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(54) MINI‑TUBE AIR COOLED INDUSTRIAL STEAM CONDENSER

(57) Large scale field erected air cooled industrial
steam condenser having 10 heat exchanger bundles
per cell arranged in five pairs in a V-shape, each heat
exchanger bundle having four primary heat exchangers
and four secondary heat exchangers in which each sec-
ondary heat exchanger is paired with a single primary
heat exchanger. Four primary condensers are arranged
such that the tubes are horizontal, while the inlet steam

manifolds at oneendof the tubesareperpendicular to the
primary condenser tubes, i.e., parallel to the transverse
axis of the bundle. Steam enters the small inlet steam
manifolds from below. Cross-sectional dimensions of the
tubesare200mmwidewith a cross-sectionheight of less
than 10mmwith fins that are 10mm in height, arranged at
9 to 12 fins per inch.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to large scale field erected air cooled industrial steam condensers.

DESCRIPTION OF THE BACKGROUND

[0002] Thecurrent finned tube used inmost large scale field erected air cooled industrial steamcondensers (ACC) uses
a flattened tube that is approximately 11 meters long by 200 mm wide (also referred to as "air travel length") with semi-
circular leadingand trailing edges, and18.7mmexternal height (perpendicular to the air travel length). Tubewall thickness
is 1.35mm. Fins are brazed to both flat sides of each tube. The fins are usually 18.5mm tall, spaced at 11 fins per inch. The
fin surface has awavy pattern to enhance heat transfer and help fin stiffness The standard spacing between tubes, center
to center, is 57.2mm. The tubes themselves make up approximately one third of the cross sectional face area
(perpendicular to the air flow direction); whereas the fins make up nearly two thirds of the cross section face area. There
is a small spacebetweenadjacent fin tipsof 1.5mm.For summerambient conditions,maximumsteamvelocity through the
tubes can typically be as high as 28mps, andmore typically 23 to 25mps. The combined single A-framedesign alongwith
these tubes and fins has been optimized based on the length of the tube, the fin spacing, fin height and shape, and the air
travel length. The finned tubes are assembled into heat exchanger bundles, typically 39 tubes per heat exchanger
bundles, and 10 to 14 bundles are arranged into two bundles arranged together in a single A-frame per fan. The fan is
typically below theA-frame forcing air up through the bundles. The overall tube and fin design, and the air pressure drop of
the tube and fin combination, has also been optimized to match the air moving capacity of the large (up to 38 ft diameter)
fans operating at 200 to 250 hp. This optimized arrangement has remained relatively unchanged across many different
manufacturers since the introduction of the single row elliptical tube concept over 20 years ago.
[0003] The typical A-FrameACCdescribedabove includesboth 1st stageor "primary" condenser bundles and2nd stage
or "secondary" bundles. About 80% to 90%of the heat exchanger bundles are 1st stage or primary condenser. The steam
enters the top of the primary condenser bundles and the condensate and some steam leaves the bottom. The first stage
configuration is thermally efficient; however, it does not provide ameans for removing non-condensable gases. To sweep
the non-condensable gases through the 1st stage bundles, 10% to 20% of the heat exchanger bundles are configured as
2nd stage or secondary condensers, typically interspersed among the primary condensers, which draw vapor from the
lower condensate manifold. In this arrangement, steam and non-condensable gases travel through the 1st stage
condensers as they are drawn into the bottom of the secondary condenser. As the mixture of gases travels up through
the secondary condenser, the remainder of the steam condenses, concentrating the non-condensable gases. The tops of
the secondary condensers are attached to a vacuum manifold which removes the non-condensable gases from the
system.
[0004] Variations to the standard prior art ACCarrangement havebeendisclosed, for example inUS2015/0204611and
US 2015/0330709. These applications show the same finned tubes, but drastically shortened and then arranged in a
series of small A-frames, typically fiveA-frames per fan. Part of the logic is to reduce the steampressure drop, which has a
small effect on overall capacity at summer condition, but greater effect at a winter condition. Another part of the logic is to
weld the top steammanifold duct to each of the bundles at the factory and ship them together, thus saving expensive field
welding labor. Thenet effect of this arrangement, with the steammanifold attachedat the factory and shippedwith the tube
bundles, is a reduction of the tube length to accommodate the manifold in a standard high cube shipping container.
Because the tubes are shorter, and therefore the overall amount of surface area is reduced, comparative capacity to the
standard single A-frame design of similar overall dimension, summer condition, is reduced by about 3%.

