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This invention relates to a new and improved
leak detector, and more particularly to an im-
proved means for automatically giving an alarm
to indicate the leakage of refrigerant from an

5 automatic refrigerating system.

The refrigerant used in many refrigerating
systems, particularly of the compression type,
is poisonous or at least injurious to health, par-

_ ticularly if the refrigerant escapes in large quan-

10 tities. The apparatus hereinafter disclosed is
designed to give an alarm or signal whenever
any material quantity of this refrigerant escapes
from the system, so that the leaks may be
stopped and serious damage avoided.

156 In a refrigerating system of the compression
type, a tank or sump is positioned in the closed
circulation system in advance of the condenser.
Liquid refrigerant drains from the condenser
into this tank and passes from this tank through

2¢ the evaporator. A certain reserve supply of

i liquid refrigerant will remain in the tank at all
times, although a large percentage of the re-
frigerant is in circulation throughout the other
elements of the refrigerating system. When the

op refrigerating system is idle, that is when the
compressor is stopped and the circulation of the

refrigerant is substantially discontinued, a

greater amount of the liguid refrigerant will

accumulate in the tank and the liquid level will

30 rise substantially to a normal upper predeter-
mined level. When the compressor is in opera-
‘tion and the circulation of refrigerant is re-
newed, the normal amount iof liquid refrigerant
in the tank will be decreased and the liquid level

a5 in the tank will fall to a lower predetermined |

level. Thus there are two normal liquid levels
in the tank, one when the refrigerating system
is in operation and the other when the refrig-
erating system is not in operation. According

40 to the present invention, two separate detector
units are positioned in the tank, one of these
units being associated with each of the two nor-
mal liquid levels. Either detector is adapted to
cause the operation of a signal device when the

45 Jiguid level falls substantially below the normal
level with which that particular detector umit is
associated. Means is provided for selectively
rendering either one or the other of the detector
units effective in accordance with whether the
refrigerating system is idle or in operation. In
this way & substantial leakage from the system
will cause a warning to be given at any time,
whether the refrigerating system is in operation
or not.’

The principal object of this invention is to
provide an improved leak detecting apparatus
of the type briefly described hereinabove and
disclosed more in detail in the specifications
which follow. o 5

Another object is to provide an improved elec-
trically-operated signal unit and control mech-
anism therefor to be associated with the sump
tank of a refrigerating system.

Another object is to provide, in combination 1¢
with a tank in which one liquid level is normal
at certain times and another liquid level is nor-
mal at certain other times, a mechanism for giv-
ing a signal whenever the liquid level is lowered
materially below the level that is normal at any 15
given time.

Other objects and advantages of this invention
will be more apparent from the following detail
description of one suitable form of apparatus
constructed and operating according to the prin- 20
ciples of this invention. .

The accompanying drawing is a diagrammatic
view illustrating a typical refrigerating system,
the signal mechanism, and the wiring connec-
tions therefor. : 25

At the right of the figure is diagrammatically
illustrated a refrigerating system of the com-
pression type comprising a compressor A, a con-
denser B, a sump tank C, an expansion valve D,
and an evaporator E, all of these units being 30
connected in a closed circuit by the piping shown
so that refrigerant will circulate “through these
units in well known manner, in the direction of
the arrows. The compressor A is driven by mo-
tor P which is energized by means of the fol- g4~
lowing circuit: From main | through switch 2,
wire 8, motor F, wire 4, switch 2 and the other.
power main 5. The switch 2 may be opened or
closed in any suifable manner. Usually this
switch is operated thermostatically in accord- 4
ance with temperature changes in the space be-
ing refrigerated. When the temperature in this
space has been lowered to a predetermined point
the switch 2 is opened to stop the action of the
refrigerating system. When the temperature 45
again rises to this point the switch is closed and
motor F is again energized to cause operation of
the compressor A and renew the circulation of
the refrigerant.

