1 0.45.3 i-~-. STEAM CONDENSI NG APPARATUS |
STEEEEErE e e rerr e rrer~errerrerrerrrlr BACKGROUND OF THE INM%N@ C?
*159159* 1. Field of the Invention The invention is generally'r 1% gﬁ’ﬁ%

steam condensers and nore particularly to steam condensers that ‘pﬁbﬂne
the use of air-cooled vacuumdry steam condensi ng technol ogy mnt
pi pe, technology. 2. General Backgrowu Air-cool ed steam condens u Sed:

in the steam power- generation cycle are typically arrangedgLngangéLiiju&L
construction with a fan at the base and inclined condenser tube

each side. Air flows throu§RERHeCPHRENAENGCARBARAY er al secﬁlmmmmmﬂmwmm,

st eam condenser. The steaminlet is at the top of each bund

vapor

rows,

the pibihesPeriRd Uigvéicigases and the tenperature diff-erence

bet ween the condensing steam and air deceases. The | ower tenperature
di fference forheathiventi®ssiy aydrbita 11GWrieaattblStb NstedR SSorkdsrasAtd .

Si nce the condensate and steam fl ows are
t hemome- phrtéchlanlyr tsssteandraumdiessaksothatecombineathet uise kﬂw

row,

| ower for each successive, tube

| f

bundl es on?

the tube rows discharge into a common rear header, the differences in tube

row exi t 21preQeledvasuy dry sEgapycendens i teshoodgersbtl Ig%%"esplmﬁ t he
rear. heager enierlng the ends of the tube rows that have & 1omer

2. General Background

Air-cooled steam condensers used in the steam power-
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generation cycle are typically arranged in an A-frame

construction with a fan at the base and inclined Eondenser tube
bundles on each side. Air flows thfough the fan and across
several sections of the steam condenser. The steam inlet is at
the top of each bundle and thé vapor and condensate flow
concurrently downward. Typically, there are four rows-of tugéé
in each condenser bundle. As air flows through the foﬁr rovs,
the air teméerature increases and the temperature difference

between the condensing steam and air deceases. The 1lower

temperature difference for each successive tube row results in,

less condensation. Since the condensate and steam flows ére
lower for each successiye tube row, the two-phase flow pressure
drop is also lower for each tube row. ' If the:tube rows discharge
into a common rear header, the differences in tube row exit
pressures are resolved by steam and noncondensable gaség;in the
rear header entering the ends of the tube rows that have a léyer
pressure. Since the lower tube rows have lower exit pres;h;es,
they have steam entering both ends and over time noncondenséb}g
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and condensate flow q ti fﬁé g&ﬁ FF! pically, thengsare four5 -
rows of tubes in each coBém}ﬁpr o ﬁ ¥ threugh the four



.prressure. Since the |ower tube rows have |ower exit pressures, * they have
steam entering both ends and over tine noncondensable , 7y "t ' n .
Lrrerererrerererrerererrerererrrrertrrrr ~ 0 *G0QOR* o gases collect in
t he tubes. These pockets of noncondensabl e gases bl ock | ocal steam fl ow,

al l owi ng condensate to freeze during cold weather, which can result i®n
tube rupture. Noncondensable gases are-nornmally vented fromthe rear?%
header w th vacuum punps or air ejectors. To overconme this problem-the
cl assical solution has been to design for excess steamflow _through each

tube roW2Shie SXLERCE siBarPfr SHRRSs t NBhesR chRPTielS off oNORAGABERBEARASI e

res.above freezing S _excess

' ' | d t t t .. _Thi
Sroam 170 ehl PRoRReAty T ot ¢ SIPR! calneReBRy SOroeREaHE, 1o oERSRFFI ovt
|'s condefisfthd N cA SIS O MEld, C%\%ﬂ?“%@%mlheigypﬁ% vgg%tﬁpgden_sef‘ .
Is a dephlegmator (ref |ux condenser) I C as steamftlow up an 1nclined

tube, codenRsElenakQe dwsddiheravahdsma Bl ¥ridm e tHder&HPdRESaL L
downwar d. The noncondensabl e gases flow upward out of the tube and are
r enoved Wathy yagunmppwpiss oyr aiir ejjectors. TSt evercamsanser ptobaamngtipe obl ens

