EP 0 794 401 A2

(19) p)

Européisches Patentamt
European Patent Office

Office européen des brevets

(11) EP 0794 401 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
10.09.1997 Bulletin 1997/37

(21) Application number: 97300956.6

(22) Date of filing: 14.02.1997

(51) Intcle: F28B 1/06

(84) Designated Contracting States:
DEESFRGBIT

(30) Priority: 06.03.1996 US 610567

(71) Applicant: Hudson Products Corporation
Houston, Texas 77036-3321 (US)

(72) Inventors:
¢ DeBellis, Crispin Lawrence
North Canton, Ohio 44720 (US)

¢ Giammaruti, Robert Joseph
Katy, Texas 77494 (US)

¢ Strock, Thomas Wayne
Canton, Ohio 44718 (US)

¢ Wahle, Harold Walter
Nort Canton, Ohio 44718 (US)

(74) Representative: Pilch, Adam John Michael et al

D. YOUNG & CO.,
21 New Fetter Lane
London EC4A 1DA (GB)

(54) Steam condensing apparatus

(57)  An air-cooled steam condenser (30) also uses
heat pipe technology so as to provide steam tubes that
are freeze proof under any ambient conditions, and of-
fering a simple approach to the management of non-
condensable gases. Steam flows through the main con-
denser (32) with concurrent steam and condensate flow
downwards. The heat transfer surface area and fan air
flow are designed such that all of the steam does not
completely condense, and steam vapour continuously
exits each tube row. This continuous flow of steam va-

pour purges these tube rows of noncondensable gases.
The excess steam flows into the lower header (34) to a
secondary condenser section (36) that utilizes heat
pipes (48). In the secondary condenser section (36), the
excess steam condenses on the evaporator side exter-
nal surface of the heat pipes (48). The noncondensable
gases that remain in the lower header (34) are vented
with an air removal system (52) similar to conventional
condensers. Condensate in the lower header (34) is col-
lected for reuse in the power generation cycle.
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Description

The invention relates to steam condensing appara-
tus, and in particular to such apparatus that combines
the use of steam condensing technology with heat pipe
technology.

Air-cooled steam condensers used in the steam
power-generation cycle are typically arranged in an A-
frame construction with a fan at the base and inclined
condenser tube bundles on each side. Air flows through
the fan and across several sections of the steam con-
denser. The steam inlet is at the top of each bundle and
the vapour and condensate flow concurrently down-
wards. Typically, there are four rows of tubes in each
condenser bundle. As air flows through the four rows,
the air temperature increases and the temperature dif-
ference between the condensing steam and air de-
creases. The lowertemperature difference for each suc-
cessive tube row resulis in less condensation. Since the
condensate and steam flows are lower for each succes-
sive tube row, the two-phase flow pressure drop is also
lower for each tube row. If the tube rows discharge into
a common rear header, the differences in tube row exit
pressures are resolved by steam and noncondensable
gases in the rear header entering the ends of the tube
rows that have a lower pressure. Since the lower tube
rows have lower exit pressures, they have steam enter-
ing both ends and, over time, noncondensable gases
collect in the tubes. These pockets of noncondensable
gases block local steam flow, allowing condensate to
freeze during cold weather, which can result in tube rup-
ture. Noncondensable gases are normally vented from
the rear header with vacuum pumps or air ejectors. To
overcome this problem, the classical solution has been
to design for excess steam flow through each tube row.
The excess steam prevents the accumulation of non-
condensable gases and maintains condensate temper-
atures above freezing. This excess steam, typically
twenty to thirty-three percent of the total steam flow, is
condensed in a secondary or vent condenser. The typ-
ical vent condenser is a dephlegmator (reflux condens-
er) which has steam flow up an inclined tube, conden-
sation on the tube walls, and drainage of the condensate
downwardly. The noncondensable gases flow upwards
out of the tube and are removed by vacuum pumps or
air ejectors. Steam condenser freezing problems have
also been overcome in the past through the use of heat
pipes. Heat pipes were used to condense steam. The
steam was passed over the evaporator side of the heat
pipes and condensed while ambient air was forced over
the condenser side of the heat pipes. The condensate
was collected at the bottom of the steam duct and re-
turned to the boiler for reuse. These approaches are
subject to some limitations and do not necessarily offer
a simple approach to the management of nonconden-
sable gases.

