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This invention relates to pumps for pumping 
gases and, more particularly, to pumps which 
require a low energy input and are particularly 
well adapted for maintaining a vacuum in an 
evacuated space. 

It has been proposed that refrigerators or the 
like should be insulated by evacuating the space 
between the inner and outer walls of the cabinets. 
One way of maintaining this vacuum is by use 
Of a vacuum pump to remove any air which 
might leak into the evacuated space. 

It is, therefore, an object of this invention to 
provide a pump which is suitable for maintain 
ing a vacuum in the walls of a refrigerator which 
is compact, inexpensive, and which operates in 
a simple trouble-free manner employing a mini 
mum number of moving parts and requiring a 
relatively low amount of input energy. 

Further objects and advantages of this inven 
tion will become apparent as the following de 
Scription proceeds, and the features of novelty 
which characterize this invention Will be pointed 
out with particularly in the claims annexed to 
and forming part of this specification. 

In carrying out the objects of this invention, 
a pump is provided which includes a housing 
having an electrical-conducting liquid arranged 
to act as a pumping element and a vaporizable 
liquid therein. A heating element is provided 
for vaporizing the vaporizable liquid to effect 
pumping movement of the electrical-conducting 
liquid. A control circuit is arranged for auto 
matically energizing and de-energizing the heat 
ing element when the electrical-conducting liquid 
occupies predetermined positions. 

For a better understanding of the invention, 
reference may be had to the accompanying draw 
ing in Which Fig. is a schematic diagram show 
ing the structure of the pump of this invention 
in section together with the energizing circuit for 
the heater element; and Fig. 2 is a view Corre 
sponding to that of Fig. 1 in which the heater 
element is energized. 

Referring more particularly to the drawing, 
in Fig. 1 an embodiment of the pump of this 
invention is shown and generally designated as 
, having a main housing 2 which may preferably 
be of a mechanically strong electrical insulating 
material, such as glass. Housing 2 is divided 
into an upper chamber 3 and a lower chamber 
4 by a partition 5. The two chambers are con 
nected by a long tube 6 which extends from a 
center opening at 7 in partition 5 into the lower 
chamber 4 to a point 8 which is near the bottom 
of the housing. The tube 6 extends downwardly 
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of the housing 2. 

2 
from the opening 7 for at least three-quarters 
of the distance from the partition 5 to the bottom 

The lower portion of lower 
chamber 4 is filled with an electrical-conducting 
liquid 9 of low vapor pressure, such as mercury, 
and the upper portion of the chamber is filled 
with an easily vaporizable liquid 9 having the 
required minimum vapor pressure for the ap 
plication involved. The liquid C is chosen as 
one whose vapor pressure at the temperature 
range involved is low enough to secure the re 
quired vacuum. In the application to refriger 
ators, I have found that amyl alcohol, for ex 
ample, has the desired characteristics. A Small 
amount of the vapor from the vaporization of 
this liquid is shown at . 
An electric immersion heater element 2 is 

immersed in the vaporizable liquid in the lower 
chamber 4. This heater element is provided 
for the purpose of vaporizing liquid 0 to force 
mercury 9 up through the tube 6 into the upper 
chamber 3. 
In the top or dome 2a of housing 2, there is 

an outlet valve 3 which is closed by gravity 
and an inlet valve 4 which is biased towards 
the closed position by a spring 5. When the 
pump is used to maintain a vacuum, inlet valve 
4 is connected to the evacuated space and outlet 

valve f3 to the atmosphere. 
The electrical circuit, by means of which 

heater element 2 is energized, includes input 
conductors 6, which are connected to a suitable 
source of electrical energy, relay contacts 17, 
the heater element f2, and relay coil 8. A 
lower pair of control electrodes 9, which extend 
into the lower chamber, are connected in parallel 
with relay contacts it, and an upper pair of 
control electrodes 20, which extend into the out 
let passage at valve 3, are connected in parallel 
with the relay coil 8. The outlet passage at 
valve 3 is hereinafter referred to as a portion 
of upper chamber 3. 
The operation of the pump is as follows. The 