have al sq been qverconme in the past through the use of heat pipes. Heat
pi pes WSH@SFISR L SobyntRihshast daan THe design WARY paXSessoideathef low

evaporatt%rroﬁg?]ﬁ e%f thre{f heat _rpié'pes and condensed whil e anbi-ent air was
forced ovVer e BSNIen¥Ee sF®¥ of t T@°heSXCFFPesStIMHB CBRAETRET ¢ RS
accumulation of noncondensable gases and maintains cénaensate
temperatures above freezing. This excess steam, typically twenty
to thirty-three percent of the total steam flow, is condensed in
a secondary or vent condenser. The typical vent bondenser is a
_dephlegmator (reflux condenser) which has steam flow up an
inclined tube, condensation on the tube walls, and drainage of
the condensate downward. The noncondensable gases flow ﬁpward
out of the tube and are removed by vacuum pumps or air ejectors.
Steam condenser freezing problems have also been overcome in the
past through the use of heat pipes. Heat pipes were used to
condense steam. The steam was passed over the evaporator side
of the heat pipes and condensed while ambient air was forced over
the condenser side of the heat pipes. The condensate wasj
collected at the bottom of the steam duct and returned to the
boiier' for reuse. These approaches are subjecﬁ to some
limitations and do not necessarily offer a simple approach ;o the
management of noncondensable gases. |

SUMMARY OF THE INVENTION

The invention addresses the limitations of the prior art.

What is provided is an air-cooled steam condenser that also uses
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.col lrected at the bottom of the steam duct and returned to the boiler for
~reuse. These approaches are subject to sone. limtations and do not
necessarily offer a sinple approach to the managenent of noncondensabl e
gases. SUMVARY OF THE | NVENTION The invention addresses the limtations of
the prior-art. Wat is provided is an air-cool ed steam condenser that al so
uses -3- heat pipe technology so as to-3e freeze proof under any anbi ent
conditions and offer a sinple approach to the managenent of noncondensabl e
gases. S%ean1fLom5 through the main condenser w th concurrent: steam and
condensaf’&3f| BiPRoWARRREIOINHEC HRstto theafsreresnr pof cundemn any dmpriexitr f 1 ow

are desi . t hat, er the .range of operating conditions, all of the
stean1dog§ﬁ§6?ggggwaﬁﬁeﬁ YonBesEPATd 3PS Lorkq nHoisPFPaLFPENEadf t ube

. Thiysn i of o0f s h 5, A
r ow, hencBRaLALGHT! LARE! SIGAUAN0LPYGRRHNERE WS Uondenser

noncondensabl e gases. e excess stea I ows t he 1 ower

secondar yienndensakrefet seBahNahdulddraesgabatk 1Bl PESwnwhPal Ne T9HRC @{égxacr y
condenser section, the excess steam condenses on the evaporator side

ext er nal tsansfier strfaeehantapap@stadhgir OISO nHan SRk iy rdds eudm ahdte i n
in the | ower header are vented wth an air renpoval systemsimlar to
convent i BHEF Ermdangs of operafeimatcornditibes), oakl dfeater stleam nodo nat
condensat e tinE Lgr reuse in the power %eneration cycle. BRI EF DESCRI PTI ON
OF THE DRAWY rCAIRIh AN VRRAT SRATAGUBRS ek ureadindudlsy gows of

the This continuous flow of steam vapor purges these rows of
noncondensable gases. The excess steam flows into -the lower .
header to a secondary condenser section that utilizes heat pipes.
In the secondary condenser section, the excess steam condenses
on the evaporator side external surface of the heat pipes. The
noncondensable gases that remain in the lower header are vented
with an air removal system similar to conventional condensers.
Condensate in the lower header drains to a condensate tank for.
reuse in the power generation cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature and objects of the
present invention reference should be had to the following
description, taken in conjunction with the accompanying drawing
in which 1like parts are given 1like reference numerals, and
wherein:

Fig. 1 illustrates a prior art air cooled steam condenser.

Fig. 2 illustrates a prior art air cooled steam condenser.

Fig. 3 illustrates a prior art air cooled steam condenser.

Fig. 4 illustrates the invention. H

Fig. 5 illustrates an alternate embodiment of the invention.