Aspects of the invention are set out in claims 1, 7
and 10.
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Embodiments of the invention provide an air-cooled
steam condenser that also uses heat pipe technology
s0 as to be freeze proof under any ambient conditions,
and offering a simple approach to the management of
noncondensable gases. Steam flows through the main
condenser with concurrent steam and condensate flow
downwardly. The heat transfer surface area and fan air
flow are designed such that, over the range of operating
conditions, all of the steam does not completely con-
dense and vapour continuously exits each tube row.
This continuous flow of steam vapour purges these rows
of noncondensable gases. The excess steam flows into
the lower header to a secondary condenser section that
utilizes heat pipes. In the secondary condenser section,
the excess steam condenses on the evaporator side ex-
ternal surface of the heat pipes. The noncondensable
gases that remain in the lower header are vented with
an air removal system similar to that of conventional
condensers. Condensate in the lower header drains to
a condensate tank for reuse in the power generation cy-
cle.

For a further understanding of the nature of the
present invention, reference should be made to the fol-
lowing description, taken in conjunction with the accom-
panying drawings in which like parts are given like ref-
erence numerals, and wherein:

Figure 1 illustrates a previously-proposed air-
cooled steam condenser;

Figure 2 illustrates another previously-proposed
air-cooled steam condenser;

Figure 3 illustrates a further previously-proposed
air-cooled steam condenser;

Figure 4 illustrates an embodiment of the invention;
Figure 5illustrates an alternative embodiment of the
invention;

Figure 6 illustrates another alternative embodiment
of the invention;

Figure 7 is a sectional view that illustrates one of
the heat pipes used in apparatus embodying the in-
vention;

Figure 8 is a sectional view of an alternative embod-
iment of a heat pipe that may be used,;

Figure 9 is a sectional view that illustrates an alter-
native embodiment of the lower steam header; and
Figure 10 is a view taken along lines 10-10 in Figure
9.

As seen in Figure 1, air-cooled steam condensers
are typically arranged in an A-frame construction with a
fan 10 at the base and inclined condenser tube bundles
12 on each side. Air flows through the fan 10 across sev-
eral sections of the steam condenser. Steam from a
steam turbine 14 is directed to an upper steam header
16 which provides a steam inlet at the top of each bundle
12. The vapour and condensate flow concurrently down-
wards in the bundle 12 to a lower or rear header 18. An
air ejector or vacuum pump 20 is used to vent non-
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condensable gases from the rear header 18. The con-
densate is collected in a tank 22 and directed to con-
densate pumps (not shown) for reuse.

Figure 2 illustrates a previously-proposed solution
to prevent freezing of condensate. The condenser tube
bundle 12 is designed to cause excess steam flow
through each tube row. The excess steam prevents the
accumulation of noncondensable gases and maintains
condensate temperatures above freezing. This excess
steam is condensed in a secondary or vent condenser
24. Thetypical vent condenser 24 is a dephlegmator (re-
flux condenser) which has steam flow up an inclined
tube, condensation on the tube walls, and drainage of
the condensate downwardly. The noncondensable gas-
es flow upwards out of the tube and are removed by vac-
uum pumps or air ejectors.

Figure illustrates another previously-proposed so-
lution to prevent freezing of condensate. Heat pipes 26
are set up in a Y configuration. The evaporator side of
the heat pipes is enclosed in a steam header 28. The
steam is condensed as it passes across the evaporator
side of the heat pipes 26. The condensate is collected
at the bottom of the header 28 and returned to the boiler
for reuse. The fan 10 causes induced air flow across the
condenser sides of the heat pipes to cause cooling and
recondensation of the working fluid contained in the heat
pipes.

One embodiment of the present invention is shown
in Figure 4. A steam condensing apparatus 30 generally
comprises a main condenser 32, a lower header 34, and
a secondary condenser 36.

The main condenser 32 is formed from an upper
steam header 38 and one or more tube bundles 40. The
upper steam header 38 receives steam from a steam
turbine 42 via a line 44 and then directs the steam into
the tube bundles 40. Each tube bundle 40 is similar to
tube bundles generally known and used in the industry
in that several rows of tubes, usually four, are provided
for receiving and condensing steam. The main differ-
ence in the tube bundles of the present apparatus com-
pared to the prior art is that they are not designed to
condense as much of the steam as possible. Instead,
the heat transfer surface area and fan air flow from fans
46 are designed such that, over the range of operating
conditions, all of the steam does not completely con-
dense and steam vapour continuously exits the bottom
of each tube row into the lower header 34. In the pre-
ferred embodiment, sixty-seven to eighty percent of the
available surface area is used in the tube bundles 40.
This surface area, combined with fan air flow, results in
approximately twenty to eighty percent of the steam be-
ing condensed in the main condenser 32. The continu-
ous flow of steam vapour purges the tube rows in the
main condenser 32 of noncondensable gases. The ex-
cess uncondensed steam and noncondensable gases
flow into the lower header 34 and then to the secondary
condenser 36.

