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To all whom it may concern:

Be it known that I, AppisoNn . WATER-
HOUSE, a citizen of the United States, residing
in Rockland county, New York, have invented

¢ certainnew anduseful ImprovementsinSteam
~and Vacuum Pumps, of which the following 1s
spec1ﬁcat10n

My invention relates to the class “of pump-
ing apparatus in which liquid is caused to en-

to ter a receptacle by reason of the condensation

of steam therein and 1s expelled from the re-

ceptacle by the pressure of steam upon the
liquid. In such pumps when the steam 1s ad-
mitted to the surface of the relatively cold
15 liquid in the receptacle undue condensation
follows. To avoid this, a proper proportion
or complement of alr must be admitted with
the liquid each time the receptacle is refilled
in order to form an insulating stratum be-
20 tween the steam and liquid, and the volume
of such air must be limited to insure a re-
quired vacuum for drawing in a proper pro-
portion of liquid. This air must be suddenly
discharged upon the liquid reaching approxi-
2¢ mately the low level in the receptacle inde-
pendent of the discharge for the liquid, so
that the pressure in the recepmcle will be re-
duced b,} the discharge of the air and the
steam be brought into direct contact with the
30 liquid remaining in the receptacle, whereby
a rapid condensamon is started and a partial
vacuum is produced.
The objectof my inventionisto obtain these
results and to overcome objections that are
3z well known in this class of pumps, and to
these ends I have illustrated apparatus by
which said objects may be carried out, as more
fully hereinafter set forth.
Reference is to be had to the accompanying
4o drawings, forming part hereof, wherein—
Figure 1 is a side elevation, partly broken,
of a pumping
vention. Ilg. 2isanenlarged detail sectional
view of part “of the apparatus, and Fig. 3 1s
45 a detail section of check-valve 2.
Similar nuamerals of reference indicate cor-
responding parts in the several views.
In the drawings the numerals 1 1* indicate

for admitting steam thereto.

is for the purpose of al

apparatus embodying my in-

| diaphragm 16 above the opening 15°

liquid receptacles or tanks provided with lig-
nid induction and eduction means and means
In the exam-
ple illustrated pipes 2 2* lead into the lower
part of the receptacles and communicate with
a pipe 3, to be connected with any suitable
liquid-supply. I haveshown a casing 4, hav-
ing a chamber 4 to which pipe 3 leads, and
chambers 4° 4°, that communicate with cham-
ber 4* through passages 4°, controlled by
suitable valves 5, the pipes 2 2% leading to the
chambers 4° 4°. The chambers 4° 4° commu-
nicate with a chamber 6 through passages
6™ 6°, controlled by valves 7, the outlet-pipe
8 being connected with chamber 6. The fore-
colngarrangements permit liquid to passsepa-
rately into and from receptacles 1 1*; but any
suitable arrangements for this purpose may be
prowded

At 9 is indicated a steam-supply pipe, tha,t
is connected by branches 9* 9° with the upper
portion of the receptacles 1 1* and controlled
by valves 10. In the example shown I pro-
vide a cylinder or chamber 11, containing a
piston 12, having stems 13 projectin o 1IN OPPOo-
site directions and connected with the valves
10, whereby when the piston 1218 moved back
and forth the valves 10 will alternately open
and close. The valves 10 I have shown are

so arranged that when closed the steam will
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press the valve to its seat and when open will ~

This
owling the valves to
remain 1n set positions; but other mechanism
for operating the valves may be provided 1f
preferred. Liquid for condensing the steam
in the receptacles is pretferably admitted to
the same near the upper portion thereof. To
this end I have shown a pipe 14 leading from
chamber 6 and connected with branches 14*

not be influenced by the passing steam.