.present invention reference should be had to the follow ng description,

" taken in conjunction with the acconpanying drawing in which like parts are
given like reference nunerals, and wherein: Fig. 1 illustrates a prior art
air cooled steamcondenser. Fig. 2 illustrates a prior art air cool ed
steam condenser. Fig. 3 illustrates a prior art air cooled steam
condenser. Fig. 4 illustrates the invepdion. Fig. 5 illustrates an

al ternate enbodi ment of the invention. -4- Fig. 6 illustrates a second
alternate enbodi mrent of the invention. Fig. 7 is a sectional viewthat

i | lustrates ofd%f &€ hélheatrapepes wee¢ndn alfernatentanpedimegt &1 sthe
sectional, view.of an alternate enbodi ment of a heat pipe that may be used
W th thelfhf %M. Fig. 9 is a sectional viewthat illustrates an

alternate e mgnt L0 Bﬁﬁf t a t.he inven :

s a V|em1taggﬁgglon% |£ﬁ%§§&% aaégaqhgg f%iiﬁgﬁﬁﬁﬁﬁ B5EScR %Pﬁﬁ?»? 'THE
PREFERRER ipMBORLMENE nAs hee8RvbAtiBg. prior art illustrations of Fig. 1,
air-cooled steam condensers are typlcally arranged in an A-Frane

construction WHigh 8 fianalBSeatibhel basew &1 anneliceedacandgps@imehtiber bandl es
12 on each side. Air flows through the fan across several sections of the
st eam coh¢aifs pipeStbath iaynbet vagd Wutmntne]zhvenumqmected to an upper steam
header 16 mhlch provi des

Fig. 9 is a sectional view that illustrates an alternate
embodiment of the lower steam header of the invention.

Fig. 10 is a view taken along lines 10-10 in Fig. 9.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As seen in the prior art illustrations of Fig. 1, air-cooled
steam condensers are typically arranged in an A-Frame
- construction with a fan 10 at the base and inclined condenser
tube bundles 12 gn each side. _Air-flows through the fan across
several sections of the steam condenser. Steam from steam
turbine 14 is directed to an upper steam header 16 which provides
a steam inlet at the top of each bundle 12. The wvapor and
condensate flow concurrently downward in the bundle to a lower -
or rear header 18. An air ejector or vacuum pump 20 is used to
vent noncondensable gases from the rear header 18. The
condensate is collected in tank 22 and directed to condensate
pumps not shown for reuse. |
Fig. 2 illustrates a prior art solution to prevent freezing
of condensate. The condenser tube bundle 12 is designed to cause
excess steam flow through each tube row. The excess steam

prevents the accumulation of noncondensable gases and maintains

condensate temperatures above freezing. This excess steam is



_a steaminlet at the top of each bundle 12. The vapor and condensate fl ow
~concurrently downward in the bundle to a |ower or rear header 18. An air
ej ector or vacuum punp 20 is used to vent noncondensabl e gases fromthe
rear header 18. The condensate is collected in tank 22 and directed to
condensate punps not shown for reuse. Fig. 2 illustrates a prior art
solution to prevent freezing of condessate. The condenser tube bundle 12
is designed to cause excess steam flow through each tube row The excess
steam prevents the accunul ati on of noncondensabl e_gases and nai ntai ns
condensat®nAEnFSCatlllr 8sSAPOVRAFY ¥z VRt TRNdebsel Xt st 8am t¥Pical cvemiensed

in a secq aor..yent candenser 24. The typical vent qQndenser 24 is a
dephlegnﬁ#%%&%FE?'F%xl%éh EREEF PEN(HRS 2 EQRPERF W U %ﬁ% Bﬁﬁl??ﬁﬁptube,
condensatd QR t : I nd 'Qg% of qgggp owgﬁgrd.
The noncondengi;blgg?g%gge)gﬂ% ogvu%%(/va(r:odg%% 0 eot%eor{ H%‘eecan a?géfles?r‘ove by
vacuum pdrasinage aifl thjecclidenshite: ddwakaedi| | UhEr AbRSoRAPKE M1l dasSed uti on
to prevent freezing of condensate. Heat pipes 26 are set upinayyY

conf i gur &tliown up¥agdewatoodt dhesitodeofanttherheaempved sby svanoimsatips non
steam header 28. The steamis condensed as it passes across the evaporator