mercury 9 in the lower portion of chamber 4, 
when at approximately the level shown in Fig. 1, 
provides an electrical connection between the 
electrodes 9. This electrical connection com 
pletes the power circuit from the power input 
lines 6 through heater 2 and relay coil 8, 
causing the relay to pick up and closing the relay 
contacts , as shown in Fig. 2. Since the relay 
coil 8 and the heater 2 are then energized 
through relay contacts , this circuit will re 
main energized after the level of mercury 9 re 
cedes as shown in Fig. 2 so that electrodes 9 
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are no longer interconnected. The heat from 
heating element 2 vaporizes vaporizable liquid 
0, causing an increase in the amount of vapor 

if and a decrease in the amount of liquid 9, 
creating a pressure in the upper portion of the 
lower chamber 4 and forcing the level of mercury 
9 downward to cause the mercury to rise in 
tube 6 into the upper chamber 3. This action 
is shown by Fig. 2 where the liquid has been 
Substantially completely vaporized so that cham 
ber 4 is almost completely filled with vapor if 
in the portion above the level of the lower end 
of tube 6. As shown in Fig. 2, where the liquid 
O is substantially completely vaporized and the 
mercury 9 fills the upper chamber 3 and the 
tube 6, there is still sufficient mercury remaining 
in the lower chamber to extend above the lower 
end of the tube 6. In other words, the mercury 
extends at all times above the lower end of the 
tube 6. As the mercury rises to fill upper cham 
ber 3 including the outlet chamber at valve 3, 
as shown in Fig. 2, the mercury electrically inter 
connects the electrodes 20 to interpose a low 
electrical impedance path in parallel with the 
relay coil 8, thus effectively de-energizing coil 
8 and causing the relay to drop open, discon 

necting contacts 7 and de-energizing the heater 
element. The heater element will not be re 
energized till contacts 9 are again intercon 
nected. 
The temperature inside chamber 4 then grad 

ually decreases, the vapor if gradually con 
densing until the mercury 9 has substantially 
completely returned to the lower chamber 4 to 
return the pump to the condition shown in Fig. 1. 
The contacts 9 are then again interconnected 
by the mercury and the cycle is repeated. 
As the mercury rises in the upper chamber, 

outlet valve 3 opens and inlet valve 4 closes 
as shown in Fig. 2 to allow gases which have : 
been contained in the upper chamber 3 to be 
displaced and ejected through the outlet valve 
f3. Walve f3 is preferably of a material which 
floats on mercury so that none will be trapped 
above the valve. The upper wall of the housing 
is preferably of a generally dome-like shape, as 
indicated at 2a, which may be conically shaped, 
as shown, or more nearly the shape of a spheri 
cal Section with outlet valve 3 near the apex 
of the dome. 
in the small chamber above valve f3 in order to 
assure that upper chamber 3 is completely filled 
and the gases are completely displaced before 
the heater element is de-energized. Contacts 25 
may be alternatively placed below valve 3 how- i. 
ever. As the mercury returns to the lower 
chamber on the cooling portion of the cycle, 
outlet valve 3 closes and inlet valve 4 opens 
to cause gases to enter upper chamber 3. Thus, 
the repeated movement of the liquid mercury 
into - and out of upper chamber 3 causes Opera 
tion of the pump to bring gases into the punp 
through the inlet valve and then eject, the gases 
from the pump through the outlet valve. 
When the pump is used to maintain a vacuum 

in an evacuated space, the energy input is auto 
matically limited to what is actually required 
as follows. On the cooling portion of the cycle, 
when gases are being drawn into upper chamber 
3 through the inlet valve 4, the factors causing 
pump operation are the weight of the mercury 
and the partial vacuum created by the con 
densing vapor f. If the vacuum in the evacu 
ated space, with which the pump is connected, 
has not been impaired by leakage of gases into 

Contacts 20 are preferably placed : 
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4 
that vacuum, the above Operating forces will be 
inadequate to return the mercury to the lower 
chamber 4 and contacts 9 will not be inter 
Connected and the heating element f2 will there 
fore not be re-energized until the vacuum is 
again impaired and pump operation is required. 
Thus, the energy input to the pump is auto 
matically limited to that which is actually 
needed to maintain the desired vacuum. 

