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UNITED STATES

PaTEnT OFFICE.

OHARLES HENRY STEARN, OF NEWCASTLE-UPON-TYNE, ENGLAND.

MERCURIAL AIR-PUMP.

SPECIFICATION forming part of Letters Patent No. 265,641, dated October 10, 1882,

Application filed May 15, 1882.

To all whom it may concern:

Be it known that I, CHARLES HENRY
STEARN, a subject of the Queen of Great
Britaip, and residing at Osborae Road, in the
borough and county of Newcastle-upon-Tyne,
England, have invented certain Improvements
in Mercurial Air-Pumps, (for which I have ob-
tained a patent in Great Britain, No. 5,000,
dated November 15, 1881,) of which the follow-
ing is a specification. '

My said invention relates to improvements
inmercurial air-pumps, such as those known as
the “Sprengel” pump, the ¢ Geissler” pumps,
and the like pumps, which require the periodi-
cal return of mercury froin one level to an-
other, and has reference to the arrangement
of an automatic feed, by which the mercury
employed therein is periodically returned to
the higher level of its original source, where-
by a continnous action of the pump is ob-
tained in a most economical manner. By this
means the reservoir of large dimensions ordi-
narily employed is dispensed with, and only a
very small vessel sobstituted therefor, which
is intermittently replenished by an automatic
device, hereinafter described. Greater uni-
formity and celerity of action are also attained,
owing to the reduction of thelength of the ex-
hausting portion of the pumnp and the keeping
of the mercury in sealed exhausted vessels
during the. period of its circulation. In this
manner the mercurial portion of each pump
may berendered entirely independentofothers
when combined in a general system, there be-
ing one or more air-pumps in counection with
each mereurial pump or system of mercurial
pumps, while the complete seclusion of the in-
jurious mercarial vapors evolved prevents the
contamination of the atmosphere in the neigh-
borhood of the pump, wliich is so dangerous
to the operators. The antomatic supply or re-
turn of the mercury to its elevated reservoir
or receiver, as belore mentioned, is effected by
utilizing the pressure of a fluid, such as that
of the external atmosphere, by causing or al-
lowing it to intermittently act upon the fallen
mercury to return it to the said elevated res-
ervoir or receiver, as hereinafter described.

In order that my said invention may be fully
understood, I shall now proceed more particu-
larly to deseribe the same, and for that pur-

(No model.) Patented in England November 15, 1881, No. 5,000.

pose shall refer to the accompanying draw-
ings, and to the letters and figures marked
thereon.

Irigure 1 is a vertical section of a mercurial
air-pump to which my said invention is ap-
plied, the pump to which it is shown as being
appllul being of the Sprengel type; and Flh\.
2and 3are 1espeet1ve13 aside elevation, partly
in section, and a front elevation of asomewhat
modified form of pump, especially adapted to
control a connected system of pumps.

A, Fig. 1, is the compound mercurial fall-
tube, composedofanumberof branches—three,
as shown—which, in consequence of the com-
bination therewith of my improvements, may
be of less height than the barometrie column,
the said tube passiug through a closely-fitting
india-rubber or other air-tight stopper into the
outer tube B, which latter communicates with
the upper reu.lver. C, by the tube ¢, and is in
communication at its lower end with the lower
receiver, D, throngh the tubes b and d. The

upper receiver, C, communicates by means of

a cock, ¢/, and flexible or other suitable tube,
¢® with a mechanical or other air-pump aspi-
rator or exhausting apparatus, and as soon as
asufficientor apartial vacaum isobtained with-
in the apparatus the stop-cock ¢ is closed, so

as to sever the communication of the receiver

C with such exhausting device. Instead of the
stop-cock ¢/, a valve may be employed. The
lower receiver, I, which may be constructed
either of glass, iron, or other material not in-
juriously acted upon by the mercury, is of any
convenient shape and construction. As illus-
trated it is formed as a spherical chamber of
two separate united hemispheres, supported
by a spring, ¢, adjustably attached to one arm
of the lever tarning on the center ¢*, supported
by a standard or stand‘u‘ds as bhOWI] the said
receiver having an india- rubber or other flexi-
ble diaphragm, E, extending between and sub-
dividing the recei\'er into two compartments,
a .

