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Appiication filed Mareh 12, 1827. Serial No. 930,594, (No model.)

To all whom it may concerm: | Fig. 13 shows this last operation completed by
Be 1t known that 1, FRANK J. WILLS, a citi- | a reversal of the pump, the ehange of stop-
zen of the United States, residing at Winches- | cocks referred to above being indicated inthis 55
ter, In the county of Middlesex and State of figure.
5 Massachusetts, have invented a new and use- Similar letters refer to like parts in all the
ful {hr-]?nmp, of which the following is a | drawings.
specification. The machine is supported by a substantial
Myinvention relates to improvementsin air- frame-work, from which rise the two side sup-
pumpsin which the flow of abody of mercuryis | ports, S S, on which rests the axle T, which
10 themeansof exhaust-ingtheair; and theobjects | fits into and revolves in the boxes U U’. The
of my improvements are, first, the production | length of this axle may be varied to suit the
of an extremely high vacuum on a much larger | needs of any particular machine. This axle
scale than has hitherto been attempted by any | should be of metal and of sufficient diameter
known mercurial pump; second, to provide a | to provide a firm support for the pump. About
15 machinethatshall produce this vacuumeasily, | this axle is built a strong drum attached to
quickly, and cheaply, and, third, to provide a | the axle by radial supports. This drum
double-acting machine, which may be operated | should be about a yard in diameter to secure
by hand or any other power, I attain these | the best resalts. 1t should be strongly buil,
objects by the mechanism illustrated in the ac- | preferably of iron, in which case it may con-
20 companying drawings, in which— sist of a skeleton frame-work, properly braced
Figure 1 is an oblique perspective view of | and stiffened, and a cylindrical form is the
the whole machine. Fig. 2 is a section of the | best. Around the outside of this drum or
extremity of the axle online ad, Fig. 4. Fig. | frame-work is placed a pipe, A, Fig. 1, ar- 75
3 18 the ground-joint connection in sectional ranged in the form of a helix, said pipe to be
25 view G I, Fig. 1. TFig. 4 is a sectional view | preferably of glass; but it can be made of any
of one end of the axle, showing connecection | suitable material and in one length or more,
through the same by means of a bent tube. | in which latter case it is to be joined by air-
Fig. 5 shows one form of terminal cocks, &e., | tight joints, as at Fig. 9, s0 as to make one
in which the old style of three-way coeck is | continuous air-tight receptacle. It may be
3o utilized. Fig.6showsin perspective the form | made of equal diameter throughout, or ex-
of smaller pump constructed to be worked by | panded or contracted at various points, if
hand. TIig.7 shows the new form of three- | deemed necessary.
way cock which is incorporated in the new Two or more tubes, constructed as above, 8s
pump. Fig. 8 shows a sectional view of new | may be placed side by side or superimposed,
35 three-way cock on line through center of A, | if deemed advisable, and the whole tube may
Fig. 7. Fig. 9 shows the method employed | be of a total length less or more than one con-
tor joining thelarge pipe,whereby an air-tight | volution. |
jointis obtained. Fig.10showsone end of the If made of less than one convolution, the
pipe 1n thelonger form of pump,with themer- | pump may assume the form shown in IFig. 6, 1n
4a curyasit appearsat the beginning of the oper- | which a pipe of comparatively-large interior
atlon. Fig. 11 shows one end of the pipe in | diameter, A/, (two or three inches, preferabl V)
the form of pump having thelonger pipe,with | is bent into a curve and securely fastened to a
the mercury as it appears after the pump has | suitable frame-work, O. The ends of the pipe
made a quarter of one revolution, provided an | may be, and preferably should be, expanded
45 auxiliary pump is used in connection there- | into bulbs P’ I, for the purpose of obtaining
with. Iig. 12 shows the position of the mer- | greater efficiency. The arrangement of stop-
cury in the pump having ashorter and larger | cocks, connecting-tubes, &ec., is in this case
plpe,when the pump is turned completely to | substantially as herein shown and described, 100
~ one side after having exhausted to its full ca- | execept that the connection shown at V to the
5¢ pacity through the end P, and is ready aftera | outside air or auxiliary pump may be made,
change of stop-cocks to exhaust through the | as indicated, by a flexible tube, V, 1nstead of