side of H&E KI&FLPTrSes 26. The condensate is collected at the bottom of

t he header 28_and retqgged.ig the boiler for reuse. Fan 10 causes induced
air flow acrofd9rne THiYehitPSEFRELSop. PrAErhaEt FOJediry EURFSHIIT ng

and freezing of condensate. Heat pipes 26 are set up in a Y
configuration. The evaporator side of the heat pipes is enclosed
in a steam header 28. The stean is condensed as it passes across
the evapdrator side of the heat pipes 26. The condensate is
cqllected at the bottom of the header 28 and returned to the
boiler for reuse. Fan 10 causes induced air flow across the
céndenser sides of  the heati pipes to cause cooling and
recondensation of the working fluid contained in the heat pipes.

The present invention is generally indicated by numeral 30
in Fig. 4. Steam condensing apparatus 30 is generally comprised
of main cbndenser 32, lower header 34, and secondary condenser
36. |

Main condenser 32 is formed from upper steam header 38 and
one or more tube bundles 40. Upper steam header 38 receives
stgam'from steam turbine 42 via line 44 and then directs the
steam into tube bundles 40. Each tube bundle 40 is similar to
tube bundles generally known and used in the industry in that
several rows of tubes, usually four, are provided for receiving
and condensing steam. The main difference:in the tube bundles

of the present invention from the prior art is that they are not



.recondensation of the working fluid contained in the heat pipes. The
~present invention is generally indicated by nuneral 30 in Fig. 4. Steam
condensi ng apparatus 30 is generally conprised of nain condenser 32, |ower
header 34, and secondary condenser 36. Main condenser 32 is forned from
upper steam header 38 and one or nore tube bundl es 40. Upper steam header
38 receives steamfromsteamturbine <4 via |ine 44 and then directs the
~steaminto tube bundles 40. Each tube bundle 40 is simlar to tube bundles

generallﬁegno%n agd used in the industry in that several rows.of tubes,
usual |y T6ard e Brovm § GS MG Wnéhe dfeagoagengsagble eaminsteadyai n

di fferenggel Reif nd| of the present jinvention-fromthe prior art
is that they ar eel?l{(‘)%@§%&]dgeusr%sgaﬁeed alr(?acﬁﬁﬁe??s% 4T e SFornhkans dfmaxe

possi bl edekngheadsuch héhQEanIeEaEﬁfeei—?ﬁ(géf@fe%pf’%?ea d%%? ac{cia -%i;r%fﬁ',f‘i’g’&hgomal |

fans 46 are designed such that over rang

of the sb€artlupestrah cddgs eholky SOMIENSA ANdoRbERLR v%%grl#:‘tg_)%gi B’:ég#%lr?/ed

exits the bottom of each tube row into | ower header

enbodi mefPNtinyeys by et thiegbby tpar 6£ndactptubberay ai hed 1wy haggedr €a i s
used in the tube bundles 40. This surface area, conbined with fan air
flow, redtttst? theRiesannace epbogdments osbigntseymn dente ightiyhgerceam bei ng
condensegfi@hgaggagfnggnser 2. The continuous flow of steam vapor purges
the tube rows in fain-conGBhEBFe32T8R h§nEERdehBabhe tyheebunthes dReess

uncondensiefs St@Faad 99@&9”%%%%%2% 935E° fan air flow, results in

approximately twenty to eighty percent of the steam being
condensed in main condenser 32. The continuous flow of steam
vapor purges the tube rows in main condenser 32 of noncondensable
gases. The. excess uncondensed steam and noncondensable gases
flow into flow into lower header 34 and then to a secondary
céndenser 36. |

Secdndary condenser 36 is in fluid communication with lower
header 34 and positioned in line with main condenser 32. Heat
pipes 48 ;re positioned in secondary condenser 36 such that the
evaporator side of each heat pipe is at the lower end of
secondary condenser 36 and extends into lower header 34. The
condenser side of each heat pipe is positioned toward the upper
end of secondary condenser 36. In this manner, the uncondensed
steam from main condenser 32 condenses on the evaporafor side of
heat pipes 48 and flows out of lower header 34 through condensate

drain 50. Noncondensable gases are vented off to an ejector as

indicated by numeral 52.

Fig. 5 illustrates an alternate embodiment of the invention

wherein main condenser 32 and secondary condenser 36 are oriented



flowinto flowinto | ower header 34 and then to a secondary condenser 36.

