 28; these
valves open in a direction opposite to the
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direction of motion of the fluid in the .

nozzle; they are loaded with adjustable
weights or springs which- may be regu-

lated in accordance with a certain law.

Under these  conditions the difference in
pressure which may. be developed by the

nozzle between two consecutive chambers is-

limited, and the limit depends only upen
the load on the valve which affords commu-
nication between these two chambers. The

difference in pressure betweern -the ends of .

each truncated cone 8—12 is controlled in
the same manner.  If we designate by » the
difference in pressure at the ends of one of
these truncated: cones, by a thecross-sec-
tional area at the inlet, by m the mass of
the fluid which flows through it during each
second, and by dv the diminution in speed

to which the fluid is subjected during its

passage, we shall have: m dv<a p, all the
other cross-sectional areas of this truncated
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cone. being smaller than the cross-sectional

area . -

The loads on the valves are arranged so
that the pressure increases along the whole
length of the improved nezzle in proportion

to the diminution toward the outlet in cross-

sectional area, following a law which ap-

proaches as nearly as possible to that which
. would give the best efficiency and which has

been sufficiently described above. L
In Fig. 6 the valves 19, 20, 21, 22 and 23

consist of hinged plates held by adjustable

weights 25 in a position in which they close

. an opening made in the walls or diaphragms

24 by which they are supported. This ar-
rangement of valves:is only shown by.way
of example, as any suitable' arrangement
may be employed.
shown -each of the chambers 14, 15, 16, 17
and 18 is connected by a valve to the pre-
ceding chamber; nothing would prevent all
the. chambers being placed in communica-
tion with the one where the pressure is to
be the lowest hy suitably regulating the load
on the valves. This method of arrangement
of the converging part of the nozzle is ap-
plicable whenever the mixture o6f fluids
which is to flow therethrough is compres-

sible such for example as when g liquid is

In . the arrangement
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utilized for gas or vapor of any kind, or
when a current of gas or vapor is utilized to
entrain gas vapor, or a combination of any

two or of all of these fluids. This arrange--

ment is even more applicable if all the
kinetic energy of the mixture entering the
diffuser is not to be nsed to compress it, and
it a part of this energy is to be reserved to
be utilized in doing some other useful work,
which would be the case, for example, if we
required a steam ejector to aspirate or com-
press another vapor, then to aspirste and
discharge to the atmosphere the liquid
which serves for condensing them. This

5 utilization of my invention will be the one

with which I may have to contend and
which is covered by the system of ejectors
shown in Fig. 7. This ejector has a nozzle
4 in which the cross-sectional area of the
throat may be varied at will by inserting
more or less a taper plug 26 by means of
suitable mechanism, for the purpose of fa-
cilitating the starting. The cross-sectional
area of the throat might be left eonstant by
utilizing an arrangement which would per-
mit of the advance or withdrawal of the
nozzle with respect to the inlet of the com-
bining and delivery nozzle. The convergent
part of this nozzle will comprise in general
an initial convergent truncated cone 27 with
a free outlet arranged so that the pressure
cannot increase in advance of the combining
cone. The cone 27 is followed by a series of
truncated cones such as 28, 29, 30 opening
into chambers 31, 32, 88 respectively, each
of which communicates with the anterior
chamber by the respective valves 36, 35, 34.

The chambers 81, 32, 33 are cylindrical
and the valves consist of simple circular
washers guided in their movements by cylin-
drical parts 37 which slide along stationary
cylinders 38 surrounding each of the cones
98, 29, 30. ' ,

Tt will be understood that the number in
the series of truncated cones 28, 29, 30 has
been made equal to 3 by way of example
only and that the number may be made as
large as desirable.

1t the fluid mixture which flows through
the delivery cone is not condensable or does
not require to be condensed, the convergent
cone will simply be extended by a divergent
cone.

Assuming that steam flows through the

nozzle 4 and that this steam carries with it
steam flowing through the pipe 2 into the
chamber 1, there will be a zone in which
the mixture of steam, passing through the
convergent cone will have a pressure equal
to the tension of the vapor of the condens-
ing water, which may be available. Assum-
ing that this took place at the outlet of the
cone 30, this outlet might be arranged at the
middle of another cone 39; the annular space
between these two cones communicating by

a pipe 40 with a source of condensing water.
The .condensation will take place either in
the cone 39 or in the following cones 41, 42.
A rise in pressure in the cones 39, 41, 42
can be restricted as before and by the same
means, that is to say by ithe use of valves
34, 43, 44, and atmospheric pressure will be
finally attained at the owtlet .of a-cone 45.
When condensing water under pressure is
being used the preceding arrangement can
only be started by adjusting the plug 26
the nozzle 4. If this were not the case and
if the condensation water had to be ex-
hausted, it would be necessary that at the
moment of starting the pressure of steam at
the-end of the cone 30 should be greater than
the atmospheric pressure to such an extent
that the discharge of steam might be capable
of creating sufficient vacuum in the pipe
40 to insure the rise of the water. For this
it would be necessary that the reservoir into
which the pipe 2 opens should be capable of
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resisting a pressure considerably greater

than atmospheric pressure, whereas in nor-
mal service, it should, on the contrary, be
capable of resisting a vacuum. As this may
have some disadvantages it will be prefer-
able to cause the cone 45 to project into the
delivery come of a small steam ejector 46,
exhausting into the atmosphere at 47 -and
supplied by steam under pressure through a-
pipe 48. This small ejector will serve sim-
ply to start the supply of water through
the pipe 40 and it would be stopped as soon
as the water flows out at 47.

