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STEAM CONDENSING MODULE WITH INTEGRAL,
STACKED VENT CONDENSER

FIELD OF THE INVENTION

This invention pertains to heat transfer equipment in
general and more particularly to air-cooled vacuum steém
condensers for heat exchange purposes.

BACKGROUND OF THE INVENTION

Steam condensers are used in the electric power indﬁétry to
provide the heat rejection segment of their thermodynamic Rankine
power cycle. To accomplish this, steam condensers are coupled
to the exhaust of low pressure turbines so as to condense this
exhausted steam to liquid and return it for reuse in the power
cycle. The primary function of the steam condenser is to‘*provide
a low back-pressure at the turbine exhaust, typically between 1.0
and ;.0 inches Hg'absolute. Maintaining_a low back-pressure
maximizes the power plant thermal efficiency.

The two primary types of steam condensers are water-cooled
surface 'condeﬂsers and air-cooled condensers. Water-cooled
surface condensers'are the dominant technology in modern power
plaqfs. However, air-cooled steam condensers are being used more

frequently in order to comply with strict environmental

. requirements.

Air-cooled steam condensers have been used since the 1930's.
The primary technical challenges that exist today regarding such
condensers are with respect to the app;dach used to efficiently
drain the condensate and the manner of trapping and removing

noncondensable gas (typically air which has leaked into the
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system) while minimizing the turbine back-pressure. These air=-
cooled steam condensers are typically arranged in an A-frame
construction with a fan horizontally disposed at the base and
separate condenser tube modules inclined thereabove through which
air flows. The steam inlet to these condenser tube modules is
located at the top or apex so that the vapor and any resuiting
condensate both flow concurrently downward within the module;

Each module of a typical air-cooled steam condenser is
generally combosed of four or so rows of tubes stacked therein.
As air flows upward around these stacked rows, its temperature
increases resulting in a corresponding decrease in temperature
difference between such air and the steam inside the next tube
row. This lower temperature difference for each successjive tube
row results in less vapor flow and condensation occurring with
resﬁect to that tube row. Since the cﬁndensate and steag flows
are lower for each successive tube row, the two-phase flow
pressure drop is also lower for each successive tube row.

For a simple condenser; all the tube rows discharge into a
common lower header that is at a pressure equal to the highest
(fourth or uppermost tube row) exit pressure. Consequéntly,
steam and noncondensable gases in the common lower header enter
the discharge ends of these first three tube rows. With steam
vapor now entering both ends of a tube, noncondensable gases
(air) become trapped therein. It_is in these air pockets that
the condensate freezes during cold weather. Also, these air
pockets blanket the heat transfer surface area thereby reducing

the condenser efficiency during hot weather. Noncondensable



—

D ea

-

-3-

gases that do not became trapped are generally vented from the
lower header with vacuum ﬁumps or ejectors.

The ideal solution to the steam condenser problem is to
maintain complete separation of fluid streams exiting each tube
row. This is the fundamental approach of the steam condenser in
U.S. Pat. No 4,129,180. Rather than a common lower header, this
patent discloses a divided lower header with separate condensate
and vent lines for each division of this lower header. With such
independent lines, there is no pressure cross-over between the
various tube rows. Condensate lines from each division of the
lower header flow to a common drain pot that is configured with
a water leg seal to balance the different pressures between them.
The vent lines from each division of the lower header ére also
routed independently to individual vacuum pumps or ejectors for
evenéhal discharge to the atmosphere. Wwhile this approach is
ideal, manufacturing and erection costs are higher due to the
complex system of drain lines and vent piping.

An alternate design that is commonly used is a two-stage
condenser. In the main condenser, steam and condensate flow
concurrently downward together through approximately two—thirds
of tge heat exchanger surface area required to condense the
stean. Since the surface area of the main condenser is
inadequate for complete condensation, excess steam from each of
the rows is permitted to flow into the main condenser's common
lower header. This prevents any backflow of steam and

noncondensable gases back into these tube rows.

This excess steam then flows to a separate secondary
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condenser, typically a dephlegmator, that comprises the remainder
(approximately one-third) of the total condenser surface area.
Such a dephlegmator is constructed similar to the main condenser
with each bundle thereof incorporating multiple (usually four or
so) vertically stacked tube rows therein. In the dephlegmator,
however, this excess steam and noncondensable gases flow ubward
in these tube rows from a lower common header before the éas
therein is discharged. The resulting condensate from this
upwardly flowing excess steam flow stream, however, flows by
gravity counter-currently downward back to the common lower
header supplying these tube rows. This common lower header thus
both supplies these tube rows with the excess steam and
noncondensable gases as well as collects the condengﬁte from
these tube rows.

