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This invention relates to hot water heating systems, 
and more particularly to apparatus for removing corro 
sion accumulations in such systems. 
A direct ?red hot water heating system can have within 

the heating boiler water leaks that may not be noticed 
for a long time because the leakage is carried 01f with 
the heating gases. Nevertheless, considerable raw make 
up water would be used to compensate for the leakage 
and that water would contain its normal concentration 
of dissolved oxygen, which would corrode the heating 
system. Such a system generally uses a high level ex 
pansion tank vented to the atmosphere. If the heating 
system uses a steam boiler and heat exchanger for heat 
ing the circulating hot water, the system may suffer 
iron corrosion accumulations even though there is no 
water leakage. This is because oxygen gets into the 
pipes from the compressed air that is used to maintain 
the air cushion in ‘the sealed expansion tank that forms 
part of the system. The breathing in and out of tank 
water, due to intermittent heating, absorbs air in the 
expansion tank ‘and carries it away, and the loss of air 
in the tank is replenished frequently. However, no mat— 
ter how oxygen gains entrance into a hot water heating 
system, the resulting corrosion buildup will slow down 
water circulation and the system will become unsatis 
factory. 

It is among the objects of this invention to provide 
a deaerator which continually deaerates water in a hot 
water heating ‘system to remove corrosion products, 
which is simple and automatic in operation, and which 
is relatively inexpensive and very e?icient. ' 

In accordance with ‘this invention, two tanks are lo 
cated close together at different’ levels. The upper tank 
has an inlet ‘designed to be connected to the cool water 
return line of a hot water heating system. The tank also 
has a water outlet at its bottom and a gas outlet at its 
top. The gas outlet is provided with check valve means 
constructed to allow only gases to escape from the tank. 
The lower tank is provided with an inlet and an outlet. 
The upper tank water outlet is connected by a drain con 
du-i-t to the lower tank inlet, and the‘dr-ain conduit con 
tains a normally open valve. Connected with'the lower 
tank outlet is ‘a normally idle pump- having an outlet 
normally connected by a conduitwith the upper tank. 
The upper parts of the upper and lower tanks are con 
nected by a pipe, in the upper end of which there is an 
upwardly opening check valve. The pump is started by 
means responsive to a predetermined high water level 
' the pipe below its check valve, and the drain valve is 

at the same time, whereby a vacuum is created 
wer tank as water is pumped out of it. When 
'tank is ?lled with water and a predetermined 
built up in it, water is diverted from the pump 
the hot water line of the heating system.‘ 
ter level ‘in the lower tank falls to a certain 
mp‘stops and the drain valve opens to 

< in the upper tank. The water, which 
er tank from the return line to make up 

to the hot water line, is deaerated 
y the pump to the heating system. 

" ent of the invention is illus 
' '4 drawings, in which; 

vdeaerator; and ' 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

3,104,163 
Patented Sept. 17, 1963 

2 
FIG. 2 is an electric wiring diagram for the deaerator. 
Referring to FIG. 1 of the drawings, water heated in 

any suitable manner circulates through a hot water line 
1, also known as a water supply line, and suitable radia 
tors (not shown) where it gives olf heat, and then re 
turns through a return line 2 for reheating. In order to 
reduce corrosion in the heating system, the return line 
is provided with a diversion pipe 3 that leads through 
a manually operated valve 4 and a check Valve 5 to a re; 
ducing valve 6, where the pressure is cut from the usual 
25 pounds or so to about 12 pounds. A make-up line 
7, normally closed by a manually operated valve 8 is 
connected into the system between ‘the check valve and 
the reducing valve. The outlet of the reducing valve is 
connected by a throttling tube 9, having a ?xed ?ow 
resistance, to an inlet 10 in the upper part of a deaer-ator 
housing. 
The cleaerator housing is separated more or less cen 

' many by a horizontal partition wall 12 into an upper 
tank 13 and a lower tank 14. The upper tank has an 
outlet 15 at its bottom connected by a drain conduit 16 
with an inlet 17 in the side of the lower tank. The 
drain conduit contains a normally open diaphragm valve 
18, which is closed whenever su?icient water pressure is 
applied to the top of its diaphragm through a tube 19. 
The top of the upper tank has a gas outlet 21, to which 
a pipe ‘22 is connected. The outer end of the pipe is 
connected by an outwardly opening check valve 23 to a 
tube 24 that restricts ?ow of gas from the tank. Pipe 
22 contains an inverted check valve '25, the vertically 
movable closure 26 of which normally rests on supports 
27 because the restricted flow of gas through the valve is 
not rapid enough to lift the closure and close the 
valve. However, water starting to escape from the top 
of the tank will lift the closure and close the valve to 
prevent the water ‘from leaving the tank. 