The secondary condenser 36 is in fluid communi-
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cation with the lower header 34 and positioned in line
with the main condenser 32. Heat pipes 48 are posi-
tioned in the secondary condenser 36 such that the
evaporator side of each heat pipe is at the lower end of
the secondary condenser 36, and extends into the lower
header 34. The condenser side of each heat pipe is po-
sitioned towards the upper end of the secondary con-
denser 36. In this manner, the uncondensed steam from
the main condenser 32 condenses on the evaporator
side of the heat pipes 48 and flows out of the lower head-
er 34 through a condensate drain 50. Noncondensable
gases are vented off to an ejector 52.

Figure 5illustrates an alternative embodiment of the
invention wherein the main condenser 32 and the sec-
ondary condenser 36 are oriented in a W-shaped con-
figuration instead of an in-line configuration. As above,
the apparatus condenses the excess steam in the sec-
ondary condenser 36. Noncondensable gases are vent-
ed off via lines 54.

Figure 6 illustrates another alternative embodiment
of the invention wherein the main and secondary con-
densers described above are consolidated into a single
condenser 56. The single condenser 56 includes con-
ventional finned tubes 58 that direct steam flow from top
to bottom, and heat pipes 26. As before, the heat trans-
fer surface area and fan air flow are designed such that,
over the range of operating conditions, all of the steam
is not condensed in the tubes 58. The continuous flow
of steam purges the tubes 58 of noncondensable gases.
The remaining steam that exits the bottom of the tubes
58 is condensed by the heat pipes 26 which have their
evaporator side extending below the exit end of the
tubes 58 in the lower header 34. Condensate drains
from the condensate drain 50 to be collected for reuse.
Noncondensable gases are removed via the vent lines
54. Figure 6 illustrates four rows of pipes, with the heat
pipes 26 being the lower or first row. It should be under-
stood that the heat pipes 26 may be positioned in any
row of the tube bundle.

Figure 7 is a detailed sectional view of one of the
heat pipes 26 and the lower header 34. The heat pipes
26 may be fabricated out of straight round, elliptical, or
flat oval tubes that may or may not contain an internal
wick. The heat pipes 26 are sealed at both ends and
contain a predetermined quantity of heat transfer fluid
60 at a predetermined vapour pressure. The fluid used
will depend upon the application and conditions. Exam-
ples of heat transfer fluids used in different heat pipe
applications include, but are not limited to, methanol,
ammonia and freon. The heat transfer fluid 60 normally
resides in the evaporator section 62 of the heat pipe 26.
When heat flows into the evaporator section 62, the heat
transfer fluid 60 vapourizes, removing heat from the
steam and causing condensation thereof, and travels
upwards into the condenser section 64 where the fluid
is cooled and condensed, releasing the fluid heat to the
air flow. The heat transfer fluid condensate returns to
the evaporator section 62 by gravity flow. The condens-
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er section 64 may be provided with fins 66 to provide a
large heat rejection surface area. The fins 66 may be
extruded, embedded, or wrapped aluminium or steel,
and can be solid or serrated depending upon the pres-
sure drop and heat transfer requirements. The heat
pipes 26 may be placed in inline or triangular tube pitch-
es depending upon the pressure drop and heat transfer
requirements of the system.

For improved heat transfer performance and corro-
sion resistance, the system shown in Figure 8 includes
a heat pipe 26 that has the outer diameter of the evap-
orator section sleeved with a low friction coating 68 such
as polytetrafluoroethylene. The low friction coating 68
promotes drop-wise condensation which improves the
condensing heat transfer rate by about one order of
magnitude. In addition, the coating provides a corrosion-
proof boundary that allows the use of inexpensive car-
bon steel based tubes for the heat pipes 26.

Figures 9 and 10 illustrate an embodiment of the
lower header 34 that is provided with a plurality of ther-
mowells or sleeves 70 that are welded directly to the
lower header 34 to form a leak-proof seal. Each sleeve
70 is sized to provide a small slip-fit clearance between
the inner diameter of the sleeve 70 and the outer diam-
eter of the evaporator section of the heat pipe 26, so as
toreduce thermal resistance. If required to improve heat
transport, a thermally conductive substance such as
grease or a suitable liquid may be used to fill the annu-
lus. The heat pipes 26 are held in place by gravity and
by the tube supports (not shown) commonly found in the
condenser bundle frame. This provides another means
of eliminating corrosive contact of the heat pipes 26 with
the steam. As referred to above, the exterior of the
sleeves 70 may be coated with a low friction coating to
promote drop-wise condensation, thus improving the
condensing heat transfer rate.