It will be seen from the above description that 
the pump of this invention provides an improved, 
economical, simple, maintenance-free structure 
having a minimum number of moving parts and 
providing a Superior pump for maintaining a 
Vacuum in an evacuated Space With a minimum 
of energy input and consequent low operating 
COSt. 
While a certain specific embodiment has been 

shown and described, it will, of course, be under 
stood that various modifications may be made 
in this invention. Without departing from the 
invention. The appended claims are, therefore, 
intended to cover any such modifications within 
the true Spirit and scope of the invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. A pump comprising a housing, a partition 

dividing Said housing into an upper chamber 
and a lower chamber, said partition including 
an Opening therein, means defining a passage 
extending downwardly from said opening into 
Said lower chamber to interconnect said upper 
chamber with said lower chamber, an electrical 
conducting liquid of low vapor pressure in the 
lower portion of said lower chamber and extend 
ing at all times above the lower end of said 
means, a vaporizable fluid in the upper portion 
of said lower chamber adjacent said first men 
tioned means, means for heating and vaporizing 
said fluid, means responsive to a predetermined 
level of said liquid in said lower chamber for 
energizing Said heating means, means respon 
Sive to a predetermined level of said liquid in 
said upper chamber for de-energizing said heat 
ing means, and an inlet valve and an outlet 
Valve at the upper portion of said upper chamber 
for respectively admitting and discharging fluid 
to be pumped. 

2. A pump comprising a housing, a partition 
dividing said housing into an upper chamber 
and a lower chamber, said partition including 
an opening therein, means defining a passage 
extending downwardly from said opening into 
said lower chamber to interconnect said upper 
chamber with said lower chamber, an electrical 
conducting liquid of low vapor pressure in the 
lower portion of Said lower chamber and extend 
ing at all times above the lower end of Said 
means, a vaporizable fluid in the upper portion 
of Said lower chamber adjacent said first men 
tioned means, means for heating and vaporizing 
Said fiuid, means for controlling the energization 
of said heating means, said controlling means 
including two pairs of electrodes extending into 
said housing respectively into said upper and 
said lower chambers, the electrodes in each pair 
being adapted to be electrically interconnected 
by said liquid when said liquid rises to a pre 
determined level in the associated chamber, and 
an inlet valve and an outlet valve at the upper 
portion of said upper chamber for respectively 
admitting and discharging fluid to be pumped. 

3. A pump comprising a housing, a partition 
dividing said housing into an upper chamber and 
a lower chamber, Said partition including an 
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opening therein, a hollow tube extending down 
wardly from said opening into said lower cham 
ber to interconnect said upper chamber with Said 
lower chamber, liquid mercury in the lower por 
tion of said lower chamber and extending at all 
times above the lower end of Said tube, a Vapor 
izable fluid in the upper portion of said lower 
chamber adjacent said tube, means for heating 
and vaporizing said fluid, means for controlling 
the energization of said heating means, two pairs 
of electrodes extending into said housing respec 
tively into said upper and said lower chambers, 
the electrodes in each pair being adapted to be 
electrically interconnected by said mercury when 
said mercury rises to a predetermined level in the 
associated chamber, said electrodes being con 
nected and arranged to control the Operation of 
said controlling means, an inlet valve and an out 
let valve at the upper portion of Said upper chan 
ber for respectively admitting and discharging 
fluid to be pumped. 