" Secondary condenser 36 is in fluid comunication with | ower header 34 and
positioned in line with mai n condenser 32. Heat pipes 48 are positioned in
secondary condenser 36 such that the evaporator side of each heat pipe is
at the |l ower end of secondary condenser 36 and extends into | ower header
34. The condenser side of each heat ptpe is positioned toward the upper
end of secondary condenser 36. In this manner, the uncondensed steam from

mai n condenset._32_condenses on_the evaporator side of heat pipes 48 and
f1 ows ouﬁgb% o%é?pﬁegaﬂfl%ﬂr?ﬁf8ﬁghn% ffaf® i8raitRe seonREfEoHe R abl e

gases ar qsvanbed,otfiet Qnggﬁgigﬁt &6nde s%%g:ihfeate?{gzﬁgéngggﬁlrgﬂeﬁx ﬁs?%?Fr#gar)?

illustrates an alternate enbodi nent o nven

condensecoddeaBdrse6 ONAfNC RGNS 3as85CaLE INIHES of Waali’%éé‘?soﬁ .
the 1 nvention

configuration instead of an in-line configuration. As above,

condenses theFégcess dldastiatsecaiitaher COnElaitle 36mbdpirandengahls gases
are vented off via lines 54. Fig. 6 illustrates another alternate

enbodi neAVERtipe wherean dlrewmerigi mideseeomiand cEiEdEns NSRS
describedb above are consolidated into a single condenser 56. Single
condensefP88%i MIUIESNEBhVEAEPSndnto megingbes comdenserdiStect Simnedm f1 ow

fron1toch9dQ8L£9anngnh gé | pes 36 ,Asafefpre, the heat transfer surface

area and fan arr frow a?g %gl 538& ahigna} eAnngfkrtuhes S8 ddads dg@ck i ng

condi ti oBgeas! £18% fﬁ%ﬁl%&ﬁﬁ%biﬁottom and heat pipes 26. As before, the
heat transfer surface area and fan air flow are designed such
that over the range of operatihg conditions, all of the steam is
not condensed in tubes 58. The continuous flow of steam purges
tubes 58 of nonqondensable gases, The remaining steam that exits
the bottom of tubes 58 is condensed by heat éipes 26 which have
their evaporato} side extending below the exit end of tubes 58
in lower header 34. Condensate drains from condensate drain 50
to be collected for reuse. Noncondensable gases are removed via
vent lines 54. Fig. 6 illustrates four rows of pipes, with heat
pipes 26 being the lower or first row. It should be understood
that heat pipes 26 may be positioned in any row of the tube
bundle.

Fig. 7 is a detailed sectional view of a heat pipe 26 and
lower header 34 as used in the invention. Heat pipeé 26 may be
fabricated out of straight round, elliptical, or flat oval tubes
that may or may not contain an internal wick. Heat pipes 26 are
sealed at both ends and contain a predetermined quantity of heat
transfer fluid_60 at a predetermined vapor é;éssure. The fluid

used will depend upon the application and conditions. Examples



,not -condensed in tubes 58. The continuous flow of steam purges tubes 58 of
~ noncondensabl e gases. The remaining steamthat exits the bottom of tubes
58 is condensed by heat pipes 26 which have their evaporator side
extendi ng bel ow the exit end of tubes 58 in |ower header 34. Condensate
drains fromcondensate drain 50 to be collected for reuse. Noncondensabl e
gases are renoved via vent lines 54. FBg. 6 illustrates four rows of

pi pes, with heat pipes 26 being the lower or first row It should be
y row of the tube

under st 0Q heat pipes 26 may be positioned in any ]

bund! e. F‘?i%.ﬁé}iagu sFref‘r}fef'{ééJiJ |f§b‘1§eBFF8néP IHevpRsnta hisadt PAPpeapBlinationwer
header 34y.as, used LB+ the inyention, Heat pipes 26 may he _fabricated out
of straight round, eFI%E?ﬁ%gﬁ,qﬁ?'fW%ﬁbﬁgy&V gL ar har S mayHAdE
contai n ardmtfenallulicikeo HRAnaIRL T2 dBEC inSE 0 d
contain a predeterm ned quantﬁ}ylgf heat t%gns?é§g¥$ﬁ?€ %%cgggg 8? of

pr edet er Hia®dd Pimeor 6pr eWhenehedhef { bud dintis @ apolrh td@P8Bdt UeRNe 3 Neheat
application and conditions. Exanples of heat transfer fluid used in

di f f er enttRESESF F Hsh|§ L aaRAILZ8m 0, randvimot Heati tRnt hereitanol and
anmoni a, a%%.;reon. Heat . transfer fluid 60 normally resides in evaporator
section 62 5PN9hE8NdENEatIEN YheReREatand dwaviedsoupvapdr lnte cendénmers?,