14", that respectively communicate with re-

ceptacles 1 1*. In the arrangement shown
the pipe 14 leads into a chamber 15 at the
opening 15% provided with a flexible dia-
phragm 16, which can close the opening 15,
the movement of the diaphragm being regu-
lated by the screw 15°, limiting the lift of the
The
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branches 14" 14", with their check-valves, also
lead from the chamber 15. Said diaphragm

|
E

draw liguid through their respective pipes 14 |

or 14" faster than it can flow through open-
1ng 15%  This causes atmospheric pressure to

force the diaphragm 15 down and close the

opening 15" and keep it closed as long assuch
vacuum remains 1n either receptacle sufficient
to draw water from its source of supply: but
as soon as pressure forms in either receptacle
1 1* then the pressure of liquid in pipe 14 from
the discharge liquid raises the diaphragm from
the opening 15*and opens a free passage from

pipe 14 to pipes 14*and 14" to their respective -

receptacles.

The arrangements above deseribed illus-
trate a form of mechanism with which my
improvements may be used; but it will be un-
derstood that the invention may be carried
out 1n connection with other equivalent mech-
anism.

As before noted, myinvention contemplates
the utilization of a layer or stratum of air be-
tween the liquid and steam in the receptacle
and the discharge of such air from the re-
ceptacle at the required time. The means 1
have shown for this purpose are as tollows:
The receptacle is provided with an air open-
ing or passage located at or near the prede-
termined low level for the contained liquid,
and such opening I have shown in Fig. 2 in
the form of a perforated or screen-like pipe
18, extending into the receptacle and commu-
nicating with an air-discharge, (indicated at
19,) the passage from 18 to 19 being controlled
by a valve 20, arranged to normally close the
passage to prevent the escape of air from the
receptacle. In the arrangements shown the
pipe 18 communicates with achamber 21. con-
taining valve 20,apassage 22 leading therefrom
to the discharge-pipe 19, as through a cham-
ber 22* and in said passage 22 is a check-
valve 23, adapted to permit the free flow of air
and liguid from 22 to 19, but to prevent re-
turn flow and back pressure. The pipe 18 is
ow of airinto the
receptacle, and to this end is shown commu-
nicating withan air-inlet 24. (Shown provided
with a cock 25 to regulate the quantity of air
admitted to the receptacle and with a check-
valve 26 to prevent the escape of air through
24.) Thusundernormal conditions when pres-
sure from the receptacle is in pipe 18 valves
20 and 26 will be closed; but when a partial
vacuum 1s formed in the receptacle air can
flow past check-valve 26 into the receptacle
through pipe 18. By having outlet 18 in the

form of a perforated tube or screen any par-
ticles that may collect at the openings thereof
during expulsion of liquid or air from the re-
ceptacle will be cleaned out when air is drawn
into the receptacle through such openings, as
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the flowisin both directions through said open-

- 1ngs.
1s adapted to close opening 15* when a vacuum '
has formed in either receptacle sufficient to | charge from the receptacle of the insulating

Means are provided to cause the sudden dis-

alr between the liquid and the steam therein
at about the time the air reaches the outlet
18.  While any suitable means may be pro-
vided for accomplishing this result, I have

' shown devices operating by thermostatic ac-

tion due to the difference in temperature be-
tween the outflowing liquid and the steam or
heated air or surface liquid in the receptacle.
To this end 1 have shown a casing 27 pro-
vided with a flexible diaphragm 28, forming
a chamber 27" and an outlet 28*, communicat-
Ing with a tube 29, that passes into the re-
ceptacle and 1s closed at its inner end 29%
Within the chamber 27* and tube 29 is placed
material acdapted to expand or be converted
into vapor to create a pressure in chamber
27" for opening valve 20 at the desired time,
and said material should be such as will ex-
pand or form vapor at the temperature of the
steam or surface liquid 1n the receptacle.
When water 1s to be pumped, 1 find spirits or
aqua-ammonia suitable for the purpose, be-
cause it boils at a lower temperature than
water. The pipe 18 and tube 29 are located
approximately at the same level, and to this
end I have shown tube 29 passing through
pipe 18. At 20"1s indicated a plunger guided
in casing 27 and bearing against diaphragm
28 and also against the stem of valve 20,
spring 20" serving to hold valve 20 normally
closed and the plunger 20* against diaphragm
28.  With the arrangement above desceribed
when the liquid fills the receptacle the mate-
rial in chamber 27" and pipe 29 will be rela-
tively cool; but when such liquid has been
torced by the steam to such a level that the
heated surface liquid or air therein or the
stcam about reaches the tube 29 it expands
the material therein or converts part of it into
vapor and forms a pressure which bulges the
diaphragm 28 outwardly,and thus causes valve
20 to open, which allows the air in the recep-
tacle to suddenly pass from the surface of the
liquid through outlet 18, chamber 21, passage
22, and past check-valve 23 to the outlet 19.