end P’ and expel the air through the pipe P. | through the axle, as the motion of the pump
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in this case is less than one revolution upon
its axle.: | | - |
The pipe A’ may be made in one piece orin
several, and joined in the latter case by air-
tight joints, as at I, and shown in detail in
Fig. 9, as necessity or convenience may re-
quire. In this form of pump the pipe A’ will
of course approximate a curve in a plane

- rather than a helix. -
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In the large form of practical pump -which
I have found best a number of tubes of con-
venient length are united by air-tight joints
around the drum in such a manner as to form
one continuous passage of more than a hun-
dred feet. This length can of course be in-

creased or diminished at will. The ends of

the'tqbe thus made are drawn out, thereby
reducing the diameter to an orifice about one-
eighth of an inch in diameter, beyond which

18 a three-way cock, B B’, by which the pipe

can be in turn closed, connected with C C,
and also with D D', as shown in Figs. 7 and

3, and described elsewhere. Tube D D’ is wid-

ened into a chamber, as shown in the draw-
1ngs, and provided with a stop-cock, B I

The supporting frame-work is connected.

rigidly with the axle by means of wheels or
radial rods, and revolves with the same in
proper boxes, which are supported by a suit-
able frame-work, of iron or other material.
“Each end of the axle is hollowed for a short
distance to receive one arm of the bent tube
F I, as shown in Fig. 4, which tube termi-
nates'at a point a short distance beyond the
extremity of the axle in a ground-joint, H H,
as shown in Fig. 3. The other end of the bent
tube projects from the side of the axle through
a sultable orifice and terminates in a stop-cock

‘for isolating the pump from the outer connec-

tilon on either side. 7The hollow of the axle
above referred to as being made for the recep-

tion of the glass tube may be used as part of

the air-connections in place of the glass tube
by proper connections equivalent to those
shown in the drawings. T

The tubes leading from the pipe A at either
extremity and marked C C’are both connect-
ed, by small tubes and ground-joints or other

~devices,to the stop-cock at one end of the axle,

5O
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while those marked J J’ are connected with
the stop-cock at the other end of the axle.

Mercury 1s introduced into one convolution of

the pipe A until it about half fillsthe convo-

lution.

Attachments by belting, gearing, &c., may
be made to any convenient or suitable motor
or power, or the pump may be revolved by
hand, if desired. | |

The helix, revolving uponits horizontal axis,
must be of a diameter sufficient to permit the
mercury to rise to the height it would in case
of a vacuum nearly perfect existing on one

side and the full atmospheric pressure on the

other. In practice it is found best to allow a
few inches more than this, making the diam-
eter of the convolutions of the pipe A about
thirty-six inches. . |

386,516

The two forms of pumps are constructed
substantially the same,the stop-cocks and gen-

eral connecting parts being alike, and theflow 70

of merecury being by gravitation in both forms.
In one form the vacuum is produced by caus-

| ing the mercury to pass by the action of the

I

pump through a long pipe of comparatively

small diameter. Intheother form the vacuum 75 '

is produced in a shorter and larger pipe by a
partial revolution of the pump on 1ts axis.
Operation: Referring to Fig. 1, if this ma-
chine be used without the aid of an auxiliary
pump the operation is as follows: The ohjects 8c
to be exhausted having been connected with
M’ in any suitable manner the pump is re-
volved until the mercury reaches one end.
For convenience we will assume that the pump
is turned, bringing stop-cock end B down to 85
‘meet the mercury. Thisstop-cock B is tarned
so as to permit the air to flow out through B
D EJ H M and to allow the mercury to flow
into and fill chamber D. When this is done,
the cock K is closed and the pumps reversed. go
This has the effect of lifting end B away from

themercury; but the pressure of the air (which

at this time has freeaccess to the main body of
the pipe through stop-cock B and D" E' J' B