Causi ng eosdanmary o S8 FIERY 17 HPRled pub APHdans GonBebeer Lha e on 64
2T Tlow The heat Cranarertt CRoNAt HeBt R tree "t i Sect  on
62 by graetuynkl du EAERRRAIr section 62 by gravity flow. Condenser
section 64 may be provided with fins 66 to provide a large heat
rejection surface area. Fins 66 may be extruded, embedded, of
wrapped aluminum or steel and can be solid or serrated depending
upon the pressure drop and heat transfer requirements. Heat
pipes 26 may be placed ih inline or trianéular tube pitches
depending upon the pressure drop and heat transfer requirements
of the system.

For improved heat transfer performance and corrosion
resistance, Fig. 8 illustrates a heat pipe 26 that has the outer
diameter of the evaporator section sleeved with a low friction
coating 68 such as polytetrafluoroethylene. The low friction
coating promotes drop wise condensation which improves the
condensing heat transfer rate by about one order of magnitude.

In addition, the coating provides a corrosion proof boundary that

allows the use of inexpensive carbon steel based tubes for heat

pipes 26.

Fig. 9 and 10 illustrate an embodiment of a lower header 34

that is provided with a plurality of thermowells or sleeves 70



.section 64 may be provided with fins 66 to provide a |arge heat rejection
surface area. Fins 66 nmay be extruded, enbedded, or wapped al um num or
steel and can be solid or serrated depending upon the pressure drop and
heat transfer requirements. Heat pipes 26 may be placed in inline or
triangul ar tube pitches depending upon the pressure drop and heat transfer
requi rements of the system For inprowed heat transfer perfornmance and
corrosion resistance, Fig. 8 illustrates a heat pipe 26 that has the outer

di anet er t tar section sleeved wth ow friction, coating 68
such as Bg §t€%a ?ﬁ%’g%éﬁﬁ:y c(;%glé’. %?hiow%ﬁvel?er%lgceﬁ 3% Leo’a‘??’ﬁga OrHoRESdr op
Wi se condensal i ogadMl cheb¥RT ONLSi L Ne 3 ,6ANARNSNM, RRAL, T 6RASH el 15§ Y
about one order of magnitude. 1In a é|t|on, t'he coating prOV|é%s a

corrosi onlpapaficbdobertiadyn thed ireldOWE dnd@ eS8 0f1 &ECX PANHNE 13 R 3t eel
based tubes for heat pipes 26. Fig. 9 and 10 illustrate an enbodi nent of a
| ower he@deretdr ofathe sepaperatktdr wsédtboplafr &l iHeatofpipleerEowel lreduce
sleeves 70 -9- that are welded directly to | ower header 34 to forma

| eak- pr obRerBal regishancecye I nesiudiredd teo ippsovee hgatnranspopts | &

cl earanc bet%f n the_inner dianeter of sleeve 70 and the outer dianeter

of the eVapoPAroY SRITTH ¥ SUHREANGH D6 A% FEdFee Ot HdAMAR PEYi deance.
o 6 o RS el 05O shar o bR T bR R B
are hel dgrdvptyiC€nlythe tube supports commonly found in the condenser
bundle frame. This provides another means of eliminating
corrosive contact of heat pipes 26 with the steam. As referred
to above, the exterior of sleeves 70 may be coated with a low
friction coating to promote drop wise condensation, thus
improving the condensing heat transfer rate.

