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INTEGRAL DEAERATOR FOR A
HEAT PIPE STEAM CONDENSER /

FIELD AND BACKGROUND OF THE INVENTION

The invention relates generally to the field of degasifying boiler feedwater used for
steam generation, and in particular to an integrated deaerator for a heat pipe steam condenser.

Deaerators are part of the condensate storage system of a Rankine thermodynamic
steam cycle, electric power plant. Deaerators are usually located downstream of a condenser
unit, and conventionally, they are stand-alone components connected to the steam condensing
and storage system of the power plant. |

Deaerators are used to degasify boiler feedwater and thereby reduce equipment
corrosion. Deaerators are also used to heat the feedwater regeneratively, thus improving the
thermodynamic cycle efficiency of the power plant.

The steam condenser, which typically o;;f;rates at vacuumn pressures, is the first stage

of deaeration, where non-condensible gases are separated from the condensing steam and
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are separ at ed bé&@t&@%pﬁ%@ﬁ?%lzﬂ%gﬁk? 3McB8d condensate to near the saturation point,
where the gas solubility in the liquid approaches zero. After or during heating, gases are
removed by mechanically agitating the liquid through trays or sprays. In order for mechanical
agitation to be effective, the vapor/liquid interface surface area must be large to provide a
. means for the gas to escape.

The most important benefit of a deaerator is the elimination of condensate subcooling
that occurs in conventional steam condensers, in particular air-cooled vacuum steam
condensers. Subcooled condensate is unavoidable since a drop in steam pressure occurs in
the thousands of small, finned tubes used for condensation in an air-cooled condenser. The
pressure drop reduces the condensate saturation temperature and pressure. Thus, the
condensate temperature drops below the initial steam saturation temperature.

Examples of deaerators can be found in U.S. Patent No. 5,203,286, which teaches a
steam deaerator having two columns between a steam inlet and a feed water holding tank.
The two column arrangement creates a counter current flow for passing steam and water
therethrough in order to deacrate it. This deaerator is a stand-alone system and is not
integrated with the pipe supplying steam to the vacuum steam condenser as in the present
invention.

U.S. Patent No. 5,405,435 discloses a deaerator unit using gravity to assist the
circulation in the system. Water enters the upper scrubbing section of the unit and passes
through into a lower section having a monitored water level, while steam passes from the
lower section to the upper section for venting from the system. The deaerator does not
require a transfer pump to effect the deaeration of water, and it is not integrated with steam
ducts.

Conventional condenser systems require a separate deaerator/condensate storage tank
from the heat exchange unit because of different operating pressures. Conventional designs,

with an elevated main steam duct, thousands of condenser tubes, lower drain pots, and water

rates vacuum



- 2- continuously purged fromthe system However, subcooling the liquid
to any extent in the condenser results in sonme gas being dissolved in the
i quid. The deaerator is designed to renove as nuch of this dissolved gas
as possible. Dissolved gas remaining in the liquid after treatnment by the
deaerator is renpved by a boiler water ctBemcal treatnent system
Deaerators operate by heating the subcool ed condensate to near the
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condenser. Several integrated deaerators are used along the length of a main steam duct to
connect multiple heat pipe steam ducts to the main steam duct.

Each integral deaerator has a riser extending vertically from the main steam duct and
ending in a riser cap. A heat pipe steam condenser steam duct extends approximately
perpendicular from both the longitudinal axis of the main steam duct and the vertical axis of
the riser. The heat pipe steam condenser steam duct has a drain proximate the riser wall in
the Jower portion of the heat pipe steam condenser steam duct. A weir blocks the lower
portion of the heat pipe steam condenser steam duct from communicating directly with the
interior of the riser. |

Steam condensate must travel through the drain in each steam condenser steam duct
to a distribution manifold located between the main steam duct and the heat pipe steam
condenser steam duct entry in the riser. The condensate steam is ejected through spray pipes
in the distribution manifold over an optional condenser tray located above the main steam
duct. A drain boot leading to a feedwater pump is located in the lower portion of the main
steam duct.