The speed at which the air passes through

outlet 19 may be regulated by an adjusting
screw or cock 19%.  When the air is thus dis-
charged from between the liguid and the steam
1In the receptacle, the steam instantly is pre-
cipitated upon the liquid, and condensation of
the steam tales place to form a partial vacu-
um in the receptacle, and when the steam-
pressure in the receptacle thus hecomes re-
cduced ligquid for the condensation enters the
receptacle to further assist in condensing
steam therein. Other thermostatic arrange-
ments or other devices may be provided for
producing the same results of suddenly dis-

- charging the air from the surface of the liquid
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in the receptacle upon the liquid reaching a
predetermined level in the receptacle. _
By means of the arrangements set forth I

am enabled to utilize the pressure due to the

sudden discharge of the air through outlet 18
to operate the steam-valve 10, and to this end
I connect the cylinder or chamber 11 by a
pipe 30 with passage 22 on the side beyond
the check-valve 23, the pipe 30 also communi-
cating with the outlet 19. In the arrange-
ment shown the pipes 19 and 30 communicate
with chamber 22*
outlet through 19 may be restricted as respects
the area of the bore of pipe 30, so that when
the air from the receptacle is first discharged
through outlet 18 it wall pass through passage
99, unseating valve 23, and into chamber 22°,
tfrom whence part of i1t will pass under pres-
sure through pipe 30 into cylinder 11 and shift
the piston 12 to operate valves 10, the re-
mainder of the air passing through outlet 19.
The valve 23 prevents back pressure from
pipe 30 from entering the receptacle or un-
seating valve 20.

In the duplex form of apparatusshown each
receptacle 1s provided with the air-discharge

and controlling devices above set forth, and.

the pipes 30 from such devices respectively
lead to cylinder 11 on opposite sides of 1its
piston, the arrangement being such that when
the alr is discharged from one receptacle it
will cause the steam-valve of that receptacle
to close while opening the steam-valve of the
other receptacle, and vice versa, to alternately
control the flow of steam to the receptacles.
The operation of my invention as embodied
in the apparatus illustrated may be deseribed
as follows: Thereceptacles being charged with

then let Into one receptacle, as 1, by shitting
its valve 10, (and closing the steam-valve of
theotherreceptacle.) When thesteam mingles
with the alr therein, some of the steam comes
in contact with the liquid and is condensed,
leaving the alr an insulating stratum upon the
surface of the liquid, which air prevents fur-
ther appreciable condensation of the steam.
The steam then forces the liquid in the recep-
tacle down to about the level of tube 29 of the
thermostat, and when the steam or heated air
or surface water reaches said tube 1t forms a
pressure, as betore described, in chamber 27*
to act on plunger 20" and open valve 20, which
allows the air in the receptacle to suddenly
escape from between the liquid and steam
through the pipes and passages 18, 21, and 22
to the chamber 22% where 1t divides, part

~ passing up pipe 30 into one end of cylinder 11,
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where the alr-pressure shifts the piston 12,
which closes the valve 10 of receptacle 1 and
opens valve 10 of the other receptacle, and the
excess of such air passes through outlet 19,

screw 19" providing such a resistance to the

passage of the air through 19 as to cause the
required pressure in cylinder 11 for operating

By the means shown the

| | suddenly and
liquid and a limited volume of air, steam 1s

comprising a receptacle provided
for admitting liquid and 1ts comp

&5

the piston.