4. A pump comprising a housing, a partition di 
viding said housing into an upper chamber and a 
lower chamber, said partition including an open 
ing therein, a hollow tube extending downwardly 
from said opening into said lower chamber to 
interconnect said upper chamber with said lower 
chamber, liquid mercury in the lower portion of 
said lower chamber and extending at all times 
above the lower end of said tube, a vaporizable 
fluid in the upper portion of said lower chamber 
adjacent said tube, a first means for heating and 
vaporizing said fluid, a second means for coin 
trolling the energization of said first means, two 
pairs of electrodes extending into said housing re 
spectively into said upper and said lower cham 
bers, the electrodes in each pair being adapted to 
be electrically interconnected by Said mercury 
When said mercury rises to a predetermined level 
in the associated chamber, Said electrodes being 
connected and arranged to control the operation 
of said second means, the upper portion of Said 
housing having a dome shape, an outlet valve dis 
posed at the apex of Said doine in its closed posi 
tion and an inlet, valve adjacent Said outlet valve, 
said valves being arranged for respectively dis 
charging and admitting fluid to be pumped. 

5. A pump comprising a housing, a partition di 
viding said housing into an upper chamber and a 
lower chamber, said partition including an open 
ing therein, a hollow tube extending downwardly 
from said opening into said lower chanber to in 
terconnect said upper chamber with Said lower 
chamber, liquid mercury in the lower portion of 
said lower chamber and extending at all times 
above the lower end of said tube, a vaporizable 
fluid in the upper portion of Said lower chamber 
adjacent said tube, means for heating and vapor 
izing said fluid, a relay for controlling the ener 
gization of said ineains, two pairs of electrodes 
extending into said housing respectively into said 
upper and said lower chambers, the electrodes 
in each pair being adapted to be electrically in 
terconnected by said mercury When Said mercury 
rises to a predetermined level in the associated 
chamber, said electrodes being Connected and ar 
ranged to control the operation of Said relay, the 
upper portion of said housing having a dome 
shape, an outlet valve disposed at the apex of 
said done in its closed position and an inlet valve 
adjacent said outlet Valve, Said valves being ar 
ranged for respectively discharging and admitting 
fluid to be pumped. 

6. A pump comprising a housing, a partition di 
viding said housing into an upper chamber and 
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6 
a lower chamber, said partition including an Open 
ing therein, a hollow vertical tube extending 
downwardly from said opening into said lower 
chamber to interconnect said upper chamber with 
said lower chamber, liquid mercury in the lower 
portion of said lower chamber and extending at 
all times above the lower end of Said tube, a vapor 
izable fluid in the upper portion of Said lower 
chamber surrounding said tube, means for heat 
ing and vaporizing said fluid, a relay for con 
trolling the energization of Said means, two pairs 
of electrodes extending through the walls of said 
housing respectively into said upper and said 
lower chambers, the electrodes in each pair being 
adapted to be electrically interconnected by said 
mercury when said mercury rises to a predeter 
mined level in the associated chamber, said elec 
todes being connected and arranged to control 
the operation of Said relay, and an inlet valve and 
an outlet Valve at the upper portion of said upper 
chamber for respectively admitting and discharg 
ing fluid to be pumped. 

7. A pump comprising a housing, a horizontal 
partition in Said housing dividing the space 
Within Said housing into an upper chamber and 
a lower chamber, said partition including an 
opening, a hollow tube extending downwardly 
from said opening into said lower chamber to 
interconnect said upper chamber and said lower 
chamber, liquid mercury in the lower portion of 
said lower chamber and extending at all times 
above the lower end of said tube, a vaporizable 
fluid in the upper portion of said lower cham 
ber surrounding said tube, an electrical heater 
immersed in said vaporizable fluid for heating 
and vaporizing said fluid, an electrical circuit for 
energizing said heater including a relay having 
a coil and a pair of normally open contacts 
connected in series with said heater, the series 
combination of said contacts, said heater, and 
said relay coil being connected to a suitable 
source of electric power, a first pair of electrodes 
connected in parallel with said contacts and ex 
tending into said lower chamber and adapted to 
be electrically interconnected by said mercury 
When said mercury rises to a predetermined level 
in Said lower chamber to energize said coil, a 
second pair of electrodes connected in parallel 
with said relay coil and extending into the upper 
portion of Said upper chamber to be electrically 
interconnected by said mercury when said mer 
cury rises to a predetermined level in said upper 
chamber to de-energize said coil, and an inlet 
valve and an outlet valve in the upper portion 
of said upper chamber for respectively admitting 
and discharging fluid to be pumped. 