SUMMARY OF THE INVENTION

[0005] The inventions presented herein are 1) a new tube design for use in heat exchanger systems, including but not
limited to large scale field erected air cooled industrial steamcondensers; and 2) a newdesign for large scale field erected
air cooled industrial steam condensers for power plants and the like, both of which significantly increase the thermal
capacity of the ACC while, in some configurations, reduce the material. Various aspects and/or embodiments of the
inventions are set forth below:
[0006] According to a preferred embodiment of the tube design invention, the cross-sectional dimensions of the tubes
are200mmwide (air travel length), like theprior art, butwithacross-sectionheight (perpendicular to theair travel length) of
less than10mm,preferably 4‑10mm,morepreferably 5.0‑9mm,evenmorepreferably 5.2‑7mm,andmost preferably 6.0
mm in height (also "outside tube width"), with fins that are 8‑12mm in height, preferably 10mm in height, arranged at 8‑12
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fins per inch, preferably 11 fins per inch. According to a further preferred embodiment, actual fins may be 16‑22mm in
height, preferably 18.5mm in height, and span the space between two adjacent tubes, effectively making 8‑11mm of fin
available to each tube on each side.
[0007] The making of smaller cross-section tubes (same air travel length but significantly smaller height) is directly
counter to the current prevailing view in the art that the tubes should be made with as large a cross-section as possible in
order to accommodate themassive volumesof steam that is output by a large scale power plant, and because larger tubes
drive down costs. While the costs of this arrangement is significantly more than the prior art tube arrangement, the
inventors unexpectedly discovered that the increases in efficiency with the lower height tubes (in the most preferred
embodiment exceeding 30% greater efficiency as compared to the prior art tubes) more than make up for the increase in
cost. This new tube design may be used in large scale field erected air cooled industrial steam condensers of the prior art
(for example as described in the background section), or itmay be used in conjunctionwith the newACCdesign described
herein below.
[0008] Turning to thenewdesign for largescale fielderectedair cooled industrial steamcondensers, aprimary featureof
this invention, is that the multiple primary and secondary condensers are arranged in a new design that reduces steam
manifold costs and also increases the thermal capacity significantly at the same time allowing for easy containerized
shipment and minimal field welding.
[0009] According to one embodiment of this invention, the design features 10 heat exchanger bundles per cell arranged
in five pairs as "V’s" (a configuration that is inverted compared to standard prior art ACC arrangements). According to an
alternative embodiment, the bundles may be arranged in an A-frame arrangement, but such embodiments require
additional ductwork and therefore cost.
[0010] In thepreferredarrangement, eachheatexchangerbundlehas four primaryheat exchangersand four secondary
heat exchangers inwhich each secondary heat exchanger is pairedwith a single primary heat exchanger. According to an
alternative embodiment, only one secondary heat exchanger is provided per heat exchanger core; but, matching each
secondary heat exchanger to a single primary heat exchanger has the advantage of minimizing condenser piping/hea-
dering. According to further alternative embodiments, three or even two or five ormore heat exchangersmay be provided
per heat exchanger core, with subsequent trade-offs of capacity and cost.
[0011] According to a preferred embodiment, four primary condensers are arranged such that the tubes are horizontal,
while the inlet steam manifolds at one end of the tubes are aligned parallel with the transverse axis of the bundle. This
arrangement allows the steam to enter the small inlet steam manifolds from below. According to an alternative
embodiment, the steam may be introduced from above, but this embodiment requires more ductwork.
[0012] According toapreferredembodiment, theverticalwidthof eachbundle is 91 inches (2.3m) to101 inches (2.57m).
[0013] The preferred bundle length is 41 ft to 43ft, but various other shorter lengths may be provided, including 38ft.
According to one embodiment, two of the small secondary condensersmay be attached to the primary condensers on site
with very little additional field welding costs. This embodiment is particularly useful in the case that the desired core length
is longer than a shipping container length.
[0014] According to a preferred embodiment, for bundles with four primary condensers, each horizontal bundle length
has a tube length of 2.2m to 2.8m. For bundleswith five primary condensers per bundle, eachhorizontal bundle length has
a tube length of 1.75m to 2.25m, and preferably 2.0 m. The steam manifold and outlet manifold have a preferred width
(perpendicular to the vertical length of the manifold) of 0.065m to 0.10m, preferably 0.075m. Each primary condenser is
preferably attached directly to a secondary condenser having finned tubes having longitudinal axes that are aligned
parallel to the transverse axis of the bundle, configured to receive steam from the bottom and preferably sized to have a
face area of 10% to 20% of the face area of its corresponding primary condenser, and in the case of a primary condenser
havingdimensionof2.3mby2.4m, thesecondary condenser is, byexample, 0.20m to0.45mwide, preferably0.31mwide.
[0015] According to a preferred embodiment, a heat exchanger bundle consists, from one end to the other of the
following: a small secondary condenser (10‑20%of the face area of the corresponding primary coil) having tubes that are