In operation, steam received in the upper header 38
flows into the tubes in the tube bundles 40 where some
of the steam is condensed and flows into the lower head-
er 34. The remaining steam flowing out of the tubes into
the lower header 34 purges the tubes of noncondensa-
ble gases. The remaining steam is condensed in the
evaporator section 62 of the heat pipes 26. Nonconden-
sable gases are removed via the vent lines and/or vac-
uum pumps. The arrangement of tubes and heat pipes
causes a constant steam flow through the tubes in the
tube bundles to provide for freeze-proof tubes in the
tube bundles. The only freezing possible in the design
of the apparatus is on the outside of the heat pipe sec-
tion located in the lower header. Since this occurs on
the exterior of the heat pipes, it will not damage the heat
pipes. The lower header embodiment of Figure 9 pro-
vides the advantage of being able to remove and install
heat pipes in the field without the need to cut and reweld
the difficult seal weld between the heat pipe 26 and the
lower header 34.

Because many varying and differing embodiments
may be made within the scope of the inventive concept
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herein taught and because many modifications may be
made in the embodiments herein detailed, it is to be un-
derstood that the details herein are to be interpreted as
illustrative and not in a limiting sense.

Claims
1. A steam condensing apparatus comprising:

an upper steam header (38);

a main condenser (32) in fluid communication
with said upper steam header (38), said main
condenser (32) being designed such that only
a predetermined portion of the steam flow
therethrough is condensed therein;

a lower steam header (34) in fluid communica-
tion with said main condenser (32);

a secondary condenser (36) in fluid communi-
cation with said lower steam header (34); and
a plurality of heat pipes (48) received in said
secondary condenser (36) that cause conden-
sation of steam not condensed in said main
condenser (32).

2. A steam condensing apparatus according to claim
1, wherein said main condenser (32) is designed
such that approximately twenty to eighty percent of
the steam flow therethrough is condensed.

3. A steam condensing apparatus according to claim
1 or claim 2, wherein said main condenser (32) and
secondary condenser (36) are arranged in an inline
configuration.

4. A steam condensing apparatus according to claim
1 or claim 2, wherein said main condenser (32) and
secondary condenser (36) are arranged in a W-
shaped configuration.

5. A steam condensing apparatus according to any
one of the preceding claims, wherein said heat
pipes (26) are provided with a low friction coating
(68) on the evaporator section thereof.

6. A steam condensing apparatus according to any
one of the preceding claims, wherein said lower
steam header (34) is provided with a plurality of
sleeves (70) that extend into said lower steam
header (34) and are each sized to receive the evap-
orator section of one of said heat pipes (26).

7. A steam condensing apparatus comprising:

an upper steam header (38);

a main condenser (32) in fluid communication
with said upper steam header (38), said main
condenser (32) being designed such as to con-
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dense approximately twenty to eighty percent
of the steam flow therethrough;

a lower steam header (34) in fluid communica-
tion with said main condenser (32);

a secondary condenser (36) in fluid communi-
cation with said lower steam header (34) and
positioned in line with said main condenser
(32); and

a plurality of heat pipes (48) received in said
secondary condenser (36) that cause conden-
sation of steam not condensed in said main
condenser (32).

A steam condensing apparatus according to claim
7, wherein said heat pipes (26) are provided with a
low friction coating (68) on the evaporator section
thereof.

A steam condensing apparatus according to claim
7 or claim 8, wherein said lower steam header (34)
is provided with a plurality of sleeves (70) that ex-
tend into said lower steam header (34) and are each
sized to receive the evaporator section of one of
said heat pipes (26).

A steam condensing apparatus comprising:

an upper steam header (38);

a lower steam header (34);

a condenser (56) positioned between said up-
per and lower steam headers (38,34);

a plurality of steam tubes (58) positioned in said
condenser (56) and in fluid communication with
said upper steam header (38) and said lower
steam header (34); and

a plurality of heat pipes (26) positioned in said
condenser (56) such that the evaporator sec-
tions of said heat pipes (26) extend into said
lower steam header (34).

A steam condensing apparatus according to claim
10, wherein the evaporator section of each of said
heat pipes (26) is provided with a low friction coating
(68).

A steam condensing apparatus according to claim
10 or claim 11, wherein said lower steam header
(34) is provided with a plurality of sleeves (70) that
extend into said lower steam header (34) and are
each sized to receive the evaporator section of one
of said heat pipes (26).
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