When the compressor is in operation a larger 50
percentage of the refrigerant will be in circu-
lation through the system and the normal liq-
uid level in sump C will be substantially as indi-
cated at . When the compressor is not in op-
eration, more of the refrigerant will drain into 55
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sump C and the normal liquid level will be

. higher as indicated at b.
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A pair of similar detector units are indicated
at G and G’. The unit G consists of a switch
and a heating element therefor. The switch com-
prises a pair of supporting bars 6 and 1, one or
both of which are of thermostatic material, these
bars being fixedly mounted at one end and re-
spectively carrying at their free ends the nor-
mally spaced apart contacts 8 and 9. When heat
is applied to these bars they will warp toward
one another so as to complete a circuit through
the contacts 8 and 9. The electric heating ele-
ment 10 is positioned adjacent the switch and
when energized by suitable electric:current the
heat from this element is sufficient to bring the
contacts 8 and 9 into engagement. However,
when the heating element 10 is submerged in a
liquid, such as the liquid refrigerant in tank C,
this liquid will carry away or dissipate sufficient
of the heat from the element 10 so that the heat
transmitted to the supporting bars 6 and 7 of the
switch is insufficient to bring contacts 8 and 9
into engagement with one another. The detector
unit G’ is of exactly similar construction and the
elements of this unit are indicated by similar
but primed reference characters.

The detector unit G is so positioned in the tank

that the heating element 10 will be submerged .

a short distance below the upper liquid level b.
As long as the liquid level remains at b, the heat-
ing element will be ineffective to close the switch,
even though the heating element is energized,
but as soon as the liquid level. falls sufficiently to
no longer cover the heating element 10, the heat
from this unit will bring the contacts 8 and 9
together and close the circuit. In a similar man-
ner the detector unit G’ is so positioned that
its heating element {0’ is located just below the
lower normal water level a.

At H is indicated a suitable panel board or box
on which are suitably positioned the several ter-
minals |1 to 24 inclusive. The switches and heat-
ing elements of the detector units G and G’ are
connected to the several terminals 17 to 24 inclu-
sive as will be hereinafter described. A suitable
signal or alarm mechanism J, for example an
electric bell as here shown, is connected through
wires 25 and 26 with the terminals 12 and i1 re-
spectively. The mains 27 and 28 of a low voltage
control circuit are:connected respectively with
the terminals 15 and 6. The wires 29 and 30
connect the respective wires 4 and 3 of the actu-
ating circuit of motor F with the terminals 13
and 14, _ :

On the panel board H is a relay mechanism
indicated generally at K and comprising a sole-
noid coil 31 adapted when energized to draw
down the core 32 against the resistance of a
spring 33. When thus energized, the contact bar
34 will be pulled down so as to bridge the pair of
fixed contacts 35 and 36. When the coil 31 is de-
energized the spring 33 will draw contact bar 34
upwardly so as to bridge the second pair of fixed
contacts 37 and 38. The relay coil is energized
through the following circuit: From motor main
4 through wire 29, terminal 3, fuse 39, wire 40,
resistance 41, wire 42, coil 31, wire 43, resistance
44, wire 45, fuse 46, terminal 14, and wire 30 to
the other motor main 3. It will thus be seen that
the relay coil 31 is connected in parallel with the
motor F so that whenever switch 2 is closed to
energize the motor F, the relay K will also be
energized. Conversely, when the motor is stopped
the relay coil will be deenergized.
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The negative main 28 of the controlling cir-
cuit is connected through fuse 47 and wire 48 with
terminal 1. Terminals IT and 20 are connected
by the jumper 49. Terminals 20 and 21 are con-
nected by jumper 50. Terminals 2f and 23 are
connected by jumper §i. It will thus be seen

. that terminals 17, 20, 21 and 23 are all connected

with negative main 28, When the motor F is not
running and relay K is in the position shown in
the drawing, a circuit for energizing the heat-
ing element 10 of detector G is completed as fol-
lows: From positive main 21 through terminal
18, fuse 52, wire 53, relay contacts 38, 34 and 37,
wire 54, terminal 55, wire 56, terminal 24, wire
57, heating element (0, wire 58, terminal 23 and
thence to negative main 28. At the same time
a-branch or shunt circuit will be completed as
follows: From terminal 35 through wire 59, signal
light I,, wire 60, terminal 23 and thence to the
negative main. The light L will give a visible
indication on the panel board that the motor F
and the refrigerating system are not in operation.

