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1

This invention relates to a method and appa-
ratus for heating and deaerating boiler feedwater
by means of steam.

The reasons for deaerating boiler feedwater are
well known and need not be repeated here. Dur-
ing the operation the water is heated by steam,
and, as the temperature of the water approaches
the saturation temperature, the solubility of such
gases as oxygen and carhon dioxide in the water
approaches zero. These non-condensible gaces
therefore are liberated from the water and are

swept to the vent of the deaerating tank by the.

flow of steam. Since a considerable flow of steam
Is required to sweep the gases out of the deasrat-
ing tenk, it is the customary practice in conven.
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tional deaerating heaters to induce this flow by _

the use of a vent condenser at the paint at which
the tank is vented. As the steam and the gases
being swept with it pass throuvh the vent ccn-
denser the steam is condensed by the incoming
cold feed-water while the gases escape through
the vent. The obiections to vent condensers are
that they are expensive to construct and to main-
tain, and they increase the size and weight of the
deaerating equipment.

It is among the objects of this invention to
provide a method of deaerating water according
to which substantially all of the steam used in
heating the water is condensed inside the deaerat-
ing tank without employing a vent condenser, and
according to which steam is automatically pre-
vented from escaping from the tank regardless of
pressure variations inside the tank. Other objects
are to provide a deacrating heater which has no
need for a vent condenser and which automatical-
ly regulates the flow of steam-free non-condens-
ible gases from the tank in accordance with pres-
sure changes therein,

In apparatus constructed in accordance with
this invention a spray pipe is mounted inside a
deaerating tank adjacent the entrance to the
vent through which the non-condensible gases
escape. Below this pipe the tank is provided
with an inlet for steam for heating water enter-
ing the tank through the spray pipe. The pipe
is positioned to spray a curtain of water across
the entrance to the vent in order to separate the
steam from the vent. 'The water curtain need
not be a sclid sheet of water, but may be formed
from a series of laterally spaced sprays that are
close enough together so that steam will not pass
between them and create cross flows. The flow or
in-rush of steam toward the curtain earries with
it the non-condensible gases which were released
by the heating, since they can not fiow counter-
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current to the large, sweeping flow of steam. This
curtain is so related to the gas vent entrance that
the gases liberated from the heated water can
enter the vent only by passing through a limited
portion of the water curtain, and this portion is
an area of the curtain where substantially all of
the steam reaching that area is condensed before
it can pass through the curtain. Consequently,
nothing but non-condensible gases pass through
the water curtain into the vent. The area of the
curtain that closes the vent entrance is in the
coldest part, or nearly the coldest part, of the
curtain, which is adjacent the spray pipe. The
bo'ndaries of this area are defined by the walls
of the opening that gives access to the vent., Ar-
riving at this area, the coldest spot in the heater,
no further flow is induced by temperature dif-
ferences or condensation. To bleed off the non-
condensible gases carried to the entrance to the
vent, a lower pressure is maintained within the
vent. To avoid a pressure drop across the curtain
to the vent great enough to blow water and steam
out throueh the vent, means is provided for main-
taining the pressure drop at the minimum neces-

25 sary for bleeding off the non-condensible gases.

This may be accomnplished by restricting the out-
let of the vent, preferably by s valve so that the
amount of restriction can be changed to compen-
sate for changes in pressure inside the tank.
Most suitably the valve is automaticslly controlled
by pressure variations inside the tank so as to
majintain the pressure drop across the curtain
substantially constant regardless of those varia-
tions in pressure,

The preferred embodiment of the invention is
illustrated in the accompanying drawings in
which Fig. 1 is a vertical section through my de-
aerating heater: Fig. 2 is a frazmentary vertical
section turned 90° from the section in Fig, 1; and
Tig. 3 is an enlarged vertical section through the
control valve on top of the tank,

Referring to Fig. 1 of the drawings, a deaerat-
ing tank { is provided in its central portion with
the usual heating and deaerating trays 2. the de-
tails of which are not shown because they may
be of any conventional form. Cold boiler feed-
water enters the upper end of the tank and
trickles down through the trays while steam, ad-
mitted through an copening 3 in the side of the
tank, flows upwardly through the water in contact
with it for heating it. In place of trays 2, the
water could be heated by spraying steam into it,

‘as is well known. The bottom of the tank forms

a storage section or reservoir for water that has
been heated in the tank, and the tank is provided
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with an outlet 4 from which the water is pumped
to boilers. The usual automatic conirols (not
shown) may be provided.