Near the bottom of the lower tank, it is provided with 
an outlet 30 (that is connected by ‘a conduit 31 to the 
outlet of a pump 32 ‘driven by an electric motor 33. The 
pump outlet 34 is connected to a conduit 35 that leads 
to an inlet in the upper tank, which preferably is inlet 
10. The drain valve tube 19 is connected to outlet 34 
of the pump ‘also, so that the pump pressure will be ap 
plied to the valve to close it. The pump conduit 35 
contains a three-way diaphragm valve 36 having a nor 
mally open closure 37 and a nonmal‘ly closed closure 38. 
The first one ‘allows water to- pass from the pump to the 
upper tank. When the valve is reversed by ?uid pressure , 
on its diaphragm, ?ow to the upper tank is cut oil and 
water from the pump is diver-ted through the valve past 
now open closure‘ 38 to a conduit connected to hot 
water line 1 of the heating system. Conduit 39 contains 
a check valve“, and it may also contain a manually 
operated valve 41. The top of the three-way valve 36 
is connected by a tube 42 with theinside of the upper 
tank, so that when the water pressure in the upper tank 
reaches a predetermined point after the tank has been 
?lled, the valve will be reversed. - 
The upper parts of the two tanks are connected by a 

gas transfer pipe 45 that preferably also extends down 
and into the lower part of the lower tank. Mounted in 
the upper end of this pipe is an upwardly opening check 
valve 46. A little ways below the valve an electrode 47 
extends into the pipe, into which it is sealed. A similar 
electrode 48 may‘extend into the lower section of the 
pipe near its lower end, or it can project directly into the 
lower tank. The two electrodes are so positioned that 
the capacity of the lower tank above the level of the low 
electrode is greater than the capacity of the upper tank 
above the level of the high electrode.‘ These two elec 
trodes are in ‘an electric circuit that controls the starting 
and stopping of the pump motor 33. The circuit is such 
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that water in pipe 45 must rise high enough to cover both 
electrodes to close the motor circuit so that the pump 
will start, and the water level then must fall below the 
lower electrode before the pump will stop. 
The control circuit is shown in FIG. 2. It includes 

‘a relay that is a commercial item, which can be bought 
from the Mercoid Corporation. The relay has a core 
50 that is provided with parallel legs. Encircling the 
lower part of one leg is a wire coil 51 that is connected 
‘by wires 52 and 53 in a three wire electric circuit. Wire 
52 is connected by another wire 54 to one terminal of a 
normally open mercury switch 55, the opposite terminal 
of which is connected by a Wire 56 to a solenoid coil 57 
connected to the third wire 58 of the main circuit. The 
switch is carried by the outer end of an arm 59 that is 
pivoted on a horizontal axis at 65} to the other leg of the 
core. The inner end of the arm rigidly supports a Wire 
coil 61 that loosely encircles the ?rst leg of the core close 
enough to coil 51 below it for electrical current to be 
induced in the upper coil by coil 51. The high and low 
electrodes 47 and 48 are connected by wires 62 and 63, 
respectively, to this coil, and the upper electrode also is 
connected by a wire 64 to one terminal of a second nor 
mally open mercury switch 65 on the outer end of arm 
59. The other terminal of this switch is grounded by 
a wire 66. Coil 61 weighs enough to normally hold the 
two mercury switches in their upper position, in which 
they are open. 
When water from return line 2 causes the water in 

the deaerator tanks and gas transfer pipe 45 to rise high 
enough to cover high electrode 47, the water forms a 
conductor between the high and low electrodes and there 
by completes a circuit through upper coil 61. As soon 
as that is done, electric current is induced in the upper 
coil by the constantly energized lower coil 51, and the 
coil windings are such that the upper coil is repulsed and 
tilts arm 59 in the opposite direction to cause the two 
mercury switches to descend and close. Switch 55 closes 

' a circuit through solenoid 57, which then draws in its 
core 67 to close three normally open switches 68, 69 and 
70 so that motor 33 will start. The closed upper mer 
oury switch 65 connects upper coil 61 with ground and 
thereby forms a holding circuit through wire 64, the coil, 
wire 63, lower electrode 48 and the water that covers that 
electrode. Consequently, the holding circuit will func 
tion to maintain coil 61 in its upper position after the 
waterpin pipe 45 has dropped below high electrode 47 
and until the water in thevlower tank falls below the low 
electrode. The holding circuit then will open, arm 59 
will tilt in the opposite direction, the mercury switches 
will open, solenoid 57 will be deenergized and a spring 71 
will open the pump motor switches. 

