SPERNECOND NSI NG MODULE W TH | NTEGRAL,

CONDENSER

FI ELD OF THE | NVENTI ON %Fﬁ%ﬁﬁgég?§9

i nvention pertains to heat transfer equipnment in general and nore

particularly
pur poses.

to air-cooled vacuum steam condensers for heat exchange

BACKGROUND OF THE | NVENTI ON St eam

condensers are used in the electric power ifthustry to provide the heat
rej ection segnent of their thernodynam ¢ Ranki ne power cycle. To

acconplish this, steam condgRSEr Sodefs R Ro80:e W rkhEvindaabst of low .
?l‘ge ﬁm VER g

pressure turbines so as to co
reuse in the power cycle. The primary function of the steam

return it for

ghteamto |iquid and

Ns@at % NEONDER!

condenser is to provide a |ow back-pressure at the turbine exhaust,
typically between 1.0 and 6.0 inches,HE alsolidrroy MBI Ntaining a | ow

back- pressure

. e

maxi m zes the powe ci ency.

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

»



The twb primary types of steam condensers are water-cooled surface
condensers and air-cool ed condensers. Wat er - cool ed surface condensers
are the dom nant technol ogy in nodern power plants. However, air-cool ed
st eam condensers are being used nore frequently in order to conply with
strict environnental requirenents. Ai r-cool ed steam condensers have
been used since the 1930's. The prinmary technical challenges that exist
t oday regardi ng such condensers are with respect to the approach used to
efficiently drain the condensate and the manner of trapping and renoving
noncondensabl e g&YStEPhiealey idiriaHic i dirPéakdacknepsshees. These air-

-2- - system whidg,mhnimlzl ng L0g. L QLoe, g;ﬁg}é19§e§§“re a 1hese Alfcne
cool ed steam condensers are typi call y arran "Prang’ constructi on
with a fan hori zaphattyctdoapesed atfahhBobizatary cdeposat atC@Rdepsay anhabe

nmodul es inclined thereabove through which air flows. The steaminlet to
t hese condenser ts&Bgrmﬁ?r&eqsgr 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 condemnser 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,
o 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



| bcatet at the top or apex so that the vapor and any resulting condensate
both flow concurrently downward wi thin the nodul e. Each nodul e of a
typi cal air-cooled steam condenser is generally conposed of four or so
rows of tubes stacked therein. As air flows upward around these stacked
rows, its tenperature increases resulting in a corresponding decrease in
tenperature difference between such air and the steaminside the next tube
row. This | ower tenperature difference for @3ch successive tube row
results in | ess vapor flow and condensation occurring with respect to that
t ube row. Since dakescuandensabhet dedosd caRphed Ve géedaQlRr vdrifedef€dn the
successi ve tube row, the two-phase flow pressure drop is also |ower for
‘each successi ve YBE hs5fer with vagum PURRS|9F BH%fCRSer, all the tube rows
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hi ghest (fourth or uppernost tube row) exit pressure. nsequently,
st eam and noncomdéntabl eogabd® EepdrasicmmioAlhivetrdeedekieinigerach tabe
di scharge ends of theiesfj rst three tube rows. st eam vapor now
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Noncondensabl e 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 the heat exchanger surface area required to condense the
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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



-B- bases that do not becone trapped are generally vented fromthe | ower
header wi th vacuum punps or ejectors. The ideal solution to the steam
condenser problemis to namintain conplete separation of fluid streans
exiting each tube row This is the fundanental approach of the steam
condenser in U S Pat. No 4,129,180. Rather than a common | ower header,
this patent discloses a divided | ower header with separate condensate and
vent lines for each division of this |ower header. Wth such independent
lines, there is no pressure cross-over between the various tube rows.
Condensat e |ines fersansath ap¥¢xlilona ¢krh Irgmatene thife gdepr fegviriteor emadademn

drain pot that is, confi ur.ed]Ivmth ar\g@tgg tIh]%gtggal t o bal q__nc%r%apge are

. approxi¥mace one-t condens .
di fferent pressurésp efween thém e’'vent T nes from eac IVISion of the

| ower header are sh&oa dépHiegnitudeperndastiyctdea & il dtnlhy aclinntqiagasenr
ejectors for eventual discharge to the atnosphere. Wiile this aggroach IS
with each bundle thereof incorporating multiple (usually four or
so) vertically stacked tube rows therein. In the dephlegmator,
howeyer, 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 collects the

condensate from the first or lowermost row of tubes which fully



i Heal , " manuf acturing and erection costs are higher due to the conplex
systemof drain |ines and vent piping. An alternate design that is
commonly ‘used is a two-stage condenser. |In the nmain condenser, steam and
condensate flow concurrently downward together through approxi mately
two-thirds of the heat exchanger surface area required to condense the

st eam Since the surface area of the main_ condenser is inadequate
for conpl ete condensation, excess steamfromeach of the rows is permtted
to flowinto the main condenser's common | ower header. This prevents
any backfl ow ofcondermsan thadteanntiowdan sisiretiyasob - batiidsi hrsrachese Yaibe