alignedparallel to the transverseaxis of thebundle, followedbya full sizeprimary condenserwithhorizontal tubes (aligned
parallel to the longitudinal axis of the bundle), with a condensate header between the primary condenser and the
secondary condenserwhich is connected along its side to the outlets of the tubes of the primary condenser and connected
at its bottom to the inlet of the secondary condenser for delivery remaining steamandnon-condensable gases directly into
the secondary condenser. The steam inletmanifold is at the far endof the first primary condenser. The secondprimary and
second secondary condensers are mirrored from the first, completing the first half of the heat exchanger bundle. The
second half of the heat exchanger mirrors the first half.
[0016] Bundles are then paired together, preferably in V-frames. This brings two sets of four steam inlets to two single
small areas. These four inlets may be joined to a single steam riser emanating from a large steam duct below, and
connected together via aone-to-four adapterNoweldingof steammanifold across the lengthof thebundles is required.As
discussed above, A-frames may be used, but are less cost effective because traditional A-frame ACC construction
requires the steam ducts to be placed above the coils/bundles, rather than below.
[0017] Steam isdelivered to theheat exchangerbundle viaa steamduct.Risersdeliver the steam from thesteamduct to
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the heat exchanger inletswhich in turn deliver the steam to the steam inletmanifolds. The steam inletmanifolds deliver the
steam to the horizontally oriented tubes of the primary condenser. Much of the steam condenses to liquid water as it
traverses the tubes of the primary condenser. The tubes of the primary condenser terminate at the condensate header
which receives the condensate and the remaining steam (including non-condensable gases). The bottom of the
condensate header has a "foot" portion which extends under and opens into the bottom of the secondary condenser.
The condensate collects at the bottom of the condensate header, where it is delivered to a condensate collection tube.
Meanwhile, the remaining steam, including non-condensable gases is drawn out of the condensate header upward
through the secondary condenser. As the remaining steam condenses, the condensate travels back down through the
secondary condenser, into the foot of the condensate header and into the condensate collection tube. The non-
condensable gases exit the secondary condenser via a non-condensable collection tube.
[0018] Asdiscussed, this newACCdesignmaybeusedwith tubes having prior art cross-section configuration andarea
(200mmx 18.7mm), in which case the increase in efficiency is approximately 5%. Alternatively, this newACCdesignmay
beusedwith tubes having the newdesign described herein (200mmx less than 10mm), inwhich the increase in efficiency,
compared to prior art A-Frame with standard tube configurations is approximately 22%.
[0019] According to a further alternative embodiment, the new ACC design of the present invention may be used with
100 mm by 5mm to 7mm tubes having offset fins. This embodiment produces a total increase in capacity of 17.5% as
compared to standard ACC configuration with standard tubes, with a reduction in tube and fin costs of approximately 40%
with a concurrent reduction of supported bundle weight. According to this embodiment, the bundles will also weigh about
60% of prior art bundles and therefore be more easily supported within the new ACC structure.
[0020] According to a further embodiment, the new ACC design of the present invention may be used with 200mm by
5mmto7mmtubeshaving "Arrowhead"-typefinsarrangedat9.8finsper inch).Thisembodiment producesa total increase
in capacity of more than 30% as compared to standard ACC configuration with standard tubes
According toa furtherembodiment, thenewACCdesignof thepresent inventionmaybeusedwith120mmby5mmto7mm
tubeshaving "Arrowhead"-typefinsarrangedat9.8finsper inch).Thisembodiment producesa total increase in capacityof
more than 17% as compared to standard ACC configuration with standard tubes. According to an even further
embodiment, the new ACC design of the present invention may be used with 140mm by 5mm to 7mm tubes having
"Arrowhead"-type fins arranged at 9.8 fins per inch). This embodiment produces a total increase in capacity of more than
23%ascompared to standardACCconfigurationwith standard tubes.While the120mmand140mmconfigurationsdonot
produce quite the same increase in capacity as the 200mm configuration, both the 120mm and 140 mm configurations
have reduced materials and weight compared to the 200mm design.
[0021] Foradisclosureof thestructureofArrowhead-typefinsdiscussedabove, thedisclosureofU.S.ApplicationSerial
No. 15/425,454, filed February 6, 2017 is incorporated herein in its entirety.
[0022] According to yet another embodiment, the new ACC design of the present invention may be used with tubes
having "louvered" fins, which perform approximately as well as offset fins, and are more readily available and easier to
manufacture.
[0023] With the prior art, the heat exchanger fins and tubes are brazed together one tube at a time. According to the
present invention, with these smaller bundles and smaller tubes, it is possible to braze multiple finned tubes as a single
assembly, cuttingmanufacturing costs, eliminating an air gap between finned tubes that hurts performance and providing
a strong structure between adjacent tubewalls to prevent their collapse under vacuum.Moreover, significant surface area
is gained for the fins and tubes with the arrangement of the present invention, especially since the total area for heat
transfer is limited by the shipping container door size. Since the tube length or bundle width is not reduced by the steam