In the operation of this apparatus, Water diverted into 
the deaerator from the cool Water return line 2 enters 
the upper tank 13 ‘and water ?ows down into the lower 
tank through drain conduit 16 until the lower tank 14 
‘is ?lled and the upper tank and pipe 45 have been ?lled 
to the level of high electrode 47. At that moment the 
circuit between the high and low electrodes is closed 
by the water and pump 32 starts to operate, which causes 
drain valve 18 to close. Water is pumped from the lower 
tank through conduit 35 to inlet 10 of the upper tank. 
This lowers the water level in the lower tank so that 
the water in pipe 45 drops down into the lower tank. Of 
course, no Water or gas can ?ow down through the pipe 
from the upper tank because check valve 46 will prevent 
it. The water level in the upper tank rises until it ?lls 
the tank and closes check valve 25, and then the water 
pressure builds up until it is great enough to reverse three~ 
way valve 36. However, the pump continues to oper 
ate, so it now pumps water from the lower tank out 
through conduit 39 to the hot water line 1. This con 
tinues until the water level in the lower tank and pipe 
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45 falls below low electrode 48, whereupon the pump 
stops and drain valve 18 opens. 
While water was being pumped out of the lower tank, 

a high vacuum was created in it and gases from the water 
were released into the evacuated zone. When the pump 
stops, water in the upper tank starts to ?ow through con 
duit 16 into the lower one and a vacuum therefore de 
velops in the top of the upper tank. This vacuum is even 
greater than the one in the lower tank, due to the dif 
ference in the water levels. During this period gas is 
drawn from the lower tank up through the gas transfer 
pipe 45 and check valve 46 into the top of the upper tank. 
By the time the lower tank has been ?lled with water from 
the upper tank, the water level in the latter will be several 
inches below the high electrode 47. 
Now a quiet period occurs while water ?ows into the 

upper tank from return line 2. Because this water en 
ters an area of high vacuum, the dissolved gases in it are 
set free as millions of tiny bubbles which rise to the sur 
face of the water and break. Throttling tube 9 has a 
high enough resistance to require several minutes to raise 
the water level in the deaerator to the point where it will 
engage the high electrode 47 and start the pump operat 
ing again to repeat the cycle just described. The water 
rising in the upper tank forces the liberated gases out 
through pipe 22 and check valve 23 to atmosphere. Be 
fore the water entering from the return line has passed 
through the deaerator and been pumped back into ?ow 
line 1, it is well deaerated. This not only reduces fur 
ther corrosion in the heating system, but it also vwill soon 
remove existing corrosion accumulations. Such accumu 
lations are removed because they are primarily ferric 
hydroxide. Deaerated water, because of its a?inity for 
oxygen, will effect conversion of the ferric hydroxide to 
ferrous hydroxide, which is soluble in the water. 

According to the provisions of the patent statutes, I 
have explained the principle of my invention and have 
illustnated and described What I now consider to repre 
sent its ‘best embodiment. However, I desire to have it 
understood that, within the scope of the appended claims, 
the invention maybe practiced otherwise than as speci? 
cally illustrated and described. 

I claim: 
1. A deaerator ‘for a liquid-conducting system having 

two liquid-conducting lines, said deaerator comprising an 
upper tank provided with an inlet adapted to receive 
liquid from one of said lines, the tank having a liquid out 
let at its bottom and a gas outlet at its top, check valve 
means constructed to allow only gases to escape through 
said gas outlet, 21 lower tank provided with an inlet and an 
outlet, a drain conduit connecting the upper tank liquid 
outlet with the lower tank inlet, a normally open valve in 
the drain conduit, a normally idle pump connected with 
said lower tank outlet and having an outlet, a conduit nor 
mally connecting the pump outlet with the upper tank, a 
three-way valve in said conduit normally allowing flow of 
liquid therethrough, a pipe connecting the upper parts of 
the upper and lower tanks, an upwardly opening check 
valve in the upper end of said pipe, means responsive to a. 
predetermined high liquid level in said pipe below its check 
valve for starting the pump and closing said drain val 
means responsive to a predetermined liquid pressure ' 
upper tank when ?lled for reversing said three 
to divert liquid from the pump conduit to the o 
liquid-conducting lines, and means responsiv 
determined low liquid level in the lower tank. 
the pump and opening the drain valve. 