T condenser, WyprEhi T eaBphT oraRSr S EHa oGP P RGeY R e
(approxi mat el y omarkbirdh) opfrdble. t tloakvendans efateut fae AcEaiscHbidd haw
dephl egmator is constructed simlar to the main condenser

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



with ehch bundl e thereof incorporating nultiple (usually four or so)
vertically stacked tube rows therein—ln-the deph or, however, this
excess steam and noncondensabl e gasqu-l@%ggWA@ BEHN jlhese tube rows from
a |l ower common header before the gas Nr ged. The

resul ting condensate fromthis upwatd S
however, flows by gravity counter-currentlysdovmward back to the common

| ower header supplying these tube rows. This common | ower header thus

both supplies these tube rows with the excess steam and noncondensabl e
gases as wel | assEdré@ssvehe agohtitasee teoftrhingsBack B F oS - ‘Such -
a separate vent Cond%{ks%ﬁ tRLs %P%ngé@t&r kndOWIRILEAR 4 e -BRde candepser
is designed to prevent the main condenser from trapping any noncondensabl e
gases therein. Hewevel, cshoeHsert heavingnta cadndensepst t s fm@mbpnasree mahéi pl e

rows (which is normally the case), such_ a vent condenser wll, in turp,
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trappi ng noncond%ﬂ? dreog?éﬁéoéttﬁe 191vEH€14?@§l‘ttlooé/\ﬁH§fta§£ﬁﬁrf&| AMiGink @WRhe I OVS
will nerely be shitted to the vent condenser fromthe main condenser.
U S. Patent 4, 17%c8&8a1lditsch ogfesomaprndensaiiel gxbest dmrbhecanions érubgheens PHwer

header is baffled Thi s | .
the heat e?:‘éﬁgnggez'?'der gll'xgt%er 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 hea"ted 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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i hcorporates a separate inspection well that collects the condensate from
the first or | owernost row of tubes which fully condenses the
steam fl owi ng t heret hrough. This i nsggerFor—wett 15 usdd to check the

temperature of the condensate from tH| JHIG BHEET HAR BHEMN (lbes. However, this
pat ent does not disclose how to prevgnt frp\gé’WiDshouL t he condensate in

the inspection well approach freezing temperatures. Nor does this patent
di scuss the elimnation of backflowinto the tubes so as to avoid the
accunul ati on of noncondensabl e gases. O her alternate design

sol utions invol veefitodddenr idfi tes igwentiapperilaistestad equal i ze the
pressure. g o beteen {ube rons.  Shbbey U ShpCBRERQITY varY Lube (T
achi eve a bal anced st eam HRSSUsE $Hr@Rind\Y her alBVEdo1%al Wte, cal@snsdbed
in US. Pat. No. 4,513,813, arranges tubes horizontally with nultiple
passes. 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 vent 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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lh this arrangenment, the flow through each tube experiences a sinilar
cooling potential and therefore has a simlar condensation rate and

However, all of these alternate solutions either perform
well only at the steam condenser design operating condition and/or are not

pressure drop.

vent condenser

cost _conpetitive. An inportant design [imtation for the integra
is the counter current flowlimt steam vapor velocity.

this critical velocity, steamentering the vent condenser is at a

sufficient velocity to force the counter flow ng condensate (which flows

by gravity) to floowrapewhsdodrtiszadkygntiinno t he vent condenser thereby

preventing it from draining. This. |iquid ckfl ow nqw bei ed
greatly increases thefl%/ge'n? §5 fugaeEionag sy Qaaked’r Sporé glflﬁﬁsﬂrge Eaﬁ%'t fe

condenseér pressure uce

efficiency of thelaustfdiBYathe arrangement it €H ampve|Withsni ey easdssklhe

turbi ne back pressure.

It is an object

of t hBligpr dstntan AbBiRtrakiano cAnsl RoFaetdie Jirapgprent of

di sadvantages of ¢nLhe,RId QL &dwm 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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Atcording to one aspect of the present invention there is provided an air
cool ed steam condenser nodule with integral vent condenser conprising: (a)
at | east one row of el ongated condensing tubes having a first end region
coupled to a steam header for the passage of stemtherethrough;( b) a
common condensate header spaced fromsaid steam header and coupled to a
second opposite end region of said condensing tubes, said stem passing

t hrough sai d condensi ng tubes being partially condensed therein with the
remai ni ng uncondensed excess stem portion continuously flow ng through
said condensing taliesband riintor saade cmibat cbrdens afleo héwderexd@nget grfhon