Such a separate vent condenseri(or dephlegmator) downstream
the main condenser is designed to prevent the main condenser from
trapping any'noncondensable gases therein. However, should the
vent condenser itself comprise multiple rows (which is normally
the case), such a vent condenser will, in turn, experience
backflow in its own lower tube rows. Thus, this problem of
trébping noncondensable gases due to the backflow of steam into
lower rows will merely be shifted to the vent condenser'from the
main condenser.

U.S. Patent 4,177,859 discloses an air cooled steanm
condenser whose lower header is baffled. This lower header also
incofporates a separate inspection well that coliects the

condensate from the first or lowermost row of tubes which fully
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condenses the steam flowing therethrough. This inspection well
is used to check the temperature of the condensate from this
first row of tubes. However, this patent does not disclose how
to prevent freezing should the condensate in the inspection well
approach freezing temperatures. Nor does this patent discuss the
elimination of backflow into the tubes so as to avoid the
accumulation of noncondensable gases.

Other alternate design solutions involve fixed orifices or
flapper valves to equalize the pressure drop between tube rows.
5till other designs may vary tube fin spacing, fin height, or fin
length from row to row in an attempt to achieve a bqlanced steam
pressure drop. Another novel solution, described in U.S. Pat.
No. 4,513,813, arranges tubes horizontally with multiple, passes.
In this arrangement, the flow through each tube experiences a
similar cooling potential and therefore has a similar
condensation rate and pressure drop. However, all of these
alternate solutions either perform well only at the stean
condenser design operating condition and/or are not cost
competitive.

An important design 1limitation for the integral vent
con&enser is the counter current flow limit steam vapor velocity.
At this critical velocity, steam entering the vent condenser is
at a sufficient velocity to force the counter flowing condensate
(which flows by gravity) to flow upward or backup into the vent
condenser thereby preventing it from draining. This liquid
backflow now being trapped greatly increases the vent condenser

pressure drop and thus reduces the efficiency of the air removal
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system as well as increases the turbine back pressure.

It is thus an object of this invention to provide an air
cooled condenser having a lower cost of maintenance and
construction than prior airflow condensers which are known. A
further object of the invention is to substantially eliminate the
accumulation of noncondensable gases in the various tube rows of
the heat exchanger. Another object of this invention is to
substantially eliminate freezing of condensate in the condensing
tubes by stacking the vent condenser over the main condenser such
that the two are incorporated or integrated into a single module
rather than as separate but adjacent modules. Yet another object
of this invention is to locate the vent condenser in a region
where the air. temperature will have been heafed above the
freezing point of water. An additional objective of the
invention is toiprevent noncondensable gas accumulation by having
a constant flow of vapor out of all main condenser tube rows in
order to purge them of any such gases on a continual basis. Yet
another object of the invention is to provide a design for the
inlet configuration of the dephlegmator so as to increase the
counter current flow limit value thereby increasing the capacity
anddflow rate permitted for the heat exchanger.

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
understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the

accompanying drawings and descriptive matter in which a preferred
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embodinent of the invention is illustrated.

SUMMARY OF THE INVENTION

This invention pertains to an air cooled steam condenser
module having an integral vent condenser. This steam condenser
incorporates a steam header that is designed to supply steam to
at least one row of elongated condensing tubes that are coupled
thereto. A common condensate header is spaced from the steém
header with this separate condensate header being coupled to a
second opposife end region of the condensing tubes. A portion
of the steam passing through the condensing tubes is condensed
with the remaining uncondensed or excess steam portion
continuously flowing through the condensing tubes and into the
common condensate header. This condensate header is configured
with no baffles or compartments therein which would otherwise
sepérate or divide the rows of the condensing tubes. At least
one row of vent condenser tybes are positioned integral with the
row(s) of condensing tubes with each of these vent condenser
tubes having a bottom end region that is coupled to the
condensate header. These vent condenser tubes are generally
oriented parallel to the condensing tubes with the uncondensed
or”excess steam portion passing through these wvent condenser
tubes for the complete condensation thereof. A vent header is
connected to an uppef region of the vent condenser tubes and
means are provided for supplying cooling air to the condensing
module.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pictorial view illustrating the internal
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components of the invention. N

Fig. 2 is a sectional view taken along lines 2-2 of Fig. 1
illustrating the arrangement of the tubes within the condenser.