quick operation of valve 10. As soon as the
air is discharged from receptacle 1, as stated,
the steam comes in contact with the liquid re-
maining in the receptacie and 1s immediately
condensed so that its pressure falls, and by
this time the steam-pressure in the other re-
ceptacle causes condensing liquid to flow there-
from into receptacle 1 through pipes 14 14°
under a pressure above the now reduced pres-
sure in receptacle 1, and thus completes the
condensation of steam 1n the latter, whereby
a partial vacuum is formed therein and liguid
and its complement of air again drawn there-
in. The steam having been admitted to the

other receptacle, 1*, causes similar operations

to occur, and so on alternately. It will thus

be understood that the operations can be so

timed by adjusting the valves and passages
thatone receptacle will be charged with liquid

and 1ts complement of air before the other re-

ceptacle 1s discharged.

The operation of piston 12 is not dependent
upon steam which flows from the receptacle;

but the use of the air for operating piston 12
is highly advantageous over the use of steam,

for the reason that such steam would condense

1in the pipes and passages and notform a pres-

sure suflicient to properly work the valve 10
until all parts were heated, and this would
cause such a delay in the cycle of operations
as might cause the apparatuas to stall or be at-

'tended by other objectionable results interfer-
1ing with the desired working.

_ The arrange-
ments T have shown permit air to bedisch aro‘ed

under pressure from the receptacle freely and
at a constant level 1rrespective

of the pressure, speed, or frequency at which

the liquid in a receptacle 1s moved, such air
having the advantage of not condensing while
brought into contact with the pipes, passages,
&e., th ough which it passes a,nd upon which
1t hdS to operate.

Having now described my invention, what
I claim 1s—

1. An apparatus of the character described

comprising a receptacle provided with means.

for admitting liquid and 1ts complement of air

thereto to form a stratum of air on the surface

of the liquid, -means for permitting ligud to
be discharged from the receptacle, means for
admitting steam to the receptacle, means for
Suddenlv discharging alr from the surtace of
the liquid to the open air upon the liquid reach-
ing an approximately predetermined level
within the receptacle, and means for condens-
ing the steam 1n the receptacle, substantially
as described. |

9. An apparatus of the character described
with means
lement of air
thereto to form a stratum of air on the surface

of the liguid, means for permitting liquid to be
| discharged from the receptacle, means for ad-

This operation of piston 12 by
 the arrangement shown will permita full and

"o

75

30

0O

95

100

105

I10

115

120

125

130




n

10O

5

20

25

30

40

50

55

60

mitting steam to the receptacle, means for dis-
charo“mﬁ alr from the surface of the liquid to
the open air upon the liquid reaching an ap-
proximately predetermined level within the
receptacle, and means for causing the air dis-
charged from the receptacle to operate the
means Tor admitting steam to and shutting it
off from the receptacle, substantially as de-
scribed. |

3. An apparatus of the character described
comprising a receptacle provided with liquid
induction and eduction means, means for ad-
mitting steam thereto and for shutting steam
off therefrom, means for admitting air to the
surface of the liquid in said receptacle to pro-
vide an insulating stratum between the liquid
and steam, and means independent of the lig-
uic- eduetwn means for causing said air to be
suddenly discharged to the open air from the
surface of the 11qu1d upon the liquid reaching
an approximately predetermined level in the
receptacle, substantially as described.

4. An apparatus of the character described
comprising a receptacle provided with liquid
induction and eduction means, and means for
admitting steam thereto, means for admitting
alr to the surface of the liquid in said recep-
tacle to provide an insulating stratum between
the liquid and steam, a Valve to control the
discharge of said air from the receptacle, and
a thermostat arranged to operate said valve
when the heated surface liguid, air or steam
in the receptacle causes the actuating member
of the thermostat to operate, Subﬂtantm,ll vV as
described.