With the circuits completed as just described,
the heating element 10 will be continuously en-
ergized but since the refrigerating system is not
in operation the refrigerant in sump tank C will
be at the higher level b so as to cover the heating
element 10. The liquid will thus dissipate the
greater portion of the heat from element 18 and

“the thermostatically controlled contacts 8 and 9

will not be brought into engagement with one
another. However, if under these conditions
there should be a leak in the circuit so that the
refrigerant level in tank C will drop sufficiently
to uncover the heating element 0, then this
heating element will be effective to heat the ther-
mostatic bars 6 and T and bring the contacts 8
and 9 into engagement with one another. 'This
will complete a circuit energizing the bell or other
signal J, as follows: From positive main 27
through terminal {5, fuse 52, wire 53, contact
38, wire 61, contact 35, wire 62, terminal 12, wire
25, signal J, wire 26, terminal I, wire 63, ter-
minal 22, wire 64, bar 1, switch contacts 9 and
8, bar 6, wire 65, terminal 21, and thence to nega-
tive main 28. The signal J will then continuously
give an alarm until the circuit is manually broken,
or until the liquid level is restored to the upper
level b so as to again submerge the heating
element (0.

As has already been noted, when the motor F
is again energized and the refrigerant is again
actively circulated, the liquid level in tank C
will normally drop to the level a even though
there is no loss of refrigerant. If the heating
element 10 were still energized the signal J
would now be operated, but since the coil 31 of
relay K is now energized the movable contact 34
will be moved down so as to break the energiz-

ing circuit for heating element 10 and signal’

light L and complete new circuits between the
contacts 35 and 36.  This will render the upper
detector unit G ineffective but at the same time
the lower detector unit G’ will be made effective.
The energizing circuit for heating element (0’
of detector G'/is as follows: From positive main
21 through terminal (5, fuse 52, wire 53, contact
38, wire 61, switch contacts 35, 34 and 36, wire

66, terminal (9, wire 67, heating element 10’, ‘

wire 68, terminal 20 and thence to negative main
28. At the same time the signal light M will be
energized through the shunt circuit extending
from contact 36 through wire 69, light M, and
wire 60, to terminal 23. 'This light will indi-
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frigerating system is in operation. If now the
liquid level in tank C should fall sufficiently to
uncover the heating element 10’, the resultant
heat appled to thermostatic bars 6’ and T of
detector &’ will bring together the contacts 8’
and 9’ and complete a second energizing cir-
cuit for signal bell J which extends as before
from positive main 27 through the signal J to
terminal 22, jumper 70, terminal {8, wire Ti,
bar T’, contacts 9’ and 8’, bar 6’, wire 12, ter-
minal {71 and thence to negative main 28.

It will thus be seen that when it is normal for.

the liquid level to fall from the upper level b
to the lower level a the signal J will not be oper-
ated, since this is no indication that there has
been a loss of refrigerant. However if the level
should fall further so as to uncover the heating
element 10’ it will be because there is no longer
a normal quantity of refrigerant in the circu-
lating system and in this case the signal J will
be operated. ’

It will be apparent that this signal system is
entirely automatic and indicates any substantial
variation from the normal liquid level, even
though this liquid level changes in accordance
with the periodic on and off operation of the
refrigerating system.

While this signal system
adapted for use with a compression refrigerat-
ing system of the type here disclosed, it will be
apparent that it might be used with other types
of refrigerating systems, or with other liquid-
holding tanks in which one liquid level is normal

.at one time, and another level is normal at

another time.

I claim: ' ]

1. In combination with a tank adapted to hold
liquid, there being an upper liquid level which
is normal at certain times, and a lower liquid
level which is normal at other times, a signal
device, and means for automatically operating
the signal whenever the liquid level falls a pre-
determined distance below the level that is nor-
mal at any given time, said predetermined dis-
tance being less than the difference between the
two normal levels.

2. In combination with a tank adapted to hold

. liquid, there being an upper liquid level which
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is normal at certain times, and a lower liquid
level which is normal at other times, a signal de-
vice, a pair of detector units positioned in the
tank and each adapted to cause actuation of the
signal when the level in the tank falls materially
below a predetermined level, one of the detectors
being associated with. the normal upper level
and the other with the normal lower level, and
means for selectively rendering effective at any
given time the detector that is associated with
the particular level that is normal at that time.

3. In combination with a tank adapted to hold
liquid, there being an upper liquid level which is
normal at certain times, and a lower liquid level
which is normal at other times, a signal device,
an electric circuit for actuating the signal, a pair
of similar detector units, each unit comprising a
normally open thermostatically operated switch
and an electric heating element adapted when
energized to cause the switch to close unless the
heating element is submerged in the liquid to
dissipate the heat and thus permit the switch to

remain open, one of these detectors being posi-

tioned with its heating element just below the
normal upper liquid level in the tank and the
other detector being positioned with its heating
element just below the normal lower liquid level,

is particularly 3

3

the two switches being connected in parallel in
the signal operating circuit so that either may

close the circuit, and means for energizing the

upper heating element only when the wupper
liquid is normal and for energizing the lower

heating element when the lower level is normal.