Fig. 3 is an illustration of an alternative arrangement of
the tubes as shown in Fig. 2

Fig. 4 is pictorial view of a typical entrance opening of
a tube in a deﬁhlegmator. .

Fig. 5 is a pictorial yiew of an oblique-cut dephlegmator
tube inlet.

Fig. 6 is a pictorial view of another version of an obligue-
cut dephlegmator tube inlet. _ .

DESCRIPTION OF THE PREFERRED EMBODIMENTé

Referring initially to Figs. 1-3, there is shown_ an air-
cooled condenser or heat exchanger 10. In this embodiment, steam
is éupplied to an upper steam header 12 of heat exchanger 10.
Steam header 12, in turn is coupled to a main condenser which
comprises a plurality of tube rows 14. While Fig. 1 discloses
three suqh tube rows 14 receiving steam from header 12, there can
be more or fewer such rows 14 if desired. Each tube 16 in each
tube row 14 is generally configured with a series of spaced fins
18 ;ecured therefo. These fins 18 enhance the heat exchange
between the tube .16 and the upwardly flowing air 20 passing
through tube rows 14 as forced by fan 22. In other embodiments,
such air flow can occur naturally without the necessity of being
forced thereby potentially eliminating the need for fan 22.

Fig. 1 illustrates only one side of heat exchanger 10 cut

along a vertical plane intersecting centerline 24, the other side
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would be a mirror image of that shown. Also, heat exchanger 10
would generally be constructed of a plurality of adjacent modules
25 each having a cross-section similar to that shown. These
various modules 25 would be interconnected with each other by
steam header 12 and common condensate header 26 in a parallel
relationship such that there would be little or no pressure
difference between or among the various modules 25. The actuél
number of modules 25 required for condenser 10 is deteramined by
the volume of steam flow into steam header 12 and the desired
back-pressure value to occur at the turbine exhaust. (not shown
but which is coupled to steam header 12). .

In the drawings, condensate header 26 is configﬁred as being
of the common type in that it is not compartmented ox baffled

which would otherwise separate or divide the various tube rows

14. Header 26 is also shown as being below or underneath stéam
header 12, but this need not always be the case. In any event,
the steam flowing through tube rows 14 is not fully condensed at
all operating conditions before‘it enters lower condensate header
26. Because excess steam now continuously flows from each tube
row 14, the pressure between such rows 14 is equalized in lower
he;aer 26. This continuous purging of rows 14 insures that no
backflow into tube rows 14 from_lower header 26 will occur. If
such were to occur, air would become trapped.therein, which could
lead to freezing of the condensate, and the rupture of one or
more tubes 16.

While lower condensate header 26 is shown as being

rectangular in shape, other configurations are also likely.
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Also, the manner of secuxing condensate header 26 to the various
tube rows 14 and aiso to heat exchanger 10 can vary as needed or
desired. Furthermore, by interconnecting the condensate headers
26 from the various modules 25 of heat exchanger 10, only a
single or a low number of condensate drain lines 27 need be
employed. '

As shown in Fig. 1, integral upper tube row or 'veﬁt
condenser 28 is oriented generally parallel to tube rdws 14, but
this upper row 28 serves as a vent condenser which both vents
noncondensable gases and condenses the excess steam entering
condensate header 26. ‘Because of the upward ﬁlow of the
uncondensed excess steam through upper row 28 from lower header
26, any resulting condensate.will flow downward against such

steam flow. Thus, it is important that the volume or velocity

- i

of such steam flow should not be so great as to trap or ent:ain
this condensate within upper row 28{ Basically, heat exchanger
10 operates by insuring excess steam flow through tube rows 14
of the main condenser with complete condensation occurring in
integral tube row 28 of the vent condenser. With this
configuration, there is no need to supply the excess steam to a
separate condenser or dephlegmator as was previocusly required.
Instead, each module 25 now incorporates its_own vent condenser
tube rows 28.

Fig. 2 illustrates a typical arrangement of condensing tube
rows 14 and upper vent tube row 28. In this arrangement, the
size of the various tubes 16 are all the same. However, as shown

in Fig. 3, the size of the tubes in upper row 28 can be made
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larger than the tubes in tube rows 14 of the main condenser.
Such larger tube sizes for upper tube row 28 will result in a
slower steam velocity through this tube row 28 thereby reducing
the chance that any condensate will be held or trapped within
such row 28. Freeze protection can also be provided by adjusting
fan power or blade pitch in order to éhange air flow 20. The
actual amount of control required is dependent on the condenser
pressure among other variables. ’

In fact, an important design limitation for integral wvent
condenser tube row 28 is the counter-current flow limit (CCFL)
steam vapor velocity. At this critical velocity, the steam
entering upper row 28 is at a sufficient velocity to prevent the
condensate therein from flowing downward back toward header 26.
Thiq’ condition increases the pressure drop across the vent
condenser (i.e. tube rows 28) thereby reducing the ef?iciency of
condenser 10. It also increases the turbine back-preésUre which
is undesirable.