condensate header being configured wt o0 paffles.or artoen erein
whi ch separate orW°‘H]|dv?"déerlaI]léy |%P“F5W§‘I}D %gacfﬂt%ﬁagﬁ’m ng getmfd‘§i1

| east one row of yent, GORACHSLra drBESsfRsbhi ongdaadiacentt aahdwgenemésley
parallel to said condensing tubes within the condenser nodul e, said vent

condenser tubes hearingsambdiliesnindouldgbenitrnshrreatedsdith asAmBRNer by

condensat e header for the_passage.there thro f S u n ess
steam for the conpfet™ PEdR gf’gnc Rereot” salgebo%tdgfn g%ldﬂll‘ gagliggao said

vent condenser tybas iBRIKGD Séu@ﬂt t6bt Ohedeapengd béelsinlef @rineg prasang e
with respect to the Ilongitudinal axis of said vent condenser tubes; d a

vent header conneéi%ferencarbelippm orr BB tRY Sl NS @REUtFhdans et atEel and
(e) neans for pasﬁer}%rCQPl J&Q%Qé ot p&?&ﬁ%dtﬂﬁ: cSQ&Q@Q§e{0 r{QdHé@ermlned by

Accordi ng to another as ect the present invention there is provided an
air cooled steantmndﬂnﬁerofmactlahm fldvh inht egfrealn hmercéﬁdmmhecém#%i ng:

(a) at |east one row of el ongated condensing, tuhes. havin a f|
regi on coupl ed t oPFKPERFFIESIER YDt ﬁ%cu"pé‘srs’é@eeq&frbé’?earﬁg? Aer € roug‘ﬁn (b)

a conmon condensabg: RRAERT: SRBGFIE oM EAIn&dRIM 2) .
In the drawings, condensate header 26 is conflgured as being
of the common type in that it is not compartmented oxr, baffled

which would otherwise separate or divide the various tube rows
i

14. Header 26 is also shown as being below or underneath steam
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

-

. header 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.



héader” and coupl ed to a second opposite end regi on of said condensing
tubes, said steam passing through said condensing tubes being partially
condensed therein with the

7 remaining uncondensed excess steam portion continuously flow ng through
said condensing tubes and into said conmbn condensate header, said conmon
condensate header being configured with no baffles or conpartnents t herein
whi ch separate or divide the said rows of S&7d condensing tubes; (c) at

| east one row of vent condenser tubes positioned adjacent and generally
paral l el to said xeedetisd ngnidhes sdcuhimy tcbedemmelar@akrnwmbe;hesahdiqmt
condenser tubes having a bottom-end region coupled to said

como
condensat e headert“¥8r=ffelpAEa§E1 F‘F@r‘eefar’fr GEGIFGFT sH ﬁaﬁn‘%ﬁd%ié‘éaﬁdﬁic%ﬁss
steam for the comgyseles CORGENRALLAL, w%%@horﬁ@;t@na%g heRdaLacORBREdRd to

an upper region of said vent condenser tubes; (e) neans for passing

cooling air throwgh firfee tbendenisers modules, %n@t(hﬁaSaezdcf@@Hdensﬁmgonlwb@s

condensat e header,, vent condenser tubeg and. vent ader elngafln%%§|oned
e t §* e

so that steam ent¥Eh§ S&i d VRHt"WHTHeREeFONde 5 | a198fo 15w

the critical coundghsgayrent flowlimt steam vapor veI00|ty for the vent
condenser tubes for reducing stemvelocity in the vent condenser tubes and
al | owi ng condensati onA$ oshewh | Ant Régveht dohelntderunrgbestubs XOEFUraF tY¥eithe

condensate headel,,a0d Whgr £l 0. 106 AP0k SRR0P1RE0 HAPRS AR PLAPIS, R 1O

have a di aneter Ia?&
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

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
sep;rate condenser or dephlegmator as was previously 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



than the diameter of said condensing tubes. BRI EF

DESCRI PTI ON OF THE DRAW NGS . Fig. 1 is a pictorial viewillustrating
the internal conponents of the invention. Fig. 2is a
sectional view taken along lines 2-2 of Fig. 1 illustrating the
arrangenment of the tubes within the condenser. Fig. 3 is an

illustration of an alternative arrangenent of the tubes as shown in Fig. 2
Fig. 4 is pictorial view of a typical entrariae opening of a tube in a

dephl egnat or. Fig. 5is a pictorial view of an oblique-cut
dephl egmator  tube_in 6 a pictori | e r
versi on of an obﬁldﬂ'-e%gﬁtt & kﬁ%n& O#E%lﬂﬁ§ws ?éts¥ éﬁe\%aQL BhRidGx

DESCRI PTI ON OF T@&P%Ewmmmmsupper tuBef e6w | 78y Winl t feddly e &i gs.
1-3, there is shown an air-
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.