The apparatus which I have described has
been more especially designed for the pur-
pose of producing, by means of a current of
steam, a sufficiently large vacuum to insure
not only the ebullition of water at 0° G, but
also the formation of ice or the ebullition
of water charged with salts which render it
incongealable at temperatures below 0° C.
But it is understoed that my improved noz-
zle is applicable to every jJet apparatus

“which is intended to pass a mixture of com-

pressible fluids, but one part of which may
be liquid from a reservoir at a certain pres-
sure into a reservoir at a higher pressure,
and that it can be employed to create a
vacuum in a receiver or &s a COMPIessor,
What I claim is: ‘ .
1. In an ejector, a fluid-supply nozzle, a
fiuid-controlling valve therefor, a receiving
chamber communicating therewith, a series
of axially alined, truncated cone-shaped
members arranged o form a converging
fluid passage, which communicates with said
receiving chamber and receives fluid there-

from, a chamber between adjacent members,
a liquid admission port communicating with
the outlet of the last member of said series
and a second series of convergent members
and intermediate communicating chambers

cobperating with said first series.
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2. In an ejector, a receiving chamber, a
convergent and divergent nozzle communi-
cating therewith, a convergent passage com-
prising a plurality of truncated cone-shaped
members communicating with and receiving
fluid from said receiving chamber, a cham-
ber between adjacent members, a valve be-
tween adjacent members and the first of said
chambers and said receiving chamber and a
divergent nozzle communicating with the
last of said chambers and receiving motive
fluid from said converging passage.

3. In an ejector, the combination of a re-
celving chamber, a convergent and divergent
fluid injector communicating therewith, a
divergent fluid passage comprising a plu-
rality of truncated cone-shaped members
communicating with said receiving chamber
and receiving fluid from said injector, a
chamber between adjacent members, valved
ports connecting adjacent members, a valved
port connecting the first of said chambers
with said receiving chamber and a divergent
nozzle communicating with the outlet of
said divergent passage.

4. In combination with a receiving cham-
ber, a fluid injector communicating there-
with, a fluid passage comprising a plurality
of axially-alined converging members com-
municating with said receiving chamber,

~ pressure .chambers between adjacent mem-
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bers, a valved opening between adjacent
chambers and a divergent nozzle communi-
cating with the last of said convergent mem-
bers.

5. In combination with a receiving cham-
ber, a fluid ejecting device communicating
therewith and comprising a plurality of
axially alined converging nozzle sections, a
separate chamber communicating with the
inlet end of each of said sections, and a
valved passage establishing communication
between the chambers of adjacent sections. .

6.In combination with a receiving cham-
ber, a convergent divergent nozzle communi-
cating therewith and comprising a plurality
of axially alined nozzle sections, a separate
pressure chamber communicating with the
inlet end of each section, and a valved pas-
sage establishing communication between
chambers of adjacent sections.

7. In combination with a receiving cham-
ber, a plurality of pressure chambers com-
municating therewith, a fluid nozzle and a
passage between each two adjacent chambers,

-and a valve responsive to fluid pressure in

one direction only, controlling the delivery
of fluid through each of said passages.

8. In an ejector, a series of chambers, a
fluid nozzle and a passage between each two
adjacent chambers of said series, and a sep-
arate valve responsive to fluid pressure for
controlling the delivery: of fluid through

~each of said passages.

9. In an ejector, a series of pressure cham-

1,187,767

bers, a fluid nozzle between each two adja-
cent chambers, and means for maintaining
predetermined relative pressures between -
the chambers of said series.

10. In an ejector, a receiving chamber, a
series of pressure chambers comrmunicating
therewith, a nozzle section, and a valved
port establishing communication between -
each two adjacent chambers of. said series.

11. In an ejector device adapted to be op-
erated by elastic fluid for producing a vacu-
um, a motive fluid admission nozzle, a con--
vergent ‘nozzle into which the admission
nozzle is adapted to discharge and means for
automatically governing the pressure of the
fluid in its passage through said .convergent
nozzle. ‘ '

12. In an ejector device adapted to be op-
erated by elastic fluid, an admission nozzle
for the motive fluid, a convergent nozzle
formed of a plurality of alined and sep-
arated sections and means for automatically
controlling the fluid pressure between any
two adjacent - sections of said convergent
nozzle. ,

13. In an ejector device adapted to be op-
erated by elastic fluid, a receiving chamber,
a motive fluid admission nozzle communi-
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-cating with said chamber, a convergent noz-

zle communicating with said chamber and
made up of a number of alined and sep-
arated nozzle sections and pressure operated
means whereby the fluid pressure at the out-
let of said sections is automatically con-
trolled. :

14. In an ejector device, a chamber for
connection with the device to be evacuated,
a convergent cone or nozzle communicating
with said chamber and made up of a plu-
rality of separated cone nozzle sections, a 105
motive fluid admission nozzle arranged so
as to discharge into the first of said sections
and means operable by the pressure at the
outlets of said sections for preventing the
pressure in said convergent nozzle from ex- 110
ceeding a predetermined pressure.