Mounted in the tank above the top iray is a
vertical cylinder § that is spaced from the side
and top of the tank and that has a bottom wall
provided with a large central opening T above
which a rectangular plate 8 is supporied by up-
right end plates 8. At the opposite ‘sides of this
opening there are serrated or notched strips 8@
by which the filow of water over the sides of the
opening is distributed throughout the length:of
those sides. 'The cylinder may be supported from
the side of the tank by circumierentially spaced
members 11, Extending downward a shorf dis-
tance into this cylinder from the top of the tank
is a cylindrical haffle {2 inside of which two spaced
pair of parallel straight bafies 15 and {4 are
secured to the top of the tank. The cold feed-
water enters one side of the tank and is con-
ducted diametrically across it through a hori-
zontal- spray pipe (6 disposed above .plate §-:as
shown in Figs. 1 and 2. 'This pipe is provided
with two parallel rows of closely spaced jets - §7

extending along it for spraying the water in twe

sheets upwardly and outwardly in opposite direc-
tions against the straight and cylindrical bafies.
The water flows from these baffles down into cyl-
inder § and out through its bottom- opening and
onto the top tray 2. Theupper wall of the spray
pipe between the two rows of jets preferably is
flat and may be covered by a flat plate {8 that
projects a short- distance laterally from the pipe
to control the -upper sides of-the two.sheets of
water so that they will not spray up-into the vent:
aboutto be described.

The center of the top of the tank is provided
with an cpening in which a short vertical-vent
pipe 29 is mounted. The lower end of this pipe
communicates with: the top of a narrow gas-
receiving hood 2{ extending herizontally across
the tank directly above the spray pipe to which
it is parallel. . The bottom of this receiver or hood
is provided with a long rectangular opening which
forms. the entrance to the vent. . The lower side
edges of the hood, which form.opposite sides -of
the vent enirance, are so positioned relative to
the spray jets in the pipe that the sheets of water
issuing therefrom flow outwardly -across - those
edges and thereby form a water curtain that closes
the entrance to the vent. It will.be cbserved that
it.is this part of the curtain of water that -has
the lowest temperature because it is-closest to
the spray pipe where the water is coldest, so the
released. non-condensible -gases will be concen-
trated in this zone.

Tn accordance with this invention the distance
from the pipe that the vent entrance extends out
along the water curtain is limited to-an areaof
the curtain that will eondense substantially all
of the steam reaching it before any steam can
pass through the curtain. In-other words, the
distance between each row- of spray pipe jets and
the adiacent lower side edge of gas=receiving hood
24 ig quite-small. If this distance were great, by
the time the water reached the lower side. edges
of the gas receiver its temperature would have
been increased to such a point that the flow of
steam -and non-condensibles near the edges ‘of
the hood would be downwardly toward the colder
spray pipe, thereby inducing cross currents that
would interfere with proper venting of the gases.
That is; with cross flows, more steam. must ‘be
vented in order-to.sweep out the non-condensible
gases. 3 the spray pipe is:too far from
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the hood, the pressure drop required to sweep the
gases collecting around the pipe up to the vent
becomes so great as to draw steam through the
water curtain and into the hood. Diffusion of
the gases backwardly in the steam flow will occur
otherwise. 'The coidest part of the water curtain
is thie end point of steam condensation, and unless
this is the onlyrares of the curtain that separates
the steam from the vent, cross flows will develop
which wili require venting of steam in order to

- :sweep out the non-condensible gases,

_1f. the.angle between the diverging sheets of
water were changed from that shown, the width

. of the vent entrance would have to be changed

=15

-aecordingly in order for its side edges to be located

the same distance from the spray pipe as beiore.

. The distance between the spray pipe and the
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lower edges of the hood will not he the same for

. all-instaliations, the proper distance for any

given tank depending on the water temperature
and the water and sieam pressures employed in
the tank.