cdol ed” condenser or heat exchanger 10. In this enbodiment, steam is
supplied to an upper steam header 12 of heat exchanger 10. Steam header
12, in turn is coupled to a nmain condenser which conprises a plurality of
tube rows 14. While Fig. 1 discloses three such tube rows 14 receiving
steam from header 12, there can be nore or fewer such rows 14 if desired.
Each tube 16 in each tube row 14 is generallg configured with a series of
spaced fins 18 secured thereto. These fing?I8 enhance the heat exchange
bet ween the tube 16 and the upwardly flowing air 20 passing through tube
rows 14 as forced by frag.22.alse oiherrendodhaenésh tabehraai n4f boOveheanadecur
naturally without the necessity of bein forced thereby ?otentially
elimnating the nedrfiegerf 4f Fomposed offjtpbes 15| jbifFht @dloRRYe offBe sFARS of

heat exchanger 10;¢Moced! 0092 nt8htidtahe Q0L 1bENGRCLIIDERN €Ll i1 24

t he ot her side - 9- woul d be a

mrror imge of thedsivhewor Ansoof hbate exbharmer 140to 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.

Located at the exit end of upper vent condenser xrow 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



wdul d general ly be constructed of a plurality of adjacent nodules 25 each
havi ng a cross-section simlar to that shown. These various nodul es 25
woul d be interconnected with each other by steam header 12 and conmon
condensate header 26 in a parallel relationship such that there would be
little or no pressure difference between or anong the various nodul es 25.
The actual nunber of nodul es 25 required for condenser 10 is determ ned by
t he volune of steamflow into steam header %23and the desired

back- pressure value to occur at t he turbine exhaust (not shown but which

is coupled to stean1he e drawi n densate r 26
is configured as ‘B&i ﬁg%%ﬁ‘t ERENUSIFROR® tcyaﬁe ccfnﬁé?u'??d g%?t (:a(%‘r’?partarr.1c9il

or baffled whichesubds©Ot RALFW &8 $ERAIAN Radh &HndefSed habuarmu&h&ﬂb@errows
14. Header 26 is also shown as being bel ow or underneath steam header 12,

but this need notred RByaf iyent rendaseer | AndriinavBntovert He JeeRMOM BRI TRYS
through tube Tove, Jdel ksl dhrdemldenseguilecell ' RRELAL 08, 20HLIQ0S

before it enters ToRer condensSare header "BéCause excess eam now
continuously fl ovwapkr o6 @aCls tldkated Gietd, tHeheefy@asiut€ dFetNeailrs ACdWinaws
14 is equalized in |ower header 26. This continuous purging of rows 14
insures that no WEERFRERIIPNLD APGBe FERELIAY FPSPn?%SwéE hfaagehersdnpy |the

oceur T such vgeng t 0 QGG enidlubn Wated DEGRTRLL nARRedoAaEEL N, Whi ch
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
- thexe 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



| éad t0 freezing of the condensate, and the rupture of one or nore tubes

16. Wi |l e | ower condensate header 26 is shown as being rectangular
i n shape, other configurations are also likely.
-10- Al so, the manner of securing condensate header 26 to the various

tube rows 14 and al so to heat exchanger 10 can vary as needed or desired.
Furthernore, by interconnecting the condensate headers 26 fromthe various
nodul es 25 of heat exchanger 10, only a sihfle or a | ow nunber of
condensate drain lines 27 need be enployed. As shown in Fig. 1,
integral upper tddaRrreWabtom@dhte GhRGENSCE Ziuisemdrtant edidjenenslllyy the
parallel to tube rows 14, but this upper row 28 serves as a vent condenser

whi ch both vent stubofdraehs #Bl b HASHE En FEERIRh SELIRE BK TS YeBM*
entering Condené:%%@fgxeaggragﬁeristﬁ%gag§ef?lfxs tﬂ? PV dtlfe! OY4rQbul Neubes

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



urdcondénsed excess steam t hrough upper row 28 from | ower header 26, any
resulting condensate will flow downward agai nst such steamflow Thus, it
is inmportant that the volume or velocity of such steamflow should not be
SO great as to trap or entrain this condensate wi thin upper row 28.