The various features of novelty which characterize the invention are pointed out with

particularity in the claims annexed to and forming a part of this disclosure. For a better



through into a | ower section having a nonitored water |evel, while steam
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used i n tEefsEed embgdimentipfdheinventionsissbistretedn is nore  costly than
I ntegrating the deaerator into the condensi ng system steam pi pi ng accordi ng
to the present invention. SUMMARY OF THE | NVENTI ON It is an

obj ect OfBRIFF DESCRIPTIONEOF THEIDRAVWIWGIE an i ntegrated deaerator for a
heat pi pe steam condenser which is economcal to use, both in terns of

cost and spacdnihe dravaags:
Fig. 1 is a side elevation sectional view of an integrated deaerator of the present

invention; and

Fig. 2 is a top section view taken along line 2-2 of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, in which like reference numerals have been used to
identify the same or similar elements, Fig. 1 has the integrated deaerator of the present
invention, generally designated 10, connected between main steam duct 40 from a turbine exit
(not shown) and one or more heat pipe steam condenser ducts 30. At the lower end of main
steam duct 40, a drain boot 20 provides a passage to a boiler feedwater pump 25.

Main steam duct 40 is oriented perpendicular to each of the one or more heat pipe
steam condenser ducts 30, and is inclined slightly downwardly toward drain boot 20.

Each heat pipe steam condenser duct 30 is of a type which collects condensate from
the lower end of a plurality of heat pipes (not shown) encased within another section of the
heat pipe steam condenser duct 30. The heat pipe steam condenser duct 30 is slightly
downwardly inclined toward the integrated deaerator 10. '

Integrated deaerator 10 has cylindrical riser 60 connected to a top side of main steam
duct 40 at one end and sealed with riser cap 65 at the other end. A weir 50 is positioned at
the connection between heat pipe steam condenser duct 30 and the side of riser 60. Adjacent
to weir 50, within heat pipe steam condenser duct 30, drain pipe 70 is connected at the
bottom of duct 30.

Drain pipe 70 is attached through riser 60 to distribution manifold 80. Manifold 80
is positioned horizontally within riser 60 above main steam duct 40 and below weir 50. A

plurality of distribution pipes 90 having discharge openings 110 extend horizontally



Accordingly, a deaerator which is integrated with the heat pipe steam
condenser is provided which reduces the total condensing system cost by at
| east 3% and which elimnates the need for a separate condensate tank.
The deaerator of the invention is an integral deaerator for use with a heat
pi pe steam condenser. Several integrated deaerators are used along the

| ength of a main steam duct to connect nultiple heat pipe steamducts to
the mai n steam duct. Each integral deaerator has a riser extending
vertically fromthe main steam duct and _ending in a riser cap. A heat pipe
st eam condenser steam duct extends appr'&Fnately per pendi cul ar from both
the longitudinal axis of the nmain steam duct and the vertical axis . of the
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condensate liquid 100 is prevented from entering riser 60 at the connection between riser 60
and heat pipe steam condenser duct 30 by weir 50. Instead, the liquid 100 must travel
through drain pipe 70 to distribution manifold 80 and distribution pipes 90, where it is
sprayed over tray 120 through discharge openings 110.

As described above, the liquid flow is downward and counter to the high-velocity
vacuum steam flow upward. The steam riser 60 area and vacuum steam velocity are selected
to provide turbulent mixing of the vapor and liquid flows, but prevent large amounts of liquid
100 from being carried upward or flooding the tray 120. The turbulent mixing breaks the
liquid streams from discharge openings 110 into droplets. This provides a large liquid/vapor
surface for both heating of the droplets and deaeration. Gases that are removed from the
liquid are swept into the heat pipe steam condenser duct 30 to the condenser’s air removal
system (not shown).

One or more trays 120 may be positioned below the distribution manifold 80 and pipes
90 to enhance the heating and deaeration of the liquid 100. The trays 120 may be of the
counterflow, disk-and-doughnut, crossflow, or any other known type of tray or packing
(spheres, material, etc.) design used for deaeration. Additionally, the liquid 100 does not have
to be sprayed, but can instead merely be delivered to the trays 120 for effective heating and
deaeration to occur. .

Deaerated condensate then drains into main steam duct 40, and flows toward drain
boot 20 and to feedwater supply pump 25. The main steam duct 40 effectively replaces a
separate condensate tank used in conventional deaerators. Accordingly, the main steam duct

40 is offset below any steam turbines to prevent condensate from flowing to the turbines (not



-4 - understanding of the invention, its operating advantages and specific
objects attained by its uses, reference is nmade to the acconpanyi ng

drawi ngs and descriptive matter in which a preferred enbodi mrent of the
invention is illustrated. BRI EF DESCRI PTI ON OF THE DRAW NGS I n

t he draw ngs: Fig. 1 is a side elevation sectional view of an

I ntegrated deaerator of the present I nvention; and

Fig. 2 is a top section view taken along line 2-2 of Fig. 1. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to the

drawi ngs, in which like reference nuneral s have been used to identify the
sane or simlar elenents, Flg 1 has the Tintegrated deaerator of the
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col I ect spondrasABectf40MIn such a case, the single drain boot 20 may be provided at any

convenient location in main steam duct 40.