5. An apparatus of the character described

comprising a receptacle provided with liquid
induction and eduction means, and means for
admitting steam thereto, means for admitting
alr to the surface of the liquid in said recep-
tacle to provide an insulating stratum be-
tween the liquid and steam, a valve connected
with the air-inlet adapted to permit the ad-

mission of air to the receptacle and to pre-

vent its discharge past said valve, a valve nor-
mally closed to control the discharge of air
from said receptacle, and means to operate
sald valve when the liquid in the receptacle
about reaches a predetermined low level
therein, substantially as described.

6. An apparatus of the character described
comprising a receptacle provided with liquid
induction and eduction means, and means for

admitting steam thereto, means for admitting

alr to the surface of the liquid in said recep-
tacle to provide an insulating stratum between
the liquid and steam, a valve connected with
the air-inlet adapted to permit the admission
of air to the receptacle and to prevent its dis-
charge past said valve, a valve normally closed
to control the discharge of air from said re-
ceptacle, means to operate said valve when
the liquid in the receptacle reaches a prede-
terminec low level therein, and a valve to pre-
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vent the backflow of air past the second-

named valve, substantially as described.

7. An apparatus of the character described

comprising a receptacle provided with liquid
incuction and eduction means, and means for
admitting steam thereto, means for admitting
air to the surface of the liquid in said recep-
tacle to provide an Insulating stratum be-
tween the liquid and steam, a valve connect-
ed with the air-inlet adapted to permit the
admission of air to the receptacle and to pre-
vent 1ts discharpge past said valve, a valve nor-
mally closed to control the discharge of air
from said receptacle, means to operate said
valve when the liquid in the receptacle reaches
a predetermined low level therein, a valve to
prevent the backflow of air past the second-
named valve, and a pipe connected with the
air-cischarge and with the means for control-
ling the flow of steam to the receptacle, means
being provided to permit the escape of air
h’-om sald pipe after the steam has been shut
off from the receptacle, substantially as de-
scribed.

8. An apparatus of the character deserlbed
comprising two receptacles each being pro-

vided with induction and eduction valves and

passages for liquid and independent induction

and eduction valves and passages for air,means

for limiting the volume of air induced, means
for controlling the eduction of air so that its

“discharge will be free and sudden from each

receptacle at a period which will accord with
the liquid in each receptacle reaching a pre-
determined level, means arranged to operate
by the discharge ot the air for contlolhno the
flow of steam to each receptacle, and means
for condensing the steam in each receptacle,
substantially as described. |

9. An apparatus of the character described
comprising two receptacles provided with in-
dependent induction and eduction valves and
common 1ncuction and eduction passages,
means for alternately admitting steam to one
receptacle and shutting it off from the other,
means for. admitting a limited volume of air
to each receptacie to form an insulating stra-
tum upon the surtace of the liguid, a valve to
control the discharge of air from each recep-
tacle, a thermostat arranged to operate such
valve when the heated surface liquid or steam

in each receptacle reaches the level at which

the actuating members of the thermostat are
placed, means for employing the air discharged
from each receptacle for controlling the steam
for both receptacles, and means for admitting
concensing liquid to each receptacle after the
alr has been discharged therefrom, substan-
tially as described.

10. Anapparatusof the character deseribed
comprising two receptacles provided with lig-
uld induction and eduction valves and pas-
sages, means for admitting steam to each re-
ceptacle controlled by valves connected to-
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oether by means adapted for closing one as the
other is opened, means for admitting a limited
volume of air into each receptacle, means for

suddenly discharging air from each receptacle:
by thé same passage through which it was ad-

mitted by means due to the surface of the lig-
quid in each receptacle reaching the lower ex-
treme of its motion, means for employing the
discharged air for actuating the steam-valves,
and means for condensing the steam 1n each
receptacle by liquid admitted through means
due to the tall of pressure in each receptacle
caused by the discharge of air therefrom, sub-
stantially as described. ' o