manifold required with other designs, this arrangement provides for more effective heat exchange area per shipping
container-sized unit than any other design.
[0024] In summary, the total gain in steamcondensing capacity andcost reduction for thepresent invention compared to
an equivalent size device of the prior art is as much as 33%, at constant fan power per fan. For a multiple cell ACC, the
number of fans can be reduced because each cell has higher capacity and fewer cells are required to do the steam
condensing duty, total fan power can be reduced by more than 25%.
[0025] Additionally, theACCdesign of the present invention can be sitedmore easily, requiring less overall spacewithin
the power plant.
[0026] Accordingly, there is provided according to an embodiment of the invention, a large scale field erected air cooled
industrial steamcondenser connected toan industrial steamproducing facility, havingaplurality of pairsof heat exchanger
bundles, each pair of heat exchanger bundles arranged in a V-shape configuration, and each heat exchanger bundle
having a longitudinal axis and a transverse axis perpendicular to its longitudinal axis, each heat exchanger bundle
comprising a plurality of steam inlet manifolds, a plurality of primary condenser sections, a plurality of outlet condensate
headers, and at least one secondary condenser section; each primary condenser comprising a plurality finned tubes each
having a longitudinal axis parallel to a corresponding heat exchanger bundle longitudinal axis; each secondary condenser
comprisingaplurality of finned tubeseachhavinga longitudinal axisparallel toacorrespondingheatexchanger transverse
axis; each of said steam inlet manifolds having a longitudinal axis parallel to a corresponding heat exchanger transverse
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axis, each steam inlet manifold configured to receive steam from a steam distribution manifold located below said heat
exchange bundles and to distribute steam to a first end of said plurality of finned tubes in a corresponding primary
condenser; each of said outlet condensate headers having a longitudinal axis parallel to a corresponding heat exchanger
transverse axis and connected on a first side to a second end of said plurality of finned tubes in a corresponding primary
condenser to collect condensate, uncondensed steam, and non-condensable gases therefrom; each said outlet con-
densate header connectedonabottomend toa bottomendof said at least one secondary condenser section, eachof said
outlet condensate headers also connected at a bottom end to a condensate collection tube, and each said secondary
condenser section connected at a top end to a non-condensable collection tube.
[0027] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steamcondenser comprisingequal numbersof primaryand secondary condensers, each second condenser pairedwith a
single primary condenser.
[0028] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser, wherein each heat exchanger bundle comprises four primary condensers and four secondary
condensers, wherein the left-to-right orientation of each said primary condenser/secondary condenser pair is reversed
relative to an adjacent primary condenser/secondary condenser pair, so that a first two of said steam inlet manifolds in a
heat exchanger bundle are directly adjacent to one-another and a second two of said steam inlet manifolds in the same
heat exchanger bundle are directly adjacent to one-another.
[0029] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steamcondenser,whereinbottomendsof saidsteam inletmanifoldsofafirst heatexchangebundleareadjacent tobottom
ends of steam inlet manifolds in a second heat exchanger bundle in a pair of heat exchange bundles.
[0030] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein bottom ends of said two adjacent steam inlet manifolds from a first heat exchange bundle and
bottomendsof twoadjacent steam inletmanifolds fromasecondheat exchangebundle in apair of heat exchangebundles
are connected to a first end of a one-to-four steammanifold adapter, and wherein a second end of said one-to-four steam
manifold adapter is connected to a steam supply manifold.
[0031] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein said plurality of finned tubes in said primary condensers have a length of 2.0m to 2.8m, a cross-
sectional width of 200 mm and a cross-sectional height of 4‑10 mm.
[0032] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein the tubes in the primary condenser have a cross-sectional height of 5.2‑7 mm.
[0033] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein the tubes in the primary condenser have a cross-sectional height of 5.9 mm.
[0034] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein the plurality of finned tubes in said primary condensers have fins attached to flat sides of said
tubes, said fins having a height of 10mm, and spaced at 9 to 12 fins per inch.
[0035] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein said plurality of finned tubes in said primary condensers have fins attached to flat sides of said
tubes, said fins having a height of 18 mm to 20 mm spanning a space between adjacent tubes and contacting adjacent
tubes, said fins spaced at 9 to 12 fins per inch.
[0036] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steamcondenserwherein a face areaof all secondary condensers in a heat exchangebundle comprises 10‑20%of a face
area of all primary condensers in a same heat exchange bundle.
[0037] There isalsoprovidedaccording toanembodiment of the inventiona largescale fielderectedair cooled industrial
steam condenser wherein two primary condenser/secondary condenser pairs are adjacent to one-another with the
secondary condensers of both pairs adjacent to one-another, said two secondary condensers combined into a single
secondary condenser.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