T isa valve or stopper, of conical or of other
convenient form, ground to fit air-tightly the
seating in the opening f, provided at the side
of thesdid receiverinany convenientposition—
for instanee, in the position shown in thedraw-
ings. This valve I' is maintained closed so
long as the lower receiver, D, is empty or suf-
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ficiently light to permit its ‘being held in its
raised position by the spring e; but when a
certain amount of the fallen mercury has ac-
cumulated in the said receiver, then it (the re-
ceiver): descends slightly, turning  upon the
rocking joint G, so as to open the valve I and
establish communication with the external at-
mosphere.,” The degree of tensile elasticity of

" . the spring . e may: be adjustéd as varied by
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means of the serew-nut e/, so'as to counterbal-
ance any desired variable degree of weight in
the receiver D). It will be understood that ac-
cording to my arrangement the valve I’ and
its support ¢® are free-to turn on the center c,
(which center may be carried by the framing of
the-pump,) and derive their motion: from the
movement of thereceiver D, which the seating
of the valve formed in the aperture in the re-
ceiver D causes to rise or fall bodily to or
from the valve; so as to automatically open or
close the passage into the receiver, as required.

The rocking joint G-may be of any descrip-

'+ tion that will constitute a center forthe receiver
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D to slightly fall and rise upon without in-

terfering with its permanent communication.

with the main portion of the apparatus.

The passage and tobe H, controlled: by a
coek, i, and arranged at the bottom of the low-
er receiver, is for establishing communication
with another mechanicalairpump orexhauster
of any convenient kind, while the cock I on
the tube.d is for cutting off the connection be-
tween the wain part of the apparatus and the
said lower receiver, if desired.

The lotver receiver, D, is in communication
with the upper receiveror reservoir, G, through
the curved tube K and the narrow vertical tube
J, which passes up the center of the outer tube
L, on or to the top of which the said receiver
O is formed or attached. The lower end of
this outer tube L communicates with the up-
per part of the interior of the compound fall-
tube A by means of the tube/, through which
the mercury is fed to the pump, an air trap or
traps of the usual construction being provided
in any convenient position—for example, as
indicated at l'. '

a is the ordinary exhaust-tube, connected at
the top of the fall-tube A, attached at its op-
posite extremity to the ehamber globe or the
like «/, which it is required to exhaust.

The valve 0’ at the end of the tube b opens
toward the receiver D, so as to allow the fallen
mercury to flow at the proper time into the
said receiver, but not return therefrom. The
valveof k, provided at the top of the ciirved tube
K, opens away from the receiver D, so as to
allow the mercury thus collected to ascend the
tube J, communicating with the upper re-
ceiver O, but prevent the return of the said
mercury. Assuming that a sufficient quantity
of mercury has been intreduced into the lower
receiver, D, the said receiver is thereby caused
to overcome the tension of the spring e, and
slightly descends, turning about the joint G
and turning the support ¢ about the center ¢,

265,641

so as to open the valve Ir.. The air-pump, in
connection with the pipe ¢, whichis kept con-
tinually acting by anengine, then partially ex-
hausts the air from the upper receiver or res:
ervoir, C, the tubular casing B, the receptacle
o' to be exhansted, and ‘their intermediate
connections. The external atmospheric press-
ure enters the:lower receiver: by the valve 17,
and by impinging upon the elastic diaphragm
I and causing it to distend in the direetion