Basi cal |y, heat exchanger 10 operates by insuring excess steamfl ow

t hrough tube rows 14 of the nmain condenser -"1\’is£h conpl ete condensati on
occurring in integral tube row 28 of the“vent condenser. Wth this
configuration, there is no need to supply the excess steamto a separate
condenser or depheempsat steas enbsr ipwethousirypal esftiaigit-cdtnstipadsedmael tmdul e
25 now i ncor por at efz%:c;cs own vent condenser tube rows 2

ws 28. Fig 2
illustrates a typt AYF SGEBRT of HOURURTs iy SCRBET st A% I3 0P

vent tube row 28.verdthcbiishsak! ANGLFBRAt2s then 84 280k {D&iYal i dusat Ybes, 16
are all the sane. However, as showmn in Fig. 3, the size of the tubes in
upper row 28 can Weefpftow 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.



| &rger "than the tubes in tube rows 14 of the main condenser. Such |arger
tube sizes for upper tube row 28 will result in a slower _steamvelocity

t hrough this tube row 28 thereby re S Q@EET:' hthat any condensat e
will be held or trapped within suchr —ETFHAB AEEDr gt ect _

provi ded by adjusting fan power or |bl ade REPLAREDn or dfr to”muﬂﬂmnnﬂmmﬁm
20. The actual amount of control required 15 dependent on the condénser =

pressure anong ot her vari abl es. In factiean i nportant design
limtation for integral vent condenser tube row 28 is the counter-current

flow limt (CCFL) iskeam T,xi%%&bvg:oci ty. At this critical velocity, the
steam entering upper ro a sufficient velocity to prevent the
condensate therein fromfl| ow Ay deviatasitkadracdndeosar doteiades ti? Gntegilalsvent
condition increases the pressure drop across the vent condenser (i.e. tube
rows 28) thereby r&IIENTRF tWEPEIFiNGFency of condenser 10. It al so
increases the turbjJje Dacks ALeSHUr ¢ohh£Ne1dnga bG8 frg tubes HOVENCT
to avoi d such an occurrence, the tube sizing'shown 1n Fig. 3 can be

i mpl enent ed. Thesefioppernd ubesoR8condllednbt rdteani megteporat ete ps st adn
to increase their cooling ca acit}}/, but wll also be larger in size than
tubes 16 in tube roRE™IHISTRTATRIN; :

(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.

This Sheet Has Been'Reﬁlaced
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| drger "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 dianmeters). Additionally, each r _tube 28 I | al'so have a ftow

area greater than the flow area of tu emsgfﬁ,E@rrp.,ArgQ on t _,
their dianmeters squared). Hence, the stearng;q_mgﬂ,y ugh m '! Ml ,"'
wi |l be reduced. : o !"”',tes *

row 14 of the main condenser is corrposed of x’iubes 16 which all have the

sane diameter. This need not necessarily be the case since it is also

possible for. one of thgse;LulG LaVEeht LOhAsEL MLEEL Lhel YRGS 16 él%‘ﬂnng
a dianmeter different fromthat of the other adj acent tube rows 14.
exanple, while the vlvrﬂxebot?ea;mmtstttomoml negioncohsksd vehttqm@sni@: halveﬂgra
di anmeter of about 2 O% g so"eXl, hi her r.ow 1 14 magt ubes 1
with a dianeter of " about 1 S REnes o AS Bec‘i 8 t Ve c%’ffcfeﬁ er

row 28 may conpri $@id 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

This Sheet Has Been Replaced
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t Ubes 16 having a di aneter of about 2 inches OD. This reduction in

di aneter of the second tube row 14 aids in reducing the necessary Ventiing

capacity of vent condenser tube row Foe t he 1
upper vent condenser row 28 is pipe 3GH(338H5EEHP~§E¥?&N O”taHM!H"ﬁHiHﬁmlullll
whi ch recei ves the noncondensabl e rédjai nd@&EPHA fl t hr oughe uppem row «
28. This pipe 30 transports such noncomdensabl € gas to an air renoval
system (not shown). thereby venting any nonceitgensabl e gases entrained in

the steam supplied to header 12 or |eaked into heat exchanger 10. It is
al so possible to provide further freeze protection by |locatin irr val
FooT TiHegots aPase i

pi pe 30 within std8nhfEadBthe 31ametRELRY Hrtd Vent copjqpsey ty e

row 28 of the venty;gROAENIer &% cBRidHdiabagid. above tube rows 14 of main
condenser. However, 1f desired, these vent condenser tube rows 28 can be

| ocated within on2betaweirsesiieusieamogendensef nddalesds sebnferibein CRigdy,

while Fig. 1 illustrates fan air_flow 20 first._passin ver. tube.r 14
bef ore reaching ur‘)‘p%?r KPR é‘a%”t%‘é*“a? e FRYSther ©° s3%a’ coifhon

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 forth“in Claim .

14 wherein said vent header extends within said steam header.