Even with a restricted entrance to the vent
closed by a curtain of water, if there is a severe
pressure..drop across. the portion of the curtain
closing. the entrance, the rush of steam to that
area will be so great that it may blow some of
the steam and water out of the vent. To prevent
this from happening, the pressure drop across the
curtain af the vent entrance is controlled 5o that
it will be no more than encugh to:cause the non-
condensible gases to flow into hood 2{ from which
they are bled off to the atmosphere. This: is
accomplished by restricting the outlet of the vent,
preferably. controliably by means of a valve - 22,
¢o.that: the .pressure in the hood will be held
nearly as.high as that inside the rest of the tank.
This valve can be automatically controlled by the
pressure .inside the tank in order to further re-
strict the passage through the valve as the pres-
sure in the tank .increases. 'This. will raise the
pressure.in the hood and thereby keep the - pres-
sure -drop -into. the hood. substantisliy constant.
To- equalize. the pressure drop along. the length
of the hood a horizontal baffle plate 23 is mounted
incide the hood with its sides spaced therefrom.

As.shown in Fig. 3, the body of the valve is
serewed .into the top of vent pipe 28, and is pro-
vided at its lower end with-an inlet passage 25
communicating with an outlet 24 open to atmos-
phere. .-Above the inlet is.an axial hore in which
2 valve-stem 26 is slidably mounted. The lower
end of this stem is-tapered to fit on a valve seab
at the top of theinlet passage. The upper end
of the stem is secured to the center of a flexible
diaphragm 21 extending across & chamber 28 in
the valve-body.  This diaphragm is urged up-
wardly by a coil spring 29 on the stem cormpressed
between the diaphragm and the bottom of a recess
31 encircling the upper portion of the stem. This
recess is connected by a pipe 32 to the top of vent
pipe 20. - Another pipe 3% connects the top of
chamber 28 with the top of the tank ai one side
of “the vent pipe.

When this deaerating heater is operating, fluid
pressure-in the tank acts through pipe 32 to force
diaphragm 27 down against the resistance of
spring 29 -and thereby moves the valve stem
toward its-seat. This resiricts the fluid passage
through the valve so that the pressure in hood
21 and-vent pipe 28 is built up. This pressure,
acting through'pipe 32, keeps the diaphragm from
vending down far enough to close the valve. The
parts ‘of the-valve are so proportioned that the

* desired pressure difference will- be maintained
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between the inside of hood 21 and the inside of
the tank surrounding it. If the pressure in the
tank increases, valve stem 26 will be moved down-
wardly still further, thereby further restricting
the valve passage and increasing the pressure
in the hood so that the pressure drop intc the
hood will remain substantially constant. A reduc-
tion of pressure in the tank will aliow spring 2§
to move the valve stem upwardly, thus opening
the valve wider and reducing the pressure in the
hood to the point where the pressure drop into
1t will be the same as before., The valve therefore
automatically regulates the vent so that it will
bass a controlled amount of gases under varying
pressure conditions inside the tank.

According to the provisions of the patent stat-
utes, I have explained the principle and mode of
operation of my invention and have illustrated
and described what I now consider to represent
its best embodiment. However, I desire to have
it understood that, within the scope of the ap-
pended claims, the invention may be practiced
otherwise than as specifically illustrated and
described.

Iclaim:

1. In the method of deaerating water by heat-
ing it with steam in a tank having a vent for es-
cape of non-condensible gases in the water, the
steps comprising introducing said water into the
tank in the form of a curtain, and separating the
steam from the vent by means of only the coldest
area of said water curtain which condenses sub-
stantially all of the steam reaching it before any
steam can pass through the eurtain.

- 2. In the method of deaerating water by heat-
ing it with steam in a tank having a vent for es-
cape of non-condensible gases in the water, the
steps comprising introducing said water into the
tank in the form of a curtain, separating the
steam from the vent by means of o1y the coldest
area of said water curtsin where substantially all
of the steam reaching that ares is condensed be-
fore it can pass through the curtain, and main-
taining the pressure drop across said area of the
curtain at the minimum necessary for bleeding
off the non-condensible gases that have passed
through it.