indicated Ly the dotted line B/ forces the mer-

cary through the pipes d and K (stop-cock [
being opened) up the small tube J into the
upper receiver, C, whence it:descends by the
tubular connection L, and then passes by the
tube [ to the compoundfall A, and acting
therein in the manner in whieh it acts in mer-
curial pumps of the ordinary-kind. As the
mercuryisthus automatically caused to ascend
to a higher level, so the lower receiver, D, ob-
viously. becomes gradually higher until it is
brought up by the spring e, and the valve iy
again closed against the entrance of the atmos.
pherie: air, in' the maunner already deseribed.
When the lower receiver, D, is: thus emptiel
of mercury and the valve I closed the pnmp
or aspirator, in. connection with the tube H, is
brought into operation, and the airisexhausted
from the :one side of the elastic diaphragm,
whieh is thereupon caused: to recede to the po-
sition indicated by the dotted line at: E?, and
the mereary then flows trom the bottom of the
tube B through the tube b, throngh the valve
b and tube d, back to the lower receiver, D.
Upon the return of the mereury the valve Fis
again opened: by the descent of the receiver,
owing to its ‘increased weight, as before de-
seribed, and thus this recurrent cycle of oper-
ations is continuously and automatically main-
tained as long as the pump or pumps are put
in connection with the upper and lower receiv-
ers, C and D, at the proper intervals.

It will be understood that the valve I shounld
be so constructed and proportioned that it will
be opened at the proper moment by the weight
of the lower movabie receiver, D—that is,
when it contains its maximum amount of mer-
cury—and the extreme height of the apparatus
or elevation of the upper receiver, C, be within
the limits of a barometric column, for the rea-
son that the pressure of the atmosphere which
is utilized to raise the mercury from the lower
to the upper receiver obviously would not sut-
fice to raise the mercury a greater distance
than the height of the barometric column.
The bottom of the tube B should be at a level
above that of the lower receiver, D.

Theintermittent actuation of the valve If for
the admission of atmospheric air upon the flexi-
ble diaphragm may be effected by the use of
an electro-inagnet, the circnit of which is com-
pleted upon the mercary reaching adetermined
level in the lower receiver, D, and thus attract-
ing the valve at its carvature; or other equiva-
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lent devices may be sabstituted for those here- -
inbefore described-—as, for example, a counter-
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weight may be used in lieu-of the spring e; or

the lever of a stop-cock may be actuated by
such or equivalent means for effecting substan-
tially the same end.

Fig. 2 of the accompanying drawings repre-

“sents in side elevation and Fig. 3 in front eleva-

tion a modification. of the hereinbefore - de-
scribed arrangement, wherein the valve for the
admission of the air to the receiver D is upon
a pipe opening into the said receiver, and is
operated by a rod separate from the spring e.
In this arrangement here shown a bag, E? is
substituted for the diapbragm E described in
the first arrangement; but a diaphragm may
be used in place of the bag, if preferred. The
modification may be employed with each mer-
cuarial pump; but it is especially adapted for
use with a system of pumps communieating by
pipes or passages with the air-inlet and the air-
exhaust pump, aspirator, or the like. TFrom
Fig. 2 it will be understood how it may be ap-
plied to any convenient number of such pumps
combined in a system. Where the onereceiver
D is used to actuate the valves for admitting
air to and exhausting air from a number of re-
ceivers I) of mercurial pumps combined in a
system, the column of the mercury in commu-
nication with the receiver I which actuates
the said valves may be an independent column
with an upper receiver, C?, in comwunication
with the air-exhaust pipe common to the upper
receivers of all the mercurial pumps;or the said
column of mereury may be that of one of the
pamps in the system.

I will now deseribe the mechanism for open-
ing the valves according to this modification.