This Sheet Has Been RTJlaced :




-13- ‘Vnrds, heat exchanger 10 can be configured so that air 20 will fl ow
past, say, two rows of main condensertubes 14, then over row 28 of vent
condenser, and finally over the last row or rows 14 of the nain condenser.
In any event, integral vent condenser tube row 28 is |ocated where the
tenperature of the air flowing therethrough is above freezing, such air 20
bei ng heated by the prior passage through tubes 14 of the main condenser.
One mai n advant age of heat exchanger 10 49the sinplicity of the renoval

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 renoval piping for each tube row. Al so, 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 tdigiev CONDENSING MOBUILLE WTH AePEGRA DerAKEw Vier tube
rows 14. Al so, by incorporating nmain condenser tubes 14 and vent condenser
tubes 28 within the sanme nodul e 25, sS@ONIBENSER realized since separate
conponents are no longer required nor is '

ABSTRACT

An air-cooled steam condensing module with an integral vent condenser has a
steam header (12), one or more rows of condensing tubes (14) between the steam header
(12) and a (generally lower) common condensate header (26). The module also has at
least one r(;w of vent condenser or dephlegmator. tubes (28) located adjacent the
condensing tubes (14) which connect the lower header (26) to a vent header (30). The

i dephlegmator tubes (28) may be of the same or larger diameter than the condensing tubes
(14).

Fig. 1.



there giﬁeed to deliver excess steam between them Wi l e the
enbodi nent shown herein incorporates. threeitube rows 14 in the main
condenser, nore or fewer such rows may adctually be enployed (and the

.di aneter of the individual tubes 16 therein nmay vary) depending on the
conditi-ons that nmust be net. Al so, the nunber and di aneter of vent tube
row 28 may also vary as needed. Further e, it is possible to vary the
width, Ilength, and depth of the various nponents of condenser 10 in
-14- - order to accommodate the user's requirenents. Additionally, the
tube dianeter, wall thickgqq?,lnaterial of construction, and heat transfer
characteristics of fins 13 or' of the various tubes and/or tube rows 14,
16, and 28 can be cgnstructed to a great nany specigqszt'ons wi t hout
departing from pFSTIRYgp tlah. A further enbodi of heat
exchanger 10,ffand nmor \\particularly t ube r2928 P A, i n Figs.

Bss

4- 6. I n thi' 9)(0.
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embodi ffent, the ends of each tube in tube row 28 which are coupled to

| ower 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. 1In this fashion, a |arger
opening 32 into each of the tubes of vent condenser tube row 28 is
acconpl i shed w thout increasing the overall dianeter of the individual
tubes. This greater.opening 32 resultsasm a larger CCFL val ue thereby
enabl i ng heat exchanger 10 to operate under greater |oad conditions. Thus,
regardl ess of the size or diameter of Jeh@ 4gondenser tube row 28, the
counter-current flowlimt is maximzed by the oblique angle of opening
32. By cutting opening 32 at an oblique angle rgher than a nore typical
per pendi cul ar angle as shown in Fig. 4, the st WdlRcity into opening 32
is reduced. Hence, the overall steamflow [atg canREMQ¥Adased until a
new hi gher counter- current flowlimt is/resgched. As can be

i magi ned, at the entrance to tube row 28 ¢ vent condenser | ocated

w thin | ower header 26, the excess steamynXyfondensate velocities are at
t hei r maxi num si nce condensati on of thg BSs steam occurs downstream of
such entrance. Also, at this .entrance nternal flow separation- caused
by the ' '

26
STEAM

CONDENSATE

450 ' ; . | -



)

-15- < éxcess steam enteri ng the normal straight-cut tube reduces the
effective flow area. However, by configuring the entr

condenser tube row 28 such as shown in Figs. 5
is increased which reduces the steamvelocity
‘Such a slant cut opening 32 also increas®s th

‘a faster rate of excess steamflow before the counter-

and 6,
into th
e CCFL v

t

becomes ”g?@&g.as i ik ?esrtﬂgltl?rgm%fbaat'g&e\éﬁﬁé condenser . Wil e

'Figs. 5 an ose a slante enin

aving an

angl e of 450, an

:openi ng configured at other mAWY' bﬁﬁﬂmiON” the inproveénents

descri bed above.

CLAI M5

heePLACEMENT GHEET e}

e

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |

According to one aspect of the present invention there is provided 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 stem thefethrough;( b) a common condensate header spaced ft:om said steam
header and coupled to a second opposite end region of said condensing tubes, said stem
passing through said condensing tubes being partially condensed therein with the
remaining uncondensed excess stem portion continuously flowing through said
condensing tubes and into said common condensate header, said common condensate
header being configured with no baffles or compartments therein which separate or
divide the said rows of said condensmg tubes; (c) at least one row of vent condenser
tubes positioned adjacent and generally parallel to said c_;ondensmg tubes within the
condenser module, said vent condenser tubes having a bottom end region coupled to said
common condensate header for the passage there through of said uncondensed excess
steam for the complete condensation thereof, said bottom end region of said vent
condenser tubes being slant-cut or tapered thereby forming an angle with respect to the
longitudinal axis of said vent condenser tubes; (d) a vent header connected to an upper
region of said vent condenser tubes; and (¢) means for passing cooling air through the
condenser module.