3. In the method of deaerating water by heat-
ing it with steam in g tank having a vent for es-

cape of non-condensible gases in the water, the

steps comprising introducing said water into the
tank in the form of a curtain, separating the
steam from the vent by means of said water cur-
ta'n, restricting the portion of the curtain through
which all of said gases must Ppass in order to en-
ter the vent to the coldest area where substan~
tially all of the steam reaching that areg is con-
densed before it can pass through the curtain, re-
stricting the vent to hold the Pressure drop across
said portion of the curtain at the minimum neces-
sary for bleeding off the non-condensible gases
that have passed through it and varying said vent
restriction in accordance with bressure variations
inside the tank, whereby to maintain said pres-
sure drop substantially constant.

4. A deaerating heater comprising a deaerat-
ing tank having a vent for escape of non-conden-
sible gases, and a spray pipe inside the tank ad-
jacent the entrance to the vent, the tank being
provided below the spray pipe with an inlet for
steam, said pipe being adapted to be connected to
a source of water outside the tank and being po-
sitioned to spray a curtain of water across said
vent entrance to separate the steam from the
vent, the entrance to the vent being restricted and
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being closed by the coldest part of said water cur-
fain next to the pipe, and the distance said vent
entrance extends out along said coldest part of
the curtain being limited to an area of the cur-
tain having substantially uniform temperature so
that substantially all of the steam reaching that
area is condensed before it can pass through the
curtain.

5. A deaerating heater comprising a deaerating
tank having a vent in its top for escape of non-
condensible gases, a horizontal hood extending
across the inside of the tank with its top com-
municating with said vent, the bottom of the hood
being provided with a long narrow opening form-
ing the entrance to the vent, and a spray pipe in
the tank extending lengthwise of said hood open-
ing and adapted to be connected to a source of
water outside the tank, the tank being provided
below the spray pipe with an inlet for steam, said
pipe being located close to said hood and posi-
tioned to spray a-curtain of water across said
hood opening to separate the steam from the vent,
and said opening being narrow enough to confine
it to the coldest area of the curtain which will
condense substantially all of the steam reacking
it before the steem can pass through the curtain.

6. A deaerating heater comprising a deaerating
tank having a vent in its top for escape of non-
condensible gases, s horizontal hood extending
across the ins'de of the tank with its top com-
municating with said vent, the bottom of the
hood being provided with a long narrow opening
forming the entrance to the vent. and a spray
pipe in the tank extending lengthwise of said
hood opening and adepted to be connected to a
source of water outside the tank, the tank being
provided below the spray pipe with an inlet for
steam. said pipe being located close to said hood
below the center of its cpening and being pro-
vided with two sets of closely spaced spray iets for
spraying sheets of water outwardly across the op-
posite side edges of =aid hood ope~ing to form g
curtain of water closing said opening, and the
width of said water curt2in between said opposite

5 edges of sald opening being sma’l enovgh that

substantially all of the steam reaching that area
of the curtain will be condensed before it can
pass through the curtain.

7. A deaerating heater comprising a deaerating
tank having a vent in it top for esczpe of non-
condensible gases, a horizontal hood extending
across the inside of the tank with its top com-
municating with said vent, the hottom of the
hood being provided with a, long narrow opening
forming the entrance to the vent, and a spray
pipe in the tank extending Iengthwise of said hood
opening and adapted to be connected to a source
of water outside the tank, the tank being provided
below the spray pipe with an inlet for steam, said
bipe being located close to said hood below the
center of its opening and being provided with two
sets of closely spaced spray Jjets for spraying
sheets of water ocutwardly across the opposite side
edges of said hood opening fo form g curtain of
water closing said opening, and the distance be-
tween the hood and said pipe being small enough
that the pressure drop inte the hood reguired for
venting non-condensible gases from close to the
pipe will be insufficient to vent an appreciable

0 amount of steam with the gases.