2. A deaerator for a liquid»conductin¢ 
two liquid-conducting lines, said deac ‘ ‘ 
upper tank provided with an inle 
uid from one of said lines, the‘ 
at its bottom and 
constructed to all 
outlet, a lower 
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a drain conduit connecting the upper tank liquid outlet 
with the lower tank inlet, a normally open valve in the 
drain conduit, a normally idle pump connected with said 
lower tank outlet and having an outlet, a conduit normally 
connecting the pump outlet with the upper tank, a three 
way valve in said conduit normally allowing flow of liquid 
therethroulgh, ?uid pressure responsive diaphragms for 
reversing said drain valve and three-way valve, a tube con 
necting the pump ‘discharge with the drain valve dia 
phragm, a tube connecting the upper tank with the three 
way valve diaphragm, a pipe connecting the upper parts 
of the upper and lower tanks, an upwardly opening check 
valve in the upper end of said pipe, means responsive to a 
predetermined high liquid level in said pipe below its 
check valve for starting the pump, a conduit connecting 
the three-way valve when reversed to the other of said 
liquid-conducting lines and means responsive to a‘ pre 
determined low liquid level in the lower tank ‘for stopping 
the pump. 

3. A deaerator comprising an upper tank provided with 
an inlet, an inlet conduit for delivering liquid to be deaer 
ated to said tank inlet, the tank having a liquid outlet at 
its bottom and a gas outlet at its top, check valve means 
constructed to allow only gases to escape through said gas 
outlet, a lower tank provided with an inlet and an outlet, a 
drain conduit connecting the upper tank liquid outlet with 
the lower tank inlet, a normally open valve in the drain 
conduit, a normally idle pump connected with said lower 
tank outlet and having an outlet, a conduit normally con 
necting the pump outlet with the ‘upper tank, a pipe con 
necting the upper parts of the upper and lower tanks, an 
upwardly opening check valve in the upper end of said 
pipe, a high electrode in said pipe below its check valve, a 
low electrode normally in communication with liquid in 
the lower tank, an electric circuit containing said elec 
trodes and adapted to be closed when liquid rises in said 
pipe to the high electrode for starting the pump and keep 
ing it operating until the liquid in the lower tank falls 
below said lower electrode, means for closing the drain 
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valve when the pump starts and opening the drain valve 
when the pump stops, and means responsive to a predeter 
mined liquid pressure in the upper tank when ?lled ‘for 
diverting liquid from said pump conduit to a predeter 
mined location. 

4. A deaerator rfor a liquid-conducting system having 
two liquid-conducting lines, said deaerator comprising an 
upper tank provided with an inlet, an inlet conduit for 
connecting one of said lines with said tank inlet, the tank 
having a liquid outlet at its bottom and a gas outlet at its 
top, check valve means constructed to allow only gases to 
escape through said gas outlet, a lower tank provided with 
an inlet and an outlet, a drain conduit connecting the upper 
tank liquid outlet with the lower tank inlet, a normally 
open valve in the drain conduit, a normally idle pump 
connected with said lower tank outlet and having an out 
let, a conduit normally connecting the pump outlet with 
the upper tank, a pipe connecting the upper parts of the 
upper and lower tanks, an upwardly opening check valve 
in the upper end of said pipe, means responsive to a pre 
determined high liquid level in said pipe below its check 
valve for starting the pump and closing said drain valve, 
means responsive to a predetermined liquid pressure in the 
upper tank when ?lled vfor diverting liquid from said pump 
conduit to the other of said liquid-conducting lines, and 
means responsive to a predetermined low liquid level in 
the lower tank for stopping the pump and opening the 
drain valve. 

5. A deaerator according to claim 4, including flow 
resistance means in said inlet conduit for reducing the ?ow 
of liquid entering said upper tank inlet to a predetermined 
rate. 
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