According to another aspect of the present invention there is provided 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 stem 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

e ko
Ebm:wgqm—



1. An air cool ed steam condenser nodule with integral vep—condenser T
conprising: (a) at |least one row of el ongated condensi REE‘bégEN@Wrﬂ"E&:
first end region coupled to a steam header for the pass

e of gt 7
t her et hrough; (b) a common condensate hgader spaced fronj @t t-gm%@r

- and coupled to a second opposite end redion of said cond mg- tupbes, sald
stem passi ng through said condensing tubes being partially condensed

therein w fdhnifiRe GHBbilcRsdU RO e BRs pBfRES SoRRITuRY" tHloRing Ofirbito U/
fl.owi ng through Said condensing tubes and into said cConmmon condensate

header, sag¢shdefsThi@ tube3ngah $itb Ssalib asdmoBeionderart hedes tsaid cbmiton Eidehesse or
conpartnents therein which separate or divide the said rows of said

condensi nghéadbe deing( configured ewitlt nonisafflesvoofcompattments dtherein whithe separatet ooned
adj acent and general ly parallel to said condensing tubes within the
condenser dividel the said dowsof saidnenndensing tubes; (e\at depst ane gowodh venl| coadenser

coupl ed to said common condensate header for the passage . therethrough of
sai d unconWbes Pgsitioned; adiaceniand, gengrally. papallel do éél‘i‘dﬁ‘%%@?% tubgsy @athin theyj g

Do e Lo o o . SO ARG, A B0 S o 0500
e O hoh RAbmokChedte! 5 i TRPBSER e BRGHE, FRH
D, S TP WhE ot RGBT AR PHES oo 53 i
L2 2 ol e R b0 cfclnd 0GRl chry b |
in clai m Z2coMaenddir modile: and (f) said condensing tubes, condensate header, vent condenser
tubes and vent header being dimensioned so that steam entering said vent condenser
tubes is at a velocity below the critical counter-current flow limit steam vapor velocity
for the vent condenser tubes for reducing stem velocity in the vent condenser tubes and
allowing condensation formed in the vent condenser tubes ito retufn to the condensate
header; and wherein the vent condenser tubes are dimensioned to have a diameter larger
than the diameter of said condensing tubes. |
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pictorial view illustrating the internal



common condensate—header_is bel ow or underneath sai : '
. eath said st %ﬁ%ﬂElﬁTéﬂEET N

air cool ed steam condenser nodule as set forth in claim

- pl [ - ]
RURHOCREST | 117 T 17 UG SRR BV )

5. An air cool ed stearh cdndénser nodul é°as set forth in claim3 further
conprising three rows of said condensing tubes and one row of said vent
- condenser tubes in the condenser nodugg, An air cool ed steam

- condenser nodule as set forth in claim3 erein said row of vent
condenser fubeay fir tosled S@amevgeret thod@lesvitf infpfdl eai dihdenser somprising: An
~air cool ed steam condenser nodule as*set forth in claim3 wherein said row
of vent ce)deaskasttoteaswi of dlomgteicondemsingeuibed kaving & first endwegioh coupldértsi ng
tubes. 8. An air cool ed steam condenser nodule as set forth:in claim3
wher ei n t he sttasnixader forfthe pasdageeoft stero thtgetbeoughubes is equal to the |argest
di aneter of said condensing tubes. 9. An.air cooled steam condenser

m)g ule as @Ot Acrommpm condensate haadero spaced drem 53id steampheader and squpled f@etiser
~tubes are larger than the dianmeter of said condensing tubes.. 10. An ali
cool ed st e8GRORE APPRSIS cpd Jegion f CPRFGNSING fURGS, ; S{{do SR PASING; O‘lﬂ?‘a??é‘ﬁer
. of said vent gcondenser tubes is. ftwce.the. .dianeter.of, said.c '

' tubes. 1 1500g¢nsinE e i’ﬁmﬁg Y riPRAEsPd it ¥4 t%f'gar' "'gid]g&?hg%ﬁqe%

further COMRdese is{}%n %ortioﬁ continuously flowing through said condensing tubes and into said

common condensate header, said common condensate header being configured with no
baffles or compartments therein which separate or divide the said 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, said vent condenser tubes having
a bottom end region coupled to said common condensate header for the passage
therethrough of said uncondensed excess steam for the complete condensation thereof,
said bottom end region of said vent condenser tubes being slant-cut or tapered thereby
forming an angle with respect to the longitudinal axis of said vent condenser tubes;

(d) a vent header connected to an upper region of said vent condensér 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 cut at an éngle of 4500; with respect to the
longitudinal axis of said tubes. |

3. An air cooled steam condenser module as set forth in claim 2 wherein said
common condensate header is below or underneath said steam header.