In operation, steam received in upper header 38 flows into
the tubes in tube bundles 40 where some of the steam is condensed
and flows into lower header 34. The remaining steam flowing out
of the tubes into 1lower header 34 purges the tubes of
noncondensable gases. The remaining steam is condensed on the
evaporator section 62 of heat pipes 26. Noncondensable gases are
removed via vent lines and/or vacuum pumps. The arrangement of
tubes and heat pipes causes a constant steam flow through the
tubes in the tube bundles to provide for freeze-proof tubes in
the tube bundles. The only freezing possible in the design of
the invention is on the outside of the heat pipe section located
in the lower header. Since this occurs on the exterior of the
heat pipes, it will not damage the heat pipegrA The lower header

embodiment of Fig. 9 provides the advantage of being able to



~.gravity and the tube supports comonly found in the condenser bundle
frame. This provides another neans of elimnating corrosive contact of

heat pipes 26 with the steam As referred to above, the exterior of

‘sl eeves 70 may be coated with a low friction coating to pronote, drop w se
condensation, thus inproving the condensing heat transfer rate. In
operation, steamreceived in upper heather- 38 flows into the tubes in tube
bundl es 40 where some of the steamis condensed and flows into |ower
header 34. The renmining steamflow ng out of the tubes into | ower header

34 pur gest VS Yistabhdiirte R gadds figddr WikPARRgtEeehfirfisto

d tor,. t] 62_of t i : d bl
Gases ar & g Ernal i it udhore L e m R SReoParFaRaBRoE of

tubes anthipatoi e L1585 a constant steam flow through the tubes in the
tube bundles to provide for freeze-proof tubes in the tube bundles. The .
only freezing pasaidd edny e ydeg 8RA0H; £ dei Ad @I Rent sORalNBeORhgbde Of
t he heat pipe section located in the |ower header. Since thiS occurs on

t he exterMigthisf the skepe pifpesthei tinwehtinet cdanage matdimattayiqras. ande

| oner header enbodiment of Fig. 9 provides the advantage of being able to
-10- renPREANME MWamodiddcasipas mayt be madd dnwithieoembpAémantdheveinut
and remekg!th wel d between the heat pipe 26 and | ower

jfficult I
header 3 é%%% Ve dibter QesRyIBRbYEi Fedrireamsnbeofrable
wi t hin tl’leavﬁcoipce J(.)é Ec.bebé ”MSEE:‘:é’Eo&S’ n&%’é ‘lt}meé eéer]tatialusgq;eraenidn are to be

interpreted as illustrative and not in a limiting sense.



_because many nodi fications may be nmade in the enbodi nent herein detailed
in accordance with the descriptive requirenent of the law, it is to be
understood that the details herein are to be interpreted as illustrative
and not in alimting sense. -11- Wat is clainmed as inventionis: 1. A
stean1conden5|ng apparatus, conprising: a. an upper steam header; b. a
mai n condenser in fluid conuni cati on-wath said upper steam header, said
mai n condenser bei ng designed such that only a predeterm ned portion of
" the steanlfIOM/therethrough IS condensed therein; c. a |lower steam header
in fluid co § oR 13 ehndisnser; d. a secondary condenser

in fluid 1comu kgg% con th sai d Iomer‘stean1header and e. a plurality of
heat pipées recarve Pﬁlggcﬁﬂﬁﬁfﬁtu%bﬁdﬂﬁgéﬁ1Pﬂat cause condensation of

st eam not congdensgg the§aé@eQR'H geodenser. 2. The steam condensing
apparatus of claim1, wherein sald maih condenser is desi gned such that
appr oxi mat el ybt weaitiya 110 dar@étméerpe.hCEml&fcotnﬂﬁm%%%%B' Pk hef &8 Y,
condensed. 3. The steam condensi ng apparatus of claim1l1l, wherein sali naln
condenser ands§eeanaa9enonden®emafnendnd@nagedbenn@ndéiﬂgﬁﬁﬁ amH itHatat i on.

4. The stean1conden5|ng apparatus of claim1, wherein said nmain
nly a predetermined portion of the steam flow therethrough

is condensed therein;
c. a.lower steam header in fluid communication with said
‘main condenser;
d. a secondary condenser in fluid communication with said
lower steam header; and
€. a plurality of heat pipes received in said secondary
| condenser that cause condensation of steam not condensed in
| said main condenser. |
2. The steam condensing apparatus of claim 1, wherein said main
condenser is designed such that approximately twenty to eighty
percent of the steam flow therethrough is condensed.
3. The steam condensing apparatus of claim 1, wherein said main
condenser and secondary condenser are arranged in an inline
configuration.
4. The steam condensing apparatus of claim 1, wherein said main
condenser and secondary condenser are arranged in a W-shaped
configuration.
5. The steam condensing apparatus of claim 1, wherein said heat
pipes are providéd with a low friction coating on the evaporator

section thereof.