Figure 1A is a perspective view representation of the heat exchange portion of a prior art large scale field erected air
cooled industrial steam condenser.
Figure 1B is a partially exploded close up view of the heat exchange portion of a prior art large scale field erected air
cooled industrial steam condenser, showing the orientation of the tubes relative to the steam distribution manifold.
Figure 2A a perspective view representation of the heat exchange portion of a large scale field erected air cooled
industrial steam condenser ("ACC") according to a first embodiment of the invention.
Figure 2B is partially exposed close up view of the device shown in Figure 2A, showing the orientation of the tubes in
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the primary condenser.
Figure 3 a side view representation of the heat exchange portion of an ACC according to a preferred embodiment of
the invention.
Figure 4 is a close-up side view of the connection between a steam riser and corresponding steam headers at the
bottom of the heat exchange portion of an ACC according to an embodiment of the invention.
Figure 5 is an end view of the steam riser/transition element/steam manifold assembly for an ACC according to an
embodiment of the invention.
Figure 6 is a perspective view of cross-section of a prior art ACC tube and fins.
Figure 7 is a perspective view of a first embodiment of a mini-tube and fins according to the present invention.
Figure 8 is a side viewof a large scale field erected air cooled industrial steamcondenser according to anembodiment
of the invention with V-shaped heat exchange bundle pairs having the primary and secondary condenser arrange-
ment shown in Fig. 2A.
Figure 9 is an end view of the large scale field erected air cooled industrial steam condenser shown in Fig. 8.
Figure 10 is a top view the large scale field erected air cooled industrial steam condenser shown in Fig. 8.
Fig. 11 is a perspective view drawing of a primary condenser finned tube bundle according to an embodiment of the
invention.
Figure 12 is a perspective view photograph of the primary condenser finned tube bundle rendered in the drawing of
Figure 11.