Advantages of the invention include the passive nature of its operation; no moving
parts are required, thereby reducing cost and maintenance. Further, the weir 50 and drain 70
create a static pressure head which overcomes the pressure loss experienced at each of the
distribution pipes 90 and discharge openings 110.

Optionally, the discharge openings 110 may be oriented upward or to the side to create
a crossflow of liquid 100, depending on the operating conditions and desired deaeration
configuration within the riser 60. The discharge openings 110 may be simple holes drilled
in distribution pipes 90 or conventional spray nozzles attached to distribution pipes 90.
Alternatively, the drain pipe 70 can be positioned within riser 60, if space permits.

While a specific embodiment of the invention has been shown and described in detail
to illustrate the application of the principles of the invention, it will be understood that the

invention may be embodied otherwise without departing from such principles.



‘the lower end of a plurality of heat pipes (not shown) encased within

anot her section of the heat pipe steam condenser duct 30. The heat pipe

st eam condenser duct 30 is slightly dowwardly inclined toward the

I nt egrat ed deaerator 10. I nt egrated deaerator 10 has cylindrical
riser 60 connected to a top side of main steam duct 40 at one end and
sealed with riser cap 65 at the other end. A weir 50 is positioned at the
connection between heat pipe steam condenser duct 30 and the side of riser
60. Adjacent to weir 50, within heat pkfile steam condenser duct 30, drain
pipe 70 is connected at the bottom of duct 30. Drain pipe 70 is
attached through riser 60 to distribuwidmssani fold 80. Manifold 80 is
positioned horizontally within riser 60 above main steamduct 40 and bel ow
weir 50. A plurality of distribution pipes 90 having di scharge openings 110

extend herd zopsal ly
5- perpendicular to the manifold 80. A tray 120 nay be positioned betvveen

mani fol d 80 and pi [Aexsin&?raﬂrdiaérb@r tfoa Beat Pibestedre @bndbnedr cbehpribhig:tray 120
provides addit] onala msalijxg stgacrrel d?lrcte gnented substantially longitudinally, and having a top and
a bottom;
an heat pipe steam condenser duct oriented substantially longitudinally having
a riser opening at one end;
a riser connecting the main steam duct and the heat pipe steam condenser duct,
the riser connected at the riser opening and the top of the main steam duct;
a weir positioned at the riser opening;
drain means for draining a condensate from within the heat pipe steam
condenser duct; and

distribution means connected to the drain means for distributing the condensate

within the riser.

2. An integral deaerator according to claim 1, further comprising at least one

drain boot connected to the bottom of the main steam duct for draining condensate.

3. An integral deaerator according to claim 2, further comprising steam means for

providing steam to the main steam duct.

4. An integral deaerator according to claim 1, wherein the distribution means
comprises a distribution header connected to said drain means and plurality of distribution

pipes each having a plurality of openings connected to said distribution header.

5. An integral deaerator according to claim 4, wherein the plurality of openings

are oriented downwardly.
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to allow for intimte contact between steamflowing in main steam duct 40
upt hrough tray 120 and condensed |iquid 100 provided thereabove, and may

t hus advant ageously conpri se chevron type structures or contain packing
material or elenments (spheres, etc.). I n operation, vacuum steam
flows fromthe power plant steamturbine (not shown) to the main steam duct
40 and then flows upwardly through riser 60. Condensate |iquid 100
collected in heat pipe steam condenser duct 30 drains toward riser 60 and
weir 50. The condensate liquid 100 is prevented fromentering riser 60 at

t he connection between riser 60 and heat pipe steam condenser duct 30 by
weir 50. Instead, the liquid 100 nust trguel through drain pipe 70 to
distribution manifold 80 and distribution pipes 90, where it is sprayed
over tray 120 ghrou ﬁmgg
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f 1 ow upwearel orithted sippardly.i ser 60 area and vacuum steam velocity are sel ect ed
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nerely be delivered to the trays 120 for effective heating and deaeration

to occur. Deaer at ed condensat e then dr ai_ns into nain st eam duct 40,
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distribution means.
10.  An integral deaerator according to claim 3, further comprising tray means
containing one of packing elements or material for providing additional surface area to

promote intimate contact between the steam and the condensate.

11.  An integral deaerator according to claim 1, wherein the drain means and weir

are located inside the riser.