The receiver I is hinged to the standards M
by the joint at m, so as to be capable of turn-
ing thereon without destroying the communi-
cation of its bag with the pipe L%, which pipe
is in communication with the said flexible bag
EP, contained in the said receiver D.  The pipe
to the air-pump is marked F?, and from it are
branches, as at p% leading into each of the re-
ceivers D of the system. ¢is the valvein clos-
ing and opening the passage of the said pipe,
the said valve being opened and closed by the
lever ¢’ turning on the center at ¢?, the other
end of the said lever being connected to the
rod ¢ sliding in the cross-piece R, and fur-
nished with an adjustable projection, ¢*. A
tube at fis in communication at one end with
the outer air and at the other with a pipe com-
municating with the interior of the receiver.
A valve, I* carried by a rod, /2, rests upon a
seating in thls pipe f, the mul rod sliding in
the cross-piece R and carrying an adj ust-able
projection, f°. - A rocker-lever, S, turns upon
a center pin, s, on the cross-piece R, the said
lever S carrying at each end a tappet, s’ s/, the
oneof which is in the path of the proJectlon q*
and the other of which is in the path of the
projection f3.

Connected to the receiver D is a rod, £, with

a slotted upper end engaging with a pin, #,on

one arm of the rocker-lever 3, which lever car-

ries a counter-weight at s>, 'When air, by the
action of the pump, is exhausted from the re-
ceiver D, the mercury descending into the bag
E? so weights the receiver D, as before de-
scribed with regard to the first-described ar-
rangement, that the said receiver déscends and
through therod ¢ pulls the rocker-lever Sover
until counter-weight s? passes the vertical line,
when it earries over the said lever S, and by
causing one of the tappcts ' to come into con-
tact with the under side of the projection f?
lifts the rod f? and raises the valve I from its
seat, when atmospherie air passes into there-
ceiver D and drives the mercury out from the
bag and up to its original source as deseribed,
with regard to the first arrangement, the
tappet s’ at the other end of the said rocker-
lever 8 at the same time, by coming into coun-
tact with the upper side of the projection ¢,
operating the lever ¢ to close the valve ¢ and
cut off communication with the air - pump.
When the receiver D ascends the rocker-lever
S is pushed by the rod ¢ over in the other di-
rection, and when thie counter-weight s? passes
the vertical line it brings over the 5‘1](1 roclker-
lever, so that the tappet ¢’ on the one end
cluses the-air-valve F, and at the same time
opens the valve ¢ of the air-pump, when airis
again drawn from the receiver D through tlm
pipe F?, as before described.

As before stated, this mechanism for open-
ing the air inlet and exhaust valves may be
applied to each individual mercurial pump; or
where a number of mercurial pumps are com-
bined in & system there may be ounly one re-
ceiver provided with the said mechanizm act-
nating the valves of main air inlet and exhaust
pipes which are common to all the mercarial
pumps in the system, each pump being pro-
vided with a stationary lower receiver, D, for
receiving the mercury and returning it to its
original e]evatmn, as hereinbefore descnbed
there being a branch pipe from the main air
inlet and exhaust pipe to each such receiver,
forcausing air to pass into thereceivers to press
up the mercury, and for enabling the air to be
withdrawn to allow the merenry to enter the
said receptacle or the chamber or bag con-
tained in the same. The lower receiver, D,
which actuates the mechanism for opening and
closing the valves, may have a separate column
of mercury; or 1tmavbeautuatedbs the column
of mercury of one of the pumps of the system.

In Fig. 2 1 have shown the lower receiver,
D,which actuates the valves, as being provlded
w1th an independent column of mercary in the
tube 12 having at top the upper receiver, C,
in communication by the branch pipe C* \Vlth
the main pipe C? leading to the air-pump or
aspirator, blllllldl‘ branch pipes, €4, leading
from all the upper receivers of the mexeurial
pumps of the system into the said pipe C° [
havealsoshown a lowerreceptacle, D, of one of
the pumpsofthe system, thesaid 10\ve1 recepta-
cle communicating Ly the branch pipe p® with
the main air inlet and exhaust pipe F? common
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tothelowerreceiversof all the mercurial pumps
of the system, each lower receiver communi-
ating by a similar branch pipe, g%, with the
said main pipe It%

I have not shown a complete pump in Figs.
2 and 3, as it is not necessary for the under-
standing of this description. It will readily be
understood that they will have a position in
relation to their receivers like that described
with reference to Fig. 1.