DETAILED DESCRIPTION

V-Shaped ACC with Horizontal Primary Condensers and Perpendicular Secondary Condensers

[0039] Referring Figures 2A, 2B, and 3, bundle pair 2 may be constructed by joining two bundles 4 in a V configuration.
Eachbundle4 is constructedof four primarycondensers6and four secondarycondensers8, eachsecondarycondenser 8
paired with a single primary condenser 6. Tubes 10 in the primary condensers 6 are arranged such that the tubes 10 are
horizontal, while the inlet steam manifolds 12 at one end of the tubes are aligned parallel to the transverse axis of the
bundle. This arrangement allows the steam to enter the small inlet steam manifolds 12 from below. The tubes 14 in the
secondary condenser 8 are likewise aligned parallel to the transverse axis of the bundle. The preferred vertical height of
each bundle is 91 inches (2.3m) to 101 inches (2.57m) and the preferred bundle length is 38 ft to 45ft.
[0040] According to a preferred embodiment, measuring along the length of the bundle, each primary condenser 6
accounts for 2.6mof the length; each steammanifold 12 and condensate outlet header 16 account for 0.3m of the length,
and each secondary bundle 8 accounts for 0.4mof the length. In any event, each secondary bundle 8 accounts for 10% to
20% of the finned tube face area of the entire heat exchanger bundle.
[0041] Continuing to refer to Figs. 2A and 3, the preferred heat exchanger bundle according to the invention consists,
from one end to the other of the following: secondary condenser 8 with tubes 14 whose longitudinal axes are oriented
parallel to the transverseaxis of the bundle, followedbyanoutlet condensateheader 16 (approx. 3 inches in size) adjacent
to the secondary condenser 8 and communicating steam from a primary condenser 6 directly into the secondary
condenser 8, followed by a full size primary condenser 6 with horizontal tubes 10. According to a preferred embodiment,
each condensate header 16 has a foot 28 at its bottom that extends beneath and opens into its corresponding secondary
condenser 8. The steam inlet manifold 12 (about 0.20 to 0.25m per side) is at the far end of the first primary condenser 6.
The second set of primary and second secondary condensers are mirrored from the first, completing the first half of the
heat exchanger. The second half of the heat exchangermirrors the first half. Adjacent secondary condensers as shown in
Figure 2A and at the center of Figure 3may be combined into a single secondary condenser. Condensate collected at the
bottom of the condensate headers 16 flows into condensate collection tube 30. Non-condensable gases are drawn from
the top of the secondary condensers 8 into non-condensable collection tube 32.
[0042] Bundles are thenpaired together, preferably inV-frames. This arrangement, as is shown inFigs. 2Aand3, brings
two sets of four steam inlets 18 to two single small areas. These four inlets can be joined to a single steam riser 20
emanating froma largesteamduct22,andconnected together viaaone to fouradapter24, seeFigs.4and5.Noweldingof
steam manifold across the length of the bundles is required. A-frames may be used, but are less cost effective.
[0043] Figures 8‑10 show a representative large scale field erected air cooled industrial steam condenser according to
an embodiment of the invention with V-shaped heat exchange bundle pairs having the primary and secondary condenser
arrangement shown in Fig. 2A. The device shown in Figures 8‑10 is a 36 cell (6 cell x 6 cell) ACC, with the most preferred
embodimentof fivebundlepairsor "streets" per cell, but the inventionmaybeusedwithanysizeACC,andwithanynumber
of bundle pairs or streets per cell.
[0044] Compared to the designs disclosed in U.S. Published Patent Application No. US 2013/0312932, U.S. Published
Patent Application No. 2015/0204611, and U.S. Published Patent Application No. 2015/0330709, the above-described
embodiment of the present invention increases thermal capacity by 13%.
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[0045] Compared to the current standard A-frame technology, the above-described embodiment of the present
invention using primary tubes having standard cross-sectional shape and area (200mm x 18.7mm), see, e.g., Fig. 6
(except for the tube length), increases thermal capacity by5%,andsubstantially reduces installed cost byasimilar degree.
[0046] According to a most preferred embodiment, the new ACC design described above may be used in conjunction
with primary condenser tubes having cross-sectional dimensions of 200 mm wide (air travel length) with a cross-section
height (perpendicular to the air travel length) of less than 10 mm, preferably 4‑10 mm, more preferably 5.0‑9 mm, even
more preferably 5.2‑7 mm, and most preferably 6.0 mm in height (with 0.8 mm tube thickness and 4.4 mm tube inner
diameter), with fins that are 8‑12mm in height, preferably 10mm in height, arranged at 8‑12 fins per inch, preferably 11 fins
per inch (Fig. 7). Figures11and12showplurality of primary condenser tubesand finsassembled intoaprimary condenser
bundle according to an embodiment of the invention. According to this preferred embodiment, an additional increase in
capacity of 17% is provided, resulting in a combined increase over theprior art A-framedesignwith standard tubes of 30%,
for a single cell at constant fan power.
[0047] According toa further preferredembodiment, actual finsmaybe16‑22mm inheight, preferably18.5mm inheight,
and span the space between two adjacent tubes, effectively making 8‑11 mm of fin available to each tube on each side.
[0048] The description of fin type and dimension above is not intended to limit the invention. The tubes of the invention
described herein may be used with fins of any type without departing from the scope of the invention.
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Claims