4,  An air cooled steam condenser module as set forth in claim 3 wherein a plurality of
such modules are connected together in a parallel relationship via said steam header and

said common condensate header.



condensat e dr aia—eennected t0 sai d common condensate header. said drain

being sized to ted condensate from sg lensajle
header. 12. AnJﬂiﬂmm@mumawcondenser nodul e as setﬁngrzgﬁgplﬁ&@I%g‘ Tllf
wherein said venth next ends generally parallel witpg said & t0GImI997
header. 13. An air cool ed steam condens®f nodule as s ESrth T chatml
wherein said vent header extends external to said steam header. 14. An
air cooledste G f ' ' rein. said
Vent headsr cal R ENIAP peaBCENSE rithic S 14 bl T Ry, 3 RuliR Glhrifig
condenser RQAUIGys\bf Baill oRBERing’ ibes GRAMRRSDW Qa&'xéhﬂgmdeﬁ?ér tuBbs hfﬁgat
one row of el ongated condensing tubes having a first end region coupled to
a st em heagmderser niddalepassage of steam therethrough; (b) a common '
condensat e header spaced from said steam header and coupled to a second
opposi te eénd rAniaimconledssteain condbmseri mgdule ae set forthdn lAan3 phsfdin gait Foaush
said condensing tubes being partially condensed therein with the renaining
uncondensent condenser tubes is located above said rows of condensing tubes.

REPLACEVENT SHEET . _ . . .18 excess

st eam por t4-on 4B air soeladsstean condenger modile las sefi forth dn ¢laimi 5 wherelie said rawi oft o
said common condensate heg:ler, .sai d ‘fommn condensat e header. bei ng

conf i gur ed’sRf eondgaser fubes) 1§ locgted dptermediate te saidawe of coidersing Bbss.at e or
di vi de th% sailgurows %fd S%eai d -cpndensi

air coo am condenser mocPu?e gsu?e? %érth in claim 3 wherein the diameter

of said vent condenser tubes is equal to the largest diameter of said condensing tubes.
9.  An air cooled steam condenser module as set forth in claim 3 wherein the diameter
of said vent condenser tubes are larger than the~diaineter of said condensing tubes.
10. An air cooled steam condenser module as set forth in claim 9 wherein the diameter
of said vent condenser tubes is twice the diameter of said condensing tubes.

| 11. - An air cooled stcam condenser mio_dule as set forth in claim 3 further comprising a
condensate drain connected to said co;nmon condensate header, said drain being sized to
remove any collected condensate from said common condensate header.
12. An air cooled steam condenser module as set forth in claim 11 wherein said vent
header extends generally parallel with said steam header.
13.  An air cooled steam condenser ‘module as set forth in claim 12 wherein said vent
header extends external to said steam header.
14. An air cooled steam condenser module as set forth in claim 13 wherein said vent
header extends within said steam header.
15. An air cooled steam condenser module with integral vent condenser comprising:
(a) at least one row of elongated condensing tubes having a fu_'st end region coupled to
a stem 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 cohdensed therein with the remaining uncondensed



(e) ‘at |east one row of vent condénser tubes posi ti oned a

general ly parall e!‘"ﬂﬁﬂﬂﬂlm ing tubes within the ¢ nggﬁgg E SAl SHEET
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common condensat e header‘fot the *passage;g t her et hr ough of _lincondensed

excess steam for the conplete condensation thereof; (d) a vent header
connected to an upper region of said vent condenser tubes; (e) neans for

passi ng caxbéssGtedni pofticaligbntinheuslyp fidaving throvgh/kdd condbnsing)ub&sal fRedgm@si ng
tubes, condensate header, vent condenser tubes and vent header being

di mensi onextmeon hondepsata rheaddre said conaneh vemiensaten Headse being weafipsredtwith no
velocity below the critical counter-current flowlimt steam vapor

vel oci ty fhafflashervegmpartnenis serein ebich f separated 9 i diyidst éhe saidosowy ofh saide
vent condenser t{ubes and all ow ng condensation forned in the vent
condenser “CRSISIMESUPEY irn to t he condensat e header ; and wherein the
vent condenser tubes are di.nensioned to have a dldaa{a?ter a!ln%ggnreral{ han Ithge

di amet er d€) <At leaskape ey ﬁ)& vepteendenser tubes positione acent y para

to said condensing tubes within the condenser module, said vent condenser tubes having
a bottom end regibn coupled to said common condensate header 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 vent condenser tubes;
(¢) means for passing cooling air through the condenser module; and
(f) said condensing tubes, condensate header, vent condenser tubes and vent header
being dimensioned so that steam entering said vent condenser tubes is at a velocity below
the critical counter-current flow limit_steam vapor velocity for the vent condenser tubes
for reducing stem velocity in the vent condenser tubes and allowing condensation -foirmed
in the vent condenser tubes to return to the condensate header;

and wherein the vent condenser tubes are dimensioned to have a diameter larger

than the diameter of said condensing tubes.
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