8. A pump comprising a housing, a horizontal 
partition in said housing dividing the space with 
in Said housing into an upper chamber and a 
lower chamber, Said partition including an open 
ing near the central portion thereof, a hollow 
vertical tube extending downwardly from said 
opening into said lower chamber for at least three 
quarters of the distance from said partition to 
the bottom of said housing to interconnect said 
upper chamber and lower chamber, liquid mer 
cury in the lower portion of said lower chamber 
and extending at all times above the lower end 
of said tube, a vaporizable fluid in the upper por 
tion of said lower chamber surrounding said 
tube, an electrical heater immersed in said wa 
porizable fluid for heating and vaporizing said 
fluid, an electrical circuit for energizing said 
heater including a relay having a coil and a pair 
of normally open contacts connected in series 
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with said heater, the series combination of Said 
contacts, said heater, and said relay coil being 
connected to a suitable source of electric power, 
a first pair of electrodes connected in parallel 
with said contacts and extending through the 
side wall of said housing into said lower chamber 
and adapted to ba electrically interconnected by 
said mercury when said mercury rises to a pre 
determined level in said lower chamber to ener 
gize said coil, a second pair of electrodes Con 
nected in parallel with said relay coil and ex 
tending into the upper portion of said uppel' 
chamber and adapted to be electrically inter 
connected by said mercury when said mercury 
rises to a predetermined level in said upper cham 
ber to de-energize said coil, and an inlet valve 
and an outlet valve in the upper portion of Said 
upper chamber for respectively admitting and 
discharging fluid to be pumped. 

9. A pump comprising a housing, a horizontal 
partition in said housing dividing the Space with 
in said housing into an upper chamber and a 
lower chamber, said partition including an open 
ing near the central portion thereof, a holioW 
vertical tube extending downwardly from said 
opening into said lower chamber for at least 
three quarters of the distance from said parti 
tion to the bottom of said housing to intercon 
nect said upper chamber and said lower chain 
ber, liquid mercury in the lower portion of said 
lower chamber, Said mercury being sufficient 
in amount to concurrently fill said upper chann 
ber, Said tube, and the portion of said lower 
chamber from the lower end of said tube to 
the bottom of said housing, a vaporizable fluid 
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in the upper portion of said lower chamber Sur 
rounding said tube, an electrical heater lim 
mersed in said vaporizable fluid for heating and 
vaporizing said fluid, an electrical circuit for 
energizing said heater including a relay having 
a coil and a pair of normally open contacts con 
nected in Series with said heater, the Series com 
bination of said contacts, said heater, and Said re 
lay coil being connected to a suitable source of 
electric power, a first pair of electrodes connected 
in parallel with said contactS and extending 
through the side wall of said housing into said 
lower chamber and adapted to be electrically 
interconnected by Said mercury when said mer 
cury rises to a predetermined level in said lower 
chamber to energize said coil, a second pair of 
electrodes connected in parallel with said relay 
coil and extending into the upper portion of said 
upper chamber and adapted to be electrically in 
terconnected by said mercury when said mercury 
rises to a predetermined level in said upper 
chamber to de-energize Said coil, and an inlet 
valve and an outlet valve in the top of said upper 
chamber for respectively admitting and dis 
charging fluid to be pumped. 

HAROLD. J. BALHOUSE. 
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