1. A large scale field erected air cooled industrial steam condenser connected to an industrial steam producing facility,
comprising:

a plurality of pairs (2) of heat exchanger bundles (4), wherein each heat exchanger bundle includes a longitudinal
axis and a transverse axis perpendicular to its longitudinal axis,
each heat exchanger bundle comprising a plurality of primary condenser sections (6) and at least one secondary
condenser section (8);
each primary condenser section (6) including a plurality of parallel finned tubes (10), each finned tube having a
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longitudinal axis parallel to the longitudinal axis of the respective heat exchanger bundle, each finned tube
attachedat a first end toasteam inletmanifold (12) configured to receive steam fromasteamdistributionmanifold
located below the heat exchanger bundles;
each secondary condenser section (8) including a plurality of finned tubes (14), each finned tube having a
longitudinal axis parallel to the transverse axis of the respective heat exchanger bundle; and
each heat exchanger bundle further comprising a plurality of outlet condensate headers (16), each outlet
condensate header connected on a first side to second ends of the plurality of finned tubes (10) of the respective
primary condenser section (6) to collect condensate, uncondensed steam, and non-condensable gases there-
from, each outlet condensate header connected at a bottom end to a bottom end of the at least one secondary
condenser section (8), each outlet condensate header also connected at the bottom end to a condensate
collection tube (30), and each secondary condenser section connected at a top end to a non-condensable
collection tube (32).

2. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein a face area of all
secondary condenser sections (8) in a heat exchanger bundle is 10% to 20% of a face area of all primary condenser
sections (6) in the same heat exchanger bundle.

3. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein in a pair of heat
exchanger bundles, bottom ends of steam inlet manifolds (12) of a first heat exchanger bundle are adjacent to bottom
ends of steam inlet manifolds of a second heat exchanger bundle.

4. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein each pair of heat
exchanger bundles is arranged in a V-shape configuration.

5. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein the plurality of finned
tubes (10) in the primary condenser sections (6) have fins attached to flat sides of the tubes.

6. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein in a pair of heat
exchanger bundles, bottom ends of two adjacent steam inlet manifolds (12) of a first heat exchanger bundle and
bottomendsof two adjacent steam inletmanifolds of a secondheat exchanger bundle are connected to a first end of a
one-to-four steam manifold adapter (24).

7. A large scale field erected air cooled industrial steam condenser according to claim 6, wherein a second end of the
one-to-four steam manifold adapter is connected to a steam supply manifold.

8. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein each heat exchanger
bundle includes four primary condenser sections (6) and four secondary condenser sections (8), each secondary
condenser section paired with a single primary condenser section.

9. A largescale fielderectedair cooled industrial steamcondenseraccording toclaim8,whereineachpair of: theprimary
condenser section (6) and secondary condenser section (8), is reversed in direction from left to right relative to an
adjacent primary condenser section and secondary condenser section pair, such that a first pair of steam inlet
manifolds (12) in the heat exchanger bundle are directly adjacent to each other, and a second pair of steam inlet
manifolds in the same heat exchanger bundle are directly adjacent to each other.

10. A large scale field erected air cooled industrial steam condenser according to claim 8, wherein a first half of the heat
exchanger bundle (4) ismirrored by a second half of the heat exchanger bundle, and each half comprises two primary
condenser sections (6) and two secondary condenser sections (8).

11. A large scale field erected air cooled industrial steamcondenser according to claim1,wherein twoprimary condenser
section and secondary condenser section pairs are adjacent to one another with the secondary condenser sections
(8) of both pairs adjacent to one another, wherein the two adjacent secondary condenser sections combine into a
single secondary condenser section.

12. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein each secondary
condenser section is paired with a single primary condenser section.

13. A large scale field erectedair cooled industrial steamcondenser according to claim1,wherein eachoutlet condensate
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header (16)hasa foot (28)at thebottomendof theoutlet condensateheader (16) that extendsbeneathandopens into
the bottom of the corresponding secondary condenser section (8).

14. A large scale field erected air cooled industrial steam condenser according to claim 1, wherein each steam inlet
manifold (12) has a longitudinal axis parallel to the transverse axis of the corresponding heat exchanger bundle.

15. A large scale field erectedair cooled industrial steamcondenser according to claim1,wherein eachoutlet condensate
header (16) is positioned between the respective primary condenser section (6) and the corresponding secondary
condenser section (8), and communicates uncondensed steam and non-condensable gases from the primary
condenser section (6) directly into the secondary condenser section (8).
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