4. In combination with the sump tank of a re-
frigerating system, the liguid in this tank remain-
ing at a normal high level when the refrigerating
system is idle, this liquid level normally falling
to & lower level when the system is in operation,
a signal device, and means associated with the
tank for causing the signal to operate when the
system is idle and the liquid falls a predetermined
distance below its normal upper level but less than
the distance to the normal lower level, or when
it falls a predetermined distance below its nor-
mal lower level when the system is in operation.

5. In combination with the sump tank of a re-
frigerating system, the liquid in this tank remain-
ing at a normal high level when the refrigerating
system is idle, this liquid level normally falling
to a lower level when the system is in operation,
a signal device, a pair of detector units positioned
in the tank and each adapted to cause actuation
of the signal when the liquid in the tank falls
materially below a.predetermined level, one of
the detectors being associated with the normal
upper liquid level and the other with the normal
lower level, and means for selectively rendering
the upper detector effective when the system is
idle and the lower detector effective when the
system is in operation. )

6. In combination with the sump tank of a re-
frigerating system, the liquid in this tank re-
maining at a normal high level when the refriger-
ating system is idle, this liquid level normally
falling to a lower level when the system is in
operation, a signal device, an electric circult for
actuating the signal, a pair of similar detector
units, each unit comprising & normally open ther-
mostatically operated switch and an electric heat-
ing element adapted when energized to cause the
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switch to close unless the heating element is sub-

merged in the liquid to dissipate the heat thus
permitting the switch to remain open, one of
these detectors being positioned with its heating
element just below the normal upper liquid level
in the tank and the other detector being posi-
tioned with its heating element just below the
normal lower liquid level, the two switches being
connected in parallel in the signal operating cir-
cuit so that either may close the circuit, and

45
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means for energizing the upper heating element

only when the refrigerating system is idle and
the lower heating element when the system is in
operation.

7. In combination with the sump tank of a re-
frigerating system, the liquid in this tank re-
maining at a normal high level when the refrig-
erating system is idle, this liguid level normally
falling. to a lower level when the system is in
operation, a signal device, an electric circuit for
actuating the signal, a pair of similar detector
units, each unit comprising a normally open ther-
mostatically operated switch and an electric heat-
ing element adapted when energized to cause the
switch to close unless the heating element is sub-
merged in the liquid to dissipate the heat thus
permitting the switch to remain open, one of
these detectors being positioned with its heat-
ing element just below the normal upper liquid
level in the tank and the other detector being po-
sitioned with its heating element just below the
normal lower liquid level, the two switches being
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connected in parallel in the signal operating cir-
cuit so that either may close the circuit, a relay,
means for energizing the relay only when the
refrigerating system is in operation, and relay-
operated switch mechanism for energizing the
lower heating unit when the system is in oper-
ation and the upper heating unit when the sys-
tem is idle.

8. In combination with the sump tank of a re-
frigerating system, the liquid in this tank re-
maining at a normal high level when the refrig-
erating system is idle, this liquid level normally
falling to a lower level when the system is in op-
eration, a signal device, an electric circuit for
actuating the signal, a pair of similar detector
units, each unit comprising a normally open
thermostatically operated switch and an elec-
tric heating element adapted when energized to
cause the switch to close unless the heating ele-
ment is submerged in the liquid to dissipate the
heat thus permitting the switch to remain open,
one of these detectors being positioned with its
heating element just below the normal upper
liquid level in the tank and the other detector
being positioned with its heating element just
below the normal lower liquid level, the two
switches being connected in parallel in the signal
operating circuit so that either may close the
circuit, a control panel, a relay mounted on the
panel, a pair of signal lights on the panel, means
for energizing the relay only when the refriger-
ating system is in operation, and relay-operated
switch mechanism on the panel for energizing
the lower heating unit and one of the lights when
the system is in operation and for energizing the
other heating unit and the other light when the
system is idle.