It iz desirable that, while the passage of the
merenry from the lower receiver to the upper
receiver of the pumps is slow, its return to the
lower receiver be as rapid as pOSi]blG. In or-
der to effect this there is placed between the
lower receiver and the pump proper a small
tube or annular piece, w, with a passage be-
tween its outer side and the inside of the tube
d, leading to the bag Ii% of lower receiver. A
small hole, 2, is made through this annalar
piece u. The mercury passing from the lower
receiver presses the said piece u forward to
bear against a seat at v, and consequently the
mercury can only pass slowly through the
small opening «? therein. 'When the mercury
retarns, however, the said annular piece u is
moved back, and the mercury can pass rapidly
through the space around the outer side of the
said annular piece.

The tube L?is provided with a cock or valve,
P, to regulate the rise and fall of the mereury,
to synchronize with the rise and fall of the
mercury in the pumps of the system. A simi-
lar cock may be used on ‘the corresponding
tubes of the mercurial pumps of the system.

The flexible diaphragm or bag in the recep-
tacle D may be dispensed with, and atmos-
pherie air be caused to act directly upon the
ntereury in the lower receiver, D, in which
case the orifice of the tube d opening into the
receiver should be so situate as to be always
sealed by the mercury.

Although I bave described the pressure up-
on the diaphragm or mercury iu the receiver
as being obtained from the ordinary pressare
of atmo&phuu air, yet it will be understood
that it may be obtained in an analogous man-
ner from other fluid or fluids.

I claim—

1. Ina mercurial air-pump, the combination
of the upper receiver, lower receiver connected
therewith, and means for automatically bring-
1ng into operation the pressure of a flaid—such

as air—to raise the mercury from the lower to
the upper receiver, substantially as described.

2. The combination, with the upper receiver,

of a lower receiver connected therewith, and
provided with a valve adapted to open auto-
matically when a suitable amount of mercury
has accumulated therem, substantially as de-
seribed.

3. In a mercurial air-pump, the combination
of a fall-tube of less height than the barometric
column, the upper receiver, and the lower re-
ceiver, provided with an automatic valve for
admlttmn air at the proper moment, substan-
tially as dvscrlbed

4. The combination, with the upper receiver
and connecting pipes and tubes of a mercuridl
air-pump, of a lower receiver, spring support-
ing said receiver, flexible diaphragm or simi-
lardevice dividing said receiverinto two cham-
bers, and an aatomatic valve operated by the
rise and fall of said receiver for admitting a
suitable fluid, such as atmospherie air, capa-
ble of exerting pressure upon said diaphragm
into said receiver, substantially as  described.

5. The lower receiver, connected with the
other parts of the mercurial air-pump in the
manner explained, supported on an elastic or
flexible joint, as explained, so as to rise or fall
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as it becomes lighter or heavier, and provided

with a valve which is antomatically closed and
opened by the rise and fall of the said receiver,
substantially as and for the purposes set forth.

6. The combination, with the upper receiver
and connecting-tubes, as specified, of the lower
receiver, sapported so as to be capable of fall-
ing and rising as it increases or diminishes in
weight, and means, substantially as described,
for putting said receiver, when it descends, in-
to communication with the outside air, and for
connecting it, when it rises, with the exhaust-
pipe, as and for the purposes specified.

7. The combination, with the upper and
lower receivers of a mercurial air-pamp and
the pipe or tube connecting them, ot a check-
piece in said pipe or tabe, constructed and ar-

ranged substantially as deseribed, to allow

the mercury to pass rapidly into the lower re-
ceiver, but to cause it to return slowly to the
upper receiver, as set forth.

In witness whereof I have signed my name
to this specification in the presence of two
subseribing witnesses.

C. H. STEARN.

Witnesses:
~RoBT. GREENE WATSUN,
Solicitor, Newcastle-upon-Tyne.
FrED. W, DDM)Y

Solicitor, Z\Tewcastle-quon- Tyne.
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