"H M) sustains the mercury untilthe motion of 95

the pump, carrying the end B upward,brings
it to a point where the upper level of the mer-
cary in this end 1s about thirty inches above

‘the level of the mercury on the other side.
(It must be remembered that only sufficient 100

mercury is introduced 1nto the pipe to half fill
one turn of the helical pipe, so that standing
normally at about the level of the axleon each
side, if the level rises on oneside it will fall on

the other, the length of the mercury in the Ib5 |

pipe being four or five feet only, while the
length of this helical pipe may be twenty or
thirty times as much.) The motion of the
pump being continued, the result is that the
pressure of the air on the other side,not being 110
sufficient to sustain it, the mercury on side
B flows from chamber D, through stop-cock
B, into the pipe below, producing a vacunum
between its surface and stop-cock E. At this

point the motion is arrested and stop cock 113

B turned to open communieation with the
objects to be. exbausted through C ¥ H' M/,
when the air therein, expanding, enfers the
space in pipe where the vacuum has just been
made, and the mercury then falls at this end 120
more or less, depending on the capacity of the
objects attached to M'. The motion of the
pump 1s now continued asbefore,and the mer-
cury is, as it were, screwed along the lower

part of the helical pipe, drawing the air from 125

the objects attached to-M’ and foreing the air

out before it throughB' D' E' J' F H M. Dur-

ing this operation the level of the mercury
will be constantly changing as theairbecomes
more and more attenuated onthe exhaust side, 130
and the mercury will rise higher and higher
until the other end of the pipeisreached, when

the level on the exhaust side will be within a
comparatively short distance from the top of-
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the pump and on the other side correspond- |

ingly near the bottom. When stop-cock end
B’ reaches this last level, the mercary which
it meets is allowed to flow through cock B/
up and into DY, until it fills the same, when
cock I is closed and the motion stopped.
Cock I3 is now closed to cut off the air which
has been drawn into the pipe from objects at-
tached. The pump'is now reversed and B’
allowed to rise. The mercury will flow out
of chamber D’ soon after the cock I has
reacihed the level of the axle, owing to the
slight sustaining power of the rarefied air on
the other side of the mercury.  After the mer-
cury has subsided well down into the pipe at
end H, the cock I is turned to allow com-
munication
through B’ C' I H' M/, and then the motion is
continued until the mercury is bronght back
to ifs original starting-place at end B. While
on its way back and while exhausting through
B, the air previously drawn through end Bis
condensed until it reaches the normal density,
which can be told by the mercary falling to
within five or six inches of the bottom of
the helix. Then cocks Band E are turned to
open communication through B D B JF H
M with the outer air, and the motion contin-
ued until the condensed air is driven ouf,
and the mercury meeting cock B at last en-
ters and fills chamber D. Then cock E is
closed as before, and cock B’ closed to cut
off the air withdrawn from lamps, &e. The
pump is now reversed, allowing the mercury
to drop from chamber D, cock B turned to
communicate with objects attached, and the
mercary sent back to stop-cock end B, as at
first. Thus thecontinued action of the pu mp,
serewing the ““ mercurial piston?’ forward and
backward from end to end, produces alter-
nately a vacuum in one end and compression
in the other, and vice versa, and by a proper
change of stop - cocks connection is opened
with the air and objects attached in turn, re-
sulting in a gradual but rapid reduction of the
density of the air in the lamps, &e., attached
Toward the end of the operation the
chambers D and D’ are sufficient to contain
the residuunm of condensed air and the cocks
Kiand E"are not opened. A little mercury is
also then allowed to remain in D and D’ as a
seal, through which the slight bubble of con-
densed air rises when the three-way cock is
turned to permit its escape. -

The main use of an auxiliary pumpis to ex-
haust the objects partially before the mercu-
rial pump is started and during its use to re-
duce the atmospheric pressure in the pump.
Extreme variations of level are prevented by
1ts use and the proper degree of exhaustion ar-
rived at sooner. The connection to the aux-
1liary pump is made through M.

the following description will apply to the
shorter pnump, the action of which is shown in
Figs. 12 and 13.