15. In an ejector device for compressible
fluids, 2 motive fluid admission nozzle, a
convergent nozzle the outlet of which is ar-
ranged to receive the motive fluid and the 115
fluid to be acted upon and which is made
up of separated alined sections and means
for automatically controlling the pressure
at the outlet of each of such sections,

16. In an ejector device for compressible 120
fluids, an admission nozzle for motive fluid,

a ‘mixing cone communicating with the
source of fluid to be ejected and with said
nozzle, and means for varying the effective
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length of said cone by discharging fluid 125

therefrom at different ‘points along its
length. _

17. In an ejector device for compressible
fluids, an admission nozzle for motive fluid,
2 mixing cone communicating with the 130
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source of compressible fluid to be ejected,
and alined with said nozzle, and means for
placing various points along the come in
communication with -the inlet end of the
cone, during the operation of starting the
device. . ‘

18. In combination in an ejector, an ad-
mission nozzle for motive fluid, a mixing
cone communicating therewith, and means
for discharging fluid from said cone along
its length during the operation of starting
said ejector. . :

19. In combination in an ejector, an ad-
mission nozzle for motive fluid, a mixing
cone communicating -therewith, and means
responsive to variations of fluid pressure
within said cone for discharging fiuid from
said cone at points along its length during
the operation of starting the ejector.

20. In combination in an ejector, an ad-
mission nozzle for motive fluid, a mixing
cone communicating therewith and provided
with apertures located at points along its

length, and means for controlling the flow’

through the successive apertures during the
operation of starting said ejector. :

21. In combination in an ejector, an ad-
mission nozzle for motive fluid, a mixing
cone provided with apertures located along
its length, and valves operated by the fluid
pressure within said cone for controlling
the flow of the fluid through said apertures
during the operation o starting said ejector.

99. In an ejector, an admission nozzle for
motive fluid, a mixing cone communicating
therewith and provided with a series of
apertures arranged lengthwise the walls of
the cone, and a corresponding series of nor-
mally closed non-return valves controlling
the flow of the fluid through said apertures
so that the pressure within said cone cannct
exceed the pressure exterior thereto an ap-
preciable amount.

23. In an ejector, an admission nozzle for.

motive fluid, means for entraining the fluid
to be exhausted, a receiving chamber, a mix-
ing cone located in said receiving chamber
and provided with a series of apertures ar-
ranged along the cune, and a corresponding

B

series of normally closed non-return valves
controlling the flow of the fluid through

‘said apertures so that the pressure in the

cone cannot exceed the pressure in the ‘re-
ceiver chamber by any appreciable amount.

924..In an ejector operated by elastic fluid,
an admission nozzle for operating -fiuid,
means for entraining the fluid to be ex-
hausted, a mixing cone communicating with
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said nozzle and comprising a series of trun- .

cated cones so arranged as to provide a
clearance space between the outlet of one
cone. and the inlet of the next succeeding
cone, and normally closed non-return valves
controlling the delivery of fluid through
said clearance spaces. to
25. In an ejector operated by elastic fluid,
an admission nozzle for operating fluid,
means for entraining the fluid to be exhaust-
ed, a receiver chamber, a mixing cone lo-
cated in said chamber and comprising a se-
ries of truncated comes so arranged as to
provide a.clearance space between the. out-
Tet of one cone and the inlet of the next suc-
ceeding cone, passages connecting said clear-
ance space Wwith the receiver chamber, and

" normally closed non-return valves control-
ling said passages so that the fluid can pass

through said clearance space and passages
into said receiver ‘chamber when the pres-
sure in said receiver chamber is appreciably
less than the pressure in said mixing cone.

26. In an ejector device for compressible
fluids, an admission nozzle for motive fluid,
a combined convergent divergent tube com-
municating with the source of fluid to be
ejected and having a discharge port imter-
mediate the inlet and the outlet ends there-
of, for discharging excess fluid traversing
the tube during the operation of starting the
ejector. -

In testimony whereof I have hereunto
subseribed my name this tenth day of July,
1906. ’ '

MAURICE LEBLANC.

Witnesses: ,
Arprrr Drras,
HerNANDO DE S0TO.
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Co_rrection in Letters P<atent No. 1,137,767.

It is hereby certified that in Letters Patent No. 1,137, ,7167, granted M‘ty 4,
1915, upon the application of Maurice Leblanc, of Parls France, for an improve-

ment in ““Ejectors,” an error appears in the printed specification requiring correc-
tion as follows: Page 2, line 40, for the letter * 77 read B and that the said Letters

Patent should be read with this correction tharein that the same may conform to the
record of the case in the Patent Office.
Signed and sealed this 6th day of July, A. D., 1915.
' [SEAL.] , R. F. WHITEHEAD,

- Acting Commissioner of Patents.