12.  An integral deaerator according to claim 1, wherein the heat pipe steam

condenser duct is inclined slightly downward toward the riser.
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40 is offset bel ow any steamturbines to prevent condensate fromflowng to
t he turbines (not

-6 - shown). Additionally, high and | ow condensate |evel nonitors of any
known type may be included in the steam duct 40 for nonitoring the liquid
100 I evel therein. In a large plant, several heat pipe steam

condenser ducts 30 and deaerators 10 are used, with one deaerator 10
connecting each of the heat pipe steam condenser ducts 30 to the nain steam
duct 40. In such a case, the single draig.boot 20 may be provided at any
conveni ent location in main steam duct 40. Advant ages of the

i nvention include the passive nature of its operation; no noving parts are
required, thereby reducing cost and mai ntenance. Further, the weir 50 and
drain 70 create a static pressure head which overcones the pressure |oss
experienced at each of the distribution pipes 90 and di scharge openi ngs

110. Optional ly, the discharge openings 110 may be oriented upward
or to the side to create

INTEGRAL DEAERATOR FOR A HEAT PIPE STEAM CONDENSER

ABSTRACT

An integral deaerator for a heat pipe steam condenser has a main steam duct connected
to a heat pipe steam condenser duct by a riser. The heat pipe steam condenser duct is
inclined slightly toward the riser and a weir is positioned at the connection between the riser
and heat pipe steam condenser duct to prevent condensate from draining directly into the
riser. The heat pipe steam condenser duct has a drain for draining a condensate from within
the heat pipe steam condenser duct to a distribution header for distributing the condensate
within the riser. Steam is provided to the main steam duct for condensation in the heat pipe
steam condenser and while in transit, the steam heats and deaerates the condensate. At least
one drain boot is connected to the bottom of the main steam duct for draining deaerated

condensate.

Fig. 1



‘a crossflow of liquid 100, depending on the operating conditions and
desired deaeration configuration within the riser 60. The di scharge
openings 110 may be sinple holes drilled in distribution pipes 90 or
conventional spray nozzles attached to distribution pipes 90.
Alternatively, the drain pipe 70 can be positioned within riser 60, if

space permts. Wil e a specific enbodi nent of the invention has been
shown and described in detail to illug ate the application of the
principles of the invention, it will De understood that the invention may
be enbodi ed ot herwi se w thout departing from such principles.
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an heat pipe steam condenser duct oriented substantially |ongitudinally

having a riser opening at one end; a riser connecting the
mai n st eam duct and the heat pipe steam condenser duct, the riser connected
at the riser opening and the top of the main steam duct; a

weir positioned at the riser opening;

drain neans for

draining a condensate fromw thin the/eat pipe stf SCS RE SP‘E ; and
di stribution neans connected to the drain nmeans fof @ﬂ?&@
condensate within the riser. 2. An int ggral or arcordlng

to claim1, further conprising at |east one drain boot connected to the
bottom of the main steam duct for draining condensate. 3. An
integral geaerator according to claim2, further conprising steam neans for

provi di ngf steamto the main steam duct. 4,

An integral

deaeratorfaccording to claim1l, wherein the distributjion neans conprises a
di stribut) on header connected to said drain neans angl plurality of

di stribut}j on pipes each having a plurality of open

ngs connected to said

di stributj on header. EJO An integral deaefator according to

claim4, mwherein the plur

xty of openings are ori enxqimlovmwar dly.
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- 8- 6. An i'ntegral deaerator according to claimd4, wher@fire® Rie

plurality of openings are oriented upwardly. 7. An I nt egral
deaerator according to claim®6, wherein the plurality of openings conprise
nozzl es. 8. An integral deaerator according to claim4, wherein

the distribution neans further conprises one of a counterfl ow,
di sk- and- doughnut and crossflow tray positioned wthin the riser below the
di stribution pipes. 12
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- 9. An integral deaerator according to claim3, further conprising one of
a counterflow, disk-and-doughnut and crossflow tray positioned wthin the
ri ser below the distribution neans. 10. An integral deaerator
according to claim3, further conprising tray means contai ning one of

packi ng el ements or material for providing additional surface area to
pronote intimate contact between the steam and the conpgenseate: 11.
An-integral deaerator according to claim1, wherein thp REPARGEMENTNSHEET
weir are located inside the riser. 12. An int ggrardeaeratqr
according to claim 1, wherein the heat pipe steam condensarn ﬂﬂ?tw‘ﬁ
i nclined slightly dowmward toward the riser. L_
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