The bulb on one side being lowered to meet

the mercury,all the airand gasesonthatsideare |

with objects to be exhausted |

expelled through the stop-eock and passages,
as indicated. When the mercury completely
lIs this globe, the stop-cock is closed and ma-
chine turned so asto raisethis bulb. In doing
so a vacaum 18 formedin thisside. Thestop-
cock 18 turned, opening communication
through the proper passages to the lamps, &c.,
and the air within the same, expanding, fills
the bulb. DMeanwhilea similar operation has
been going on i1n the other bulb, only In re-
verse order. When the machine 1s creating a
vacuum in one side, it 18 expelling the air
from theother. Thusacontinual doubleaction

735.

30

1s produced, resulting in a high degree of ex-

haustion. |

Both pumps can be made single acting by
using only the communication to the lamps on
one side and to the air or auxiliary pump on
theother. This may be desirable inthe event
of a leak 1n a stop-cock at either end.

The great commercial advantage of this
pump may be seen when we counsider that the
alr and gas can be exhausted from about one
hundred and fifty lamps of the usual size for
domesticincandescent lighting (sixteen-candle
power) at one operation on & pumpsuch as 1s
described above, whereas the capacity of the
Geissler pumps as now used ranges from five
to fourteen.

I know that prior to my invention machines
for exhausting alr have been used, in which a
body of mercury has been made topass by its
own weight through a helical pipe as a piston.
I therefore do not claim such use of mercury
in a tube, broadly.

What I do claim, and desire to secure by
Letters Patent, 18—

1. In a vacuum-pump, the combination of
a curved pipe containing a body of mercury,
and smaller tubes provided with suitable stop-
cocks running from each end of the pipe to
and through the ends of the axle of the ma-
chine, substantially as shown and desecribed.

2. In a vacnum-pump, the combination of
a pipe having a piston of mercury curved
around a supporting-frame,tubes leading from
each end of the pipe provided with suitable
stop-cocks, and an axle made hollow at each
end to allow the flow of air, one end of the
axie being connected to a stationary pipe lead-
ing to the vessels to be exhausted, the other
end similarly connected leading to the outer
ailr or to auxiliary pumps, the whole system
of pipes, tubes, and hollow axle being con-
nected by air-tight joints, substantially as
herein shown and deseribed.

3. In a vacuum-pump, the combination of
an axle made hollow at each end, either with
or without an inclosed tube, a stationary tube
connected to one end of the axle and leading
to the globes or other articles to be exhausted,
(the connections to be all air-tight,) and the
system of pipes,stop-cocks, and tubes, whereby
the alr 18 exhausted by the action of mercury
flowing through a pipe, substantially as herein
shown and deseribed.

4. In a vaecnum-pump, the combination of
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the curved pipe A’, Fig. 6,-contaihing a body

of mercury, and the tunbes K K’ R R/, pro-
vided with snitable stop-cocks, ¢ 2" 2z 2/, with
a supporting-frame, O, made to vibrate upon

--------------------------------
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stop-cocks, x &’ z 2/,the supporting-frame and
the axle having a hollow end, the tube, pipes,
and axle forming a continuous air-tight pas-

sage from the mercury to and through one

an axle, T, so that the mercury in the tube | end of the axle to the stationary pipe leading

may by its own weight be made to pass by the
motion of the frame from one end of the tube

to the other and back again, substantlally as
described and shown.

5. In a vacuum-pump, the combination of

‘the curved pipe A/, Fig. 6, containing a body

of mercury, the pipes prowded with suitable

to the globes to be exhausted Subst&ntlally as
ShOWI] a.nd deseribed.

FRANK J. WILLS.

Witnesses: _
 CHAS. ALLEN TABER,
- WARREN B. HUTCHINSON.
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