11. Anapparatusofthe character described, .

comprising two receptacles, each provided
with liquid induction and eduction valvesand
passages, and separate air induction and educ-
tion valves and passages, means for regulat-
ing the volume of air admitted through the
induction-passages, normally closed valves for
controlling the passage of air through the air-
eduction passages, thermostats in each recep-
tacle located near their lower portions adapted

when reached by the heated surface water or

steam to operate to open the corresponding
valves and thereby discharge the air from the
surface ot the liquid, means for causing the
air discharged from each receptacle to close 1ts
corresponding steam-valve and admit steam to
the other receptacle, and means for admitting
condensing-water to each receptacle atter the
steam has been shut off therefrom, substan-
tially as described. . |

12. Anapparatusof the character described
comprising a receptacle provided with liquid
induction and eduction means, means for aci-
mitting steam thereto and shutting it off there-
from, an air-discharge pipe communicating
with the receptacle near the predetermined
low level for liquid therein, an air-inlet con-

nected with said pipe, a valve to permit the

admission of air through said inlet and pre-
vent its discharge therefrom, a passage con-
nected with said pipe for the discharge of air
therefrom, a normally closed valve to control
said passage, and means to open said valve
upon the liquid in the receptacle passing be-
low said air-discharge pipe to permit the es-
cape of air through the latter from the surtace
of the liquid, substantially as described.

13. Anapparatusof the character described
comprising-a receptacle provided with liquid
induction and eduction means, means for ad-
mitting steam theretoand shutting 1t off there-
from, an air-discharge pipe communicating
with the receptacle near the predetermined
low level for liquid therein, an air-inlet con-
nected with said pipe, a valve to permit the

 admission of air through said inlet and pre-

vent its discharge therefrom, a passage con-
nected with said pipe for the discharge of air
therefrom, a normally closed valve to control
said passage, means to open sald valve upon
the liquid in the receptacle passing below said

air-discharge pipe to permit the escape of air
through the latter from the surface of the
liquid, and a check-valve to prevent the re-
turn flow of air past said normally closed valve
and to permit the discharge of air from the
passage, substantially as described.

14. Anapparatusof the character described
comprising a receptacle provided with liquid

induetion and eduction means, means for ad-

mitting steam thereto and shutting it off there-
from, an air-discharge plpe communicating

with the receptacle near the predetérmined

low level for liquid therein, an air-inlet con-
nected with said pipe, a valve to permit the
admission of air through said inlet and pre-
vent its discharge therefrom, a passage con-
nected with said pipe for the discharge of air
therefrom, a normally closed valve to control
said passage, means to open sald valve upon

the liquid in the receptacle passing below sald

air-discharge pipe to permit the escape of air
through the latter from the surface of the
liquid, a check-valve to prevent the return
flow of air past said normally closed valve and
to permit the discharge of air from the pas-
sage, a pipe connecting said passage with the
means for letting on and shutting off the steam

on the side of the passage beyond said valve,

and means to permit the escape of air from
said pipe after it has operated the steam-con-
trolling means, substantially as described.
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15. Anapparatusof the character described

comprising a receptacle provided with liquid
induction and eduction means, means for ad-
mitting steam thereto and shutting it off there-
from, an air-discharge pipe communicating

‘with the receptacle near the predetermined

low level for liquid therein, an air-inlet con-
nected with said pipe, a valve to permit the
admission of air through said inlet and pre-
vent its discharge therefrom, a passage con-
nected with said pipe for the discharge ot air

therefrom, a normally closed valve to control

said passage, means to open said valve upon
the liquid in the receptacle passing below said
air-discharge pipe to permit the escape ot air

through the latter from the surface of the

liquid, a check-valve to prevent the return
flow of air past said normally closed valve and
to permit the discharge of air from the pas-
sage, a pipe connecting said passage with the
means for letting on and shutting off steam

| on the side of the passage beyond said valve,

means to permit the escape of air from sald
pipe after it has operated the steam-control-

ing means, and means for controlling the pas-

described. - .
16. Anapparatusof the character described

comprising a receptacle provided with liquid-

induction and eduction means, means for ad-
mitting steam thereto and shutting 1t off there-
from, an air - discharge pipe communicating
with the receptacle near the predetermined

 low level for liquid therein, a valve to control
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the discharge of air through said pipe, a tube
entering said receptacle near the air-discharge
pipe and containing material adapted to ex-
pand uponchanges of temperature, and means
for causing such expanded material to open

said valve to permit the sudden discharge of |

alr from said receptacle, substantially as de-
scribed.