6. The steam condensing apparatus of claim 1, wherein said lower



_.condenser and secondary condenser are arranged in a Wshaped

configuration. 5. The steam condensi ng apparatus of claim1l, wherein said
heat pipes are provided with a low friction coating on the evaporator
section thereof. 6. The steam condensi ng apparatus of claim1l, wherein said
| ower -12- steam header is provided with a plurality of sleeves that extend
into said | ower steam header and are each sized to receive the evaporator
section of one of said heat pipes. 7. A steam condensing apparatus,
conprising: a. an upper steam header; b. a main condenser in fluid
comuni catfAM WiadfFail¢ pppeidedt ehbh readarality dofrad leavswd&hadr eleeng
desi gned such to, . condense approximately twenty to ei ghté percent of the

steam f| W ThFRhrFNFE Ttead |Rrades@idm¥eadarh sierdi §ocsrramveathsn

w th sai i r: d.. a.secandary condenser in fluid communi cation
with sai gavz{@m%&ggsgeﬁ&?d&f ang P SFRTGnHERT PIRSR wit h sai d main
condenserz, and gtedh radﬂd@ﬂstmgpfap%%?%tﬁgPeéoxﬁﬁ‘:cfél L In sald secondary

condenser that cause condensat’i on of steam not condensed in said nmain
condenser. 8. alhe asi eperoRd@as headeparatus of claim 7, wherein said heat

pi pes are provided with a low friction coating on the evaporator
' b, a main condenser in fluid communication with said upper
steam header, said main condenser being designed such to
condense approximately twenty to eighty percent of the
steam flow therethrough;
c. a lower steam header in fluid communication with said
main condenser;
d. a secondary condenser in fluid communication with said
lower steam header and positioned in line with said main
condenser; and
e. a plurality of heat pipes received in said secondéry
condenser that cause condensation of steam not condénsed in
said main condenser.
8. The steam condensing apparatus of claim 7, wherein said heat
pipes are provided with a low friction coating on the evaporatdr
section thereof.
9. The steam condensing apparatus of claim 7, wherein said lower
steam header is provided with a plurality of sleeves that extend
into said lower steam header and are each sized to receive fhe
evaporator section of one of said heat pipes.
10. A steam condensing apparatus, comprising:
a. an upper steam header;

b. a lower steam header;



~,sectton thereof. 9. The steam condensi ng apparatus of claim7, wherein said
| ower steam header is provided with a plurality of sleeves that extend
into said | oner steam header and are each sized to receive the evaporator
section of one. of said heat pipes. 10. A steam condensi ng apparatus,
conprising: a. an upper steam header; b. a | ower steam header; -13- c. a
condenser adjacent positioned between= sard upper and |ower steam headers;
d. a plurality of steamtubes p03| tioned in said condenser and in fluid
conmmuni cation_ W th sal er_steam header ,and. said | ower, st eam header;
and .e. a pluralify® 9%%‘%) AP 93 8PP E%\?‘&e%’brﬁe’réé’tppegua? 4 hat
t he evapor at Oio§gfté£)éla19f Egagrgeat pi pes extend into said |ower steam
header. 11. The st eam condensi ng’ apparatus of claim 10, wherein the

evapor at or segt i ap fifureaGhyobrsatdaheatndy I%%%l'tfioﬁé@viﬁjeélai’& (ddndR <Ry
friction coating. 12. The steam condensi ng apparatus of claim 10, wherein

said |ower saeanimeddeid icompuedicdedon vt splidr appey ofesh erueter Aala
extend into said | ower steam header and are each sized to receive the
evapor at or se8@idnlefenretedn dmalidratand pes.

-e. a plurality of heat pipes positioned in said condenser
such that the evaporator section of said heat pipes extend
into said lower steam header.
1ll1. The steam condensing apparatus of claim 10, wherein the
evaporator section of eéch of said heat pipes is provided with
a low friction coating.
12.' The steam condensing apparatus of claim 10, wherein said
lower steam header is provided with a plurality of sleeves that
extend into said idwer steam header and are each sized to receive

the evaporator section of one of said heat pipes.