8. A deaerating heater comprising o deaerating
tank having a vent in its top for escape of non-
condensible gases, a horizontal hood extending
across the inside of the tank with its top com-
municating .with said vent, the bottom of the
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hood being provided with a long narrow opening
forming the entrance to the vent, a- horizontal
bafle member mounted in the hood above the
center of said opening and extending Jengthwise
of it, and a spray pipe in the tank extending
Jengthwise of said hood opening and adapted to
be connected to a source of water outside the
tank, the tank being provided below the spray
pipe with an inlet for steam, sald pipe being lo-
cated close to said hood and positioned to spray
a curtain of water across iis opening to separate
the steam from the vent, and said opening being
narrow enough to confine it to an area of the
curtain where substantially all of the steam
reaching that area is condensed hefore it can pass
through the curtain,

0. A deaserating heater comprising a deaerating
tank having o vent for escape of non-condeunsible
zases, 8 spray pipe inside the tank adjacent the
entrance to the vent, the tank being provided
helow the spray pipe with an inlet for stean,
said pire being adapted to be connected to a
source of water outside the tank and heing posi-
tioned to spray s curtain of water across said
vent entrance to separate the steam from the
vent, the entrance to the vent being restricted
and being confined to the coldest portion of said
curtain next to the pipe where substantially oll
of the steam reaching that portion is condensed
before it can pass through the curtain, and means
for maintaining the pressure drop Aacross said
portion of the curtain at the minimum necessary
for bleeding off the non-condensible gases that
have passed through it.

10. A deaerating heater comprising a deaerat-
ing tank having a vent for escape of non-con-
densible gases, a spray pipe inside the tank ad-
jacent the entrance to the vent, the tank being
provided below the spray pipe with an inlet for
steam, said pipe being adapted to be connected
to a source of water outside the tank and heing
positioned to spray a curtain of water across said
. vent entrance to separate the steam from the
vent, the entrance to the vent being confined *o
the co'dest portion of said curiain where sub-
stantially all of the steam reaching that vortion
is condensed before it can pass through the cur-
tain. and a throttling valve restricting the cutlet
of the vent to hold the pressure drop across said
portion of the curtain at the minimum nhecessary
for bleeding off the non-condensible gases that
have passed through it.

11. A deaerating heater comprising a deaerat-
ing tank having a vent for escape of non-con-
densible gases. a spray pive inside the tank ad-
jacent the entrance to the vent. the tank bheing
provided below the spray pive with an inlet for
steam, said pipe being adapted to be connected
to a source of water outs'de the tank and being
positioned to spray a curtain of water across said
vent entrance to separate the steam from the
vent, the entrance to the vent being confined to
a portion of said curtain where substantially all
of the steam reaching that portion is condensead
hefore it can pass through the curtain, a valve
restricting the outlet of the vent to hold the pres-
sure drop across said portion of the curtain at
the minimum necessary for bleeding off the non-
condensible gases that have passed through if,
and means controlled by the pressure in the tank
for regulating said valve whereby to maintain
said pressure drop substantially constant regard-
less of pressure variations in the tank.

12. A deaerating heater comprising a deaerat-~
ing tank having a vent for escape of non-con-
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densible gases, s spray pipe inside the tank ad-
jacent the entrance to the vent, the tank being
provided below the spray pipe with an inlet for
steam, said pipe being adapted to be connected
to 2 source of water cutside the tank and being
positioned to spray a curtain of water across said
vent entrance to separate the steam from the
vent, the entrance to the vent being confined to
a portion of said curtain where substantially all
of the steam reaching that portion is condensed
before it can pass through the curtain, a movable
valve member for restricting the outlet of the
vent, o spring urging said member toward wide
open position, a fexible diaphragm connected to
said member, means putting one side of the dia-
phragm in communication with the inside of said
vent to assist the spring, and means putting the
opposite side of the diaphragm in communication
with the inside of the tank outside of the vent to
urge said valve member toward closed position,
whereby the pressure drop from the tank into
the vent can be held at the minimum necessary
for bleeding off non-condensible gases regardless
of pressure variations in the tank.

13, ‘A deserating heater comprising a deaerat-
ing tank having a vent in its top for escape of
non-condensible gases, & horizontal hood extend-
ing across the inside of the tank with its top
communicating with said vent, the bottom of the

' hood being provided with a long narrow opeaing

forming the entrance to the vent, and a spray
pipe in the tank extending lengthwise of said
hoeod opening and adapted to be connected to a
source of waser outside the tank, the tank being
provided below the spray pipe with an inlet for
steam. said pipe being located close to said hood
and being positioned to spray g curtain of water
across the opposite side edges of said hood open-
ing to close it, and the width of the area of said

' water curtain between said opposite edges of said

opening heing small encugh that substantially
all of the steam reaching that area of the curtain
will be condensed before it can pass through the
curtain.