However, to avoid such an occurrence, the tube sizing shown
in Fig. 3 can be implemented. These upper tubes 28 will not only
incorporate fins thereon to increase their cooling capacity, but
will also be larger in size than tubes 16 in tube rows 14. These
larger tubes 28 will each have a surface area greater than the
surface area of tubes 14 in the main condenser (in proportion to
the ratio of their diameters). Additionally, each larger tube
28 will also have a flow area greater than the flow area of tubes
16 (in proportion to the ratio of their diameters sqguared).

Hence, the steam velocity through upper row 28 will be reduced.
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Fig. 3 also illustrates that sach tube row 14 of the main
condenser is composed éf tubes 16 which all have the same
diameter. This need not necessarily be the case since it is also
possible for one of these tube rows 14 to be comprised of tubes
16 having a diameter different from that of the other adjacent
tube rows 14. For example, while the two bottommost rowé may
consist of tubes 16 having a diameter of about 2 inches 0D, tﬁe
next higher row 14 may have tubes 16 with a diametexr of about 1.5
inches OD. Also} the upper or vent condenser row 28 may comprise
tubes 16 having a diameter of about 2 inches OD. This reduction
in diameter of the second tube row 14 aids in ;educing the
necessary venting capacity of vent condenser tube row 28.

Locgted at the exit end of upper vent condenser xow 28 is
pipe 30 (generally borizontally aligned) which receives the
non;ondensablé.remainder of the flow through upper row 28. This
pipe 30 transports!such noncondensable gas to an air removal
system (not shown). thereby venting any noncondensable gases
entrained in the steam sﬁpplied to header 12 or leaked into heat
exchanger 10. It is also possible to provide further freeze
protection by locating air removal pipe 30 within steam header
12 if need be.

Fig. 1 illustrates tube row 28 of the vent condenser as
being stacked above tube rows 14 of main condenser. However, if
desired, these vent condenser tube rows 28 can be located within
or between such tube rows 14 of the main condenser. Thus, while
Fig. 1 illustrates fan air flow 20 first passing over tube rows

14 before reaching upper row 28, this can be altered. In other
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words, heat exchanger 10 can be configured so that air 20 will
flow past, say, two rows of main condenser tubes 14, then over
row 28 of vent condenser, and finally over the last row or rows
14 of the main condenser. In any event, integral vent condenser
tube row 28 is located where the temperature of the air flowing
therethrough is above freezing, such air 20 being heated by the
prior passage through tubes 14 of the main condenser.

One main advantage of heat exchanger 10 is the siﬁplicity
of the removal of the condensate from condensate header 26 and
the air and noncondensable gases from piping 30. This
significantly reduces the cost relative to designs that
incorporate individual condensate drains and air removal piping
for;each tube row. Also, by placing vent condenser tube row 28
adjacent or within tube rows 14 of the main condenser as
described, this vent condenser tube row 28 is freeze protected
and there is no likelihood of any localized back:low into tube
rows 14. Also, by incorporating main ‘condenser tubes 14 and vent
condenser tubes 28 within the same module 25, savings are
realized since separate components are no longer required nor is
there a need to deliver excess steam between them.

While the embodiment shown herein incorporates three tube
rows 14 in the main condenser, more or fewer such rows may
actually be employed (and the diameter of the individual tubes
16 therein may vary) depending on the conditions that must be
met. Also, the number and diameter of vent tube row 28 may also
vary as needed. Furthermore, it is possible to vary the width,

length, and depth of the various components of condenser 10 in
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order to accommodate the user's requirements. Additionally, the
tube diameter, wall thicknéss, material of construction, and heat
transfer characteristics of fins 18 or of the various tubes
and/or tube rows 14, 16, and 28 can be constructed to a great
many specifications without departing from this invention.