17. Anapparatus of the character deseribed
comprising a receptacle provided with liquid
induction and eduction means, means for ad-
mitting steam thereto and shutting it off there-
trom, an air - discharge pipe communicating
with the receptacle near the predetermined
low level for liquid therein, a valve to con-
trol the discharge of air through said pipe, a
tube entering said receptacle near the air-dis-
charge pipe, a chamber connected with saic
tube and having a flexible diaphragm, and
means to be operated by the movement of saic
diaphragm to open said valve, said tube and
chamber containing material adapted to ex-
pand or to have its pressure increased upon
changes of temperature to thereby cause said
diaphragm to operate said valve to permit the
sudden discharge of air from the receptacle,
substantially as described.

f

18. Anapparatusof thecharacter described

comprising a receptacle provided with liquid
induction and eduction means, means for ad-
mitting steam theretoand shutting it off there-
from, an air - discharge pipe communicating
with the receptacle near the predetermined
low level for liquid therein, a valve to control
the discharge of air through said pipe, a tube
entering said receptacle near the air-discharge
pipe, a chamber connected with said tube and
having a flexible diaphragm, and a plunger
gulded to be operated by said diaphragm and
to operate said valve, said tube and chamber
containing material adapted to expand to cause
the diaphragm to operate said valve, substan-
tially as described.

19. Anapparatusof thecharacter described
comprising a receptacle provided with liguid
induction and eduction means, means for ad-
mitting steam thereto and shutting it off there-
trom, a pipe leading into said receptacle to
admit alr thereto and discharge air therefrom,
said pipe being perforated at its portion with-
In the receptacle to permit air to passin both
directions therethrough, and means for con-
trolling the discharge of air from said pipe,
substantially as described.

20. Anapparatus of the character described
comprising a receptacle provided with liquid
induction and eduction means, means for ad-

773,905

mitting steam thereto and shutting it off there-
from, a pipe leading into said receptacle to
acdmit air thereto and discharge air therefrom,
a valve to control the discharge of air from
sald pipe, a pipe entering said receptacle and
surrounded therein by the air-admission pipe,
material within the second-named pipe adapt-
ed to expand to create a pressure upon an in-
crease of temperature, and means for causing
sald material to operate said valve upon such
increase of temperature, substantially as de-
scribed.

21. The combination of a receptacle pro-
vided with liquid induction and eduction
means, means for controlling the supply of
steam thereto, means for admitting liquid for
condensation thereto, means for admitting air
to the receptacle independent of the admission
of liquid thereto, a valve to control the dis-
charge of air from the surface of the liquid,
and a thermostat connected with the receptacle

and having a movable member to be operated

by the varying temperatures to which it is
subjected by the rise and fall of liquid in said
receptacle, the movable member of said ther-
mostat being connected with said valve to
open the latter upon the thermostat being sub-
jected to temperature above the temperature
of the main body ot the liquid in the recep-
tacle, substantially as described.

22. The combination of a receptacle pro-
vided with liquid induction and eduction
means, means for controlling the supply of
steam thereto, means for admitting liquid for
condensation thereto, means for admitting air
to the receptacle independent of the admission
of liquid thereto, a valve to control the dis-
charge of air from the surface of the liquid,
and a thermostat connected with the recepta-
cle and having a movable member to be op-
erated by the varyving temperatures to which
1t 1s subjected by the rise and fall of liquid in
sald receptacle, the movable member of said
thermostat being connected with said valve to
open the latter upon the thermostat heing sub-
jected to temperature above the temperature

of the main body of the liguid in the recep-

tacle, and means for causing the air discharged
by said valve from said receptacle to operate
the steam-controlling means to shut off the
steam from the receptacle, substantially as
described.

ADDISON (. WATERHOUSE.

Witnesses:
T. E. BourneE,
M. HOLLINGSHEAD.
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