14. A deaerating heater comprising a deaerat~
ing tank having a vent in its top for escape of
non-condensible gases, & hocd inside the tank
with its ton communicoting with said vent, the
bottom of the hood being provided with a re-
stricted opening forming the entrance to the vent,
and 2 spray pipe in the upper portion of the tank
adapted to be connected to a source of water
outside the tank, the tank being provided below
the spray pipe with an inlet for steam to heat
water delivered by the snray pipe, said pipe being
Jocated close to the center of said hoed opening
and being provided with spray jets for spraying
a curtain of water outwardly across the edze of
said opening to close it, and the width of the area
of said water curtain clesing said opening being
materially less than the inside width of said hood
and small enough that substantially all of the
steam reaching that area of the curtain will be
condensed before it can pass through the curtain.

15. A deaserating heater comprising a deaerat-
ing tank having a vent in its top for escape of non-
condensible gases, a hood inside the tank with
its top communicating with said vent, the bottom
of the hood being provided with a restricted
opening forming the entrance to the vent, and a
spray pipe in the upper portion of the tank
adapted to be connected to a source of water out-
side the tank. the tank being provided below the
spray pive with an-inlet for steam to heat water
delivered by the spray pipe, said pipe being 1o~
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cated close to the center of said hood opening
and permanently closing the central portion of
said opening to restrict its effective ares still
more, said pipe being provided with spray jets
for spraying a curtain of water outwardly across
the edge of said opening to close it, and the width
of the area of said water curtain closing said
opening being materially less than the inside
width of said hood and small enough that sub-
stantially all of the steam reaching that area of
the curtain will he condensed before it can pass
through the curtain,

16. A deaerating heater comprising a deaerat-
ing tank having a vent in its top for escape of
non-condensible gases, a spray pipe in the upper
portion of the tank adapted to be connected to a
source of water outside the tank, the tank being
provided below the spray pipe with an inlet for
steam to heat the water delivered by said pipe and
liberate non-condensible gases, and a gas receiver
mounted in the upper portion of the tank in com-
munication with said vent and having a narrow
inlet opening through which there is a slight pres-
sure drop from the tank into the receiver, said
pipe being provided with a plurality of closely
Spaced spray jets in position to spray g curtain
of water across said narrow inlet opening to close
it with the coldest vart of the water curtain in
order to separate the steam from the inside of
the receiver, and the width of the receiver inlet
opening being narrow enough to restrict flow
through the opening to non-condensible gases
free of an appreciable amount of steam.

17. A deaerating heater comprising a deaerat-

ing tank having a vent in itg top for escape of non- =

condensible gases, a spray pipe in the upper por-
tion of the tank adapted to be connected to a
source of water outside the tank, the tank bheing
provided below the spray pipe with an inlet for

steam to heat the water delivered by said pipe and .

liberate non-condensible gases, and a gas receiver
mounted in the upper portion of the tank in com-
munication with said vent and having a narrow
inlet opening through which there is a slight pres-

sure drop from the tank into the receiver, said 45

o
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bipe being provided with a plurality of closely
spaced spray jets below the receiver in position
to spray a curtain of water across the edge of said
harrow inlet to close it with the coldest part of
the water curtain in order to separate the steam
from the inside of the receiver, and the width of
the receiver inlet opening being only great enough
to pass non-condensible gases free of an appre-
ciable amount of steam.

18. A deaerating heater comprising g deaerat-
ing fank having a vent in its top for escape of
non-condensible gases, a spray pipe in the upper
portion of the tank adapted to be connected to a
source of water outside the tank, the tank being
brovided below the spray pipe with an inlet for
steam to heat the water delivered by said pipe and
liberate non-condensible gases, and a gas receiver
mounted in the upper portion of the tank in com-
munication with said vent and having a narrow
inlet opening through which there is a slight, pres-
sure drop from the tank into the receiver, said
pipe being provided with g plurality of closely
spaced spray jets below said narrow inlet open-
ing in position to spray a curtain of water out-
wardly across the edge of said opening to close
it with the coldest part of the water curtain in
order to separate the steam from the inside of
the receiver, and the width of the receiver inlet
opening being only great enough to pass non-con-
densible gases free of an appreciable amount of

steam. .
CARL HUGO BERGQUIST.
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