9. In combination with a refrigerating system
including a compressor, a condenser, a sump
tank for holding liquid refrigerant, an evapora-
tor, and a metor for driving the compressor and
causing the refrigerant to circulate, the liquid
in the tank normally being at a predetermined
high level when the compressor is idle and nor-
mally sinking to a predetermined lower level
when the compressor is in operation, a signal de-
vice, and means associated with the tank for caus-
ing the signal to operate when the compressor is
idle and the liquid falls a predetermined distance
below the normal upper level in the tank and
before it falls to the normal lower level, or when
the liquid falls -a predetermined distance below
the normal lower level when the compressor is in
operation.

10. In combination with a refrigerating sys-
tem including a4 compressor, a condenser, a sump
tank for holding liquid refrigerant, an evapora-
tor, and a motor for driving the compressor and
causing the refrigerant to circulate, the liquid in
the tank normally being at a predetermined high
level when the compressor is idle and normally
sinking to a predetermined lower level when the
compressor is in operation, a signal device, a pair
of detector units positioned in the tank and each
adapted to cause actuation of the signal when
the liquid in the tank falls materially below a
predetermined level, one of the detectors being

associated with the normal upper liquid level and

the other with the normal lower liquid level, and
means for selectively rendering the upper dr-
tector effective when the compressor is idle and
the lower detector effective when the compressor
is in operation.

11. In combination with a refri~erating sys-

tem including a compressor, a condenser, a sump:

2,082,035

tank for holding liquid refrigerant, an evapora-
tor, and a motor for driving the compressor and
causing the refrigerant to circulate, the liquid
in the tank normally being at a predetermined

high level when the compressor is idle and nor-

mally sinking to a predetermined lower level
when the compressor is in operation, a signal de-
vice, an electric actuating circuit for the signal,
a pair of similar detector deviees, each device
comprising a normally open thermostatically op-
erated switch and an electric heating element
adapted when energized to cause the switch to
close unless the heating element is submerged in
the liquid to dissipate the heat thus permitting
the switch to remain open, one of these detectors
being positioned with its heating element just
below the normal upper liquid level in the tank
and the cther detector being positioned with its
heating element just below the normal lower
liquid level, the two switches being connected in
parallel in the signal operating circuit so that
either may close the circuit, and means for en-
ergizing the upper heating element only when
the compressor is idle, and the lower heating ele-
ment when the compressor is in operation.

12, In combination with a refrigerating sys-
tem including a compressor, a condenser, a sump
tank for holding liquid refrigerant, an evapora-
tor, and a motor for driving the compressor and
causing the refrigerant to circulate, the liquid
in the tank normally being at a predetermined
high level when the compressor is idle and nor-
mally sinking to a predetermined lower level
when the compressor is in operation, a signal
device, an electric actuating circuit for the sig-
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vice comprising a normally open thermostatically
operated switch and an electric heating element
adapted when energized to cause the switch to
close unless the heating element is submerged
in the liquid to dissipate the heat thus permit-
ting the switch to remain open, one of these de-
tectors being positioned with its heating element
just below the normal upper liquid level in the
tank and the other detector being positioned with
its heating element just below the normal lower
liquid level, the two switches being connected in
parallel in the signal operating circuit so that
either may close the circuit, a relay, a circuit
for simultaneously energizing or deenergizing the
motor and relay, and relay-operated switch
mechanism for energizing the lower heating ele-
ment when the motor is operating and the upper
heating element when the motor is idle.

13. In combination with a refrigerating sys-
tem including a compressor, a condenser, a sump
tank for holding liquid refrigerant, an evapora-
tor, and a motor for driving the compressor and
causing the refrigerant to circulate, the liquid
in the tank normally being at a predetermined
high level when the compressor is idle and nor-
mally sinking to a predetermined lower level
when the compressor is in operation, a signal de-
vice, an electric actuating circuit for the signal,
a pair of similar detector devices, each device
comprising a normally open thermostatically op-
erated switch and an electric heating element
adapted when energized to cause the switch to
close unless the heating element is submerged in
the liquid to dissipate the heat thus permitting
the switch to remain open, one of these detectors

being. positioned with its heating element just-

below the normal upper liquid level in the tank
and the other detector being positioned with its
heating element just below the normal lquid
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level, the two switches being connected in par-
allel in the signal operating circuit so that either
may close the circuit, a control panel, a relay
mounted on the panel, a pair of signal lights on
the panel, a circuit for simultaneously energizing
or deenergizing the motor and relay, and relay-

operated switch-mechanism on the panel for en-
ergizing the lower heating unit and one of the
lights when the motor is operating, and for en-
ergizing the upper heating unit and the other
light when the motor is idle.

WILLIAM M. SMITH.
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