A further embodiment of heat exchanger 10, and mbre
particularly tube row 28, is shown in Figs. 4-6. In thié
embodiment, the ends of each tube -in tube row 28 which are
coupled to lower header 26 are not straight cut as shown in Fig.
4, but instead are cut at an angle as shown in Figs. 5 and 6.
In this fashion, a larger opening 32 into each of the tubes of
vent condenser tube row 28 is accomplished without _increasing the
overall diameter of the ipdividual tubes. This greater.opening
32 results in a larger CCFL value thereby enabling heat exchanger
10 t; operate under greatér load conditions. Thus, regardless
of tht size or diameter of vent condenser tube row 28, the
countgr-current flow limit is maximized by the oblique angle of
opening 32. By cutting openiﬁg 32 at an oblique angle rather
than a more typical perpendicular angle as shown in Fig. 4, the-
steam velocity into opening 32 is reduced. Hence, the overall
steam flow raté can be increased until a new higher counter-
current flow limit is reached.

As can be. imagined, at the entrance to tube row 28 of the
vent condenser located within lower header 26, the excess steam
and condensate velocities are at their maximum since condensation
of the excess steam occurs downstream of such entrance. Also,

at this entrance, the internal flow separation caused by the
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excess steam entering the normal straight-cut tube reduces the
effective flow area. Hdwever, by configuring the entrance to
vent condenser tube row 28 such as shown in Figs. 5 and 6, the
inlet flow area is increased which reduces the steam velocity
into the tube at opening 32. Such a slant cut opening 32 also
increases the CCFL value thereby aliowing a faster rate of excess
steam flow before the counter-flowing condensate becomes trapped
within tube row 28 of the vent condenser. -

While Figs. 5 and 6 disclose a slanted opening 32 having an
angle of 450, an opening configured at other angles will also

result in the improvements described above.
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WHAT IS CLAIMED IS:

1. An air cooled steam condenser module with integral vent
condenser comprising:
(a) at least one row of elongated condensing tubes having a
first end region coupled to a steam header for the passage of
steam therethrough;
(b) a common condensate header spaced from said steam header and
coupled to a second opposite end region of said condensing tubes,
said steam passing through said condensing tubes being partially
condensed therein with the remaining uncondensed excess steam
portion continuously flowing through said condensing tubes and
into said coﬁmon condensate header, said common condensate header
beihg configured with no baffles or compartments therein which
segarate or divide the saig rows of said condensing tubes;
(c}) at least one row of vent condenser tubes positioned adjacent
and generally parallel to said condensing tubes within the
condenser module, éaid vent condenser tubes having a bottom end
region coupled to said common condensate heéder for the passage
therethrough of said uncondensed excess steam for the complete
condensation thereof;
(d) a vent header connected to an upper region of said wvent
condenser tubes; and,
(e} means for passing cooling air through the condenser module.
2. An air cooled steam condenser module as set forth in Claim
1 wherein said bottom end region of said vent condenser tubes are
slant-cut or tapered thereby forming an angle with respect to the

longitudinal axis of said vent condenser tubes.
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- 3. An air cooled steam condenser mcdule as set forth in Claim
2 wherein said bottom end region of said vent condenser tubes are
cut at an angle of 450 with respect to the longitudinal axis of
said tubes.

4. An air cooled steam condenser module as set forth in Claim
3 wherein said common condensate header is below or underneath
said steam header.
5. An air cooled steam condenser module as set forth in Claim
4 wherein a plurality of such modules are connected together in
a parallel relationship via said steam header and said common
condensate header.
6. An air cooled steam condenser module as set forth in Claim
4 further comprising three rows of said condensing tubess and one
row of said vent condenser tubes in the condenser module.
7. An air cooled steam condenser module as set forth in Claim
4 wherean said row of vent condenser tubes is located above said
rows of condensing tubes.
8. An air cooled steam condenser module as set forth in Claim
4 wherein said row of vent condenser tubes 1is located
inEgrmediate to said rows of condensing tubes.
9. An air cooled steam condenser module as set forth in Claim
4 wherein the diameter of said vent condenser tubes is equal to.
the largest diameter of said condensing tubes.
10. An air cooled steam condenser module as set forth in Claim
4 wherein the diameter of said vent condenser tubes are larger
than the diameter of said condensing tubes.

11. An air cooled steam condenser module as set forth in Claim
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10 wherein the diameter of said vent condenser tubes is twice the
diameter of said condensing tubes.

12. An air cooled steam condenser module as set forth in Claim
4 further comprising a condensate drain connected to said common
condensate header, said drain being sized to remove any collected
condensate from said common condensate header.

13. An air cooled steam condenser module as set forth in Claim
12 wherein said vent header extends generally parallel with said
steam header.

14. An air cooled steam condenser module as set forth in Claim
13 wherein said vent header extends external to said steam
header.

15. Aﬂ air cooled steam condenser module as set forthin Claim .

14 wherein said vent header extends within said steam header.
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