GR 97 P 3407 P - - 1 - PCT/DE 98/01663 Description Waste-heat
steam generator 5 The invention relates to—awasté-heat

steam generator, in particular for a conbined-cycle powe . @e@ﬁaswxﬁtwhced
nunber of heat IGRy SUrH abed7 heat abl e by nmeaas-of flue gas

medi umto be heated according to the preanble of Caiml. mg“\\ | uch
a wast e- heat stpa/m.geherdi or or waste-heat boiler is usualll a
conbi ned-cycl e power plant, in which the heat contained in the expanded
wor ki ng medi um fromthe gas turbine is used to generate steam for the steam

turbine. The hemistes-Hdaansgiddretgdrer@ess 15 of a nunber of heating
surfaces which are arranged in the formof tubes or tube bundles in the

wast e- heat steam generator. These, in turn, are connected into the

wat er/ steam ci rcuit of TtHe dhgemnttiorbi relatlke sabd &i reastechspti S$ﬁealath

| east one pressur tage. Ln thi e, ch_pressure stage.,usua as,
as heating sur?%ggé,r,sd a dreﬁglat E?§8§gg§%%omf§gr. aénac%n%e%%%r g%}easp%% as
a super heat er . PAa@dnne¢itbn shavimges faf sheatihgglsynfessas ehebaigblandy

having a secondie@hsl Q¥ HIGRS W rtlard, 59 C%'rh&ﬁi:ifﬁﬁd\o%@rﬁésg{egt gocess -
I's knowmn 25 fromEP O 410 111 Bl. Due to t he urther evel opnent
of the stationary gas 4fhihe'IDwdrRabi ghepmuarnesatedt oo dvas ereat

ef ficiency,0 iBoidenj ursctdmllé%tﬂsaragofi a%@%@?@;ﬁ&%&ﬁ@%ﬁ%ﬁpr e
at the gas turbine outlet, it can be seen that |t wou al s |
necessa?y to a&thWhl?éﬁe thg | BSRtsieamtainedanidt efbe expanded waTleing
fresh-steam t empdiatureramdtheegasstearbiMiessisr @asdd ©6 dgenera®e SEdHmLVe

a further i e ' tg_l { efficie An increas 3e Rﬁ’USt_ as
t enperat ure of @lgke%gg gszfs “ur |%%€hsie‘}g%eﬁ§¥§ %Ssﬁfﬁgsf“ﬁ% r?c% arf t of
the fresh-steah parameesr9f hdating denrfagesachiiere xoer aspandiedglin
high effisi eBgy tOfm dfhecuno¥eicdll | GBEPINGLLYS! §nP O£ESSya AVENRER
SHEET GR 97 P 3407 P - 2- .
steam generator. These, in turn, are connected into the
water/steam circuit of the steam turbine, the said
circuit comprising at least one pressure stage. In this
case, each pressure stage usually has, as heating
20 surfaces, a preheater or economizer and a evaporator as
well as a superheater. A connection having a first or

high-pressure stage and having a second or low-pressure

stage - a so-called two-pressure process - is known
from EP 0 410 111 Bl.
25 Due to the further development of the

stationary gas turbine towards higher unit output and
higher efficiency, in conjunction with an increased
exhaust-gas temperature at the gas turbine outlet, it
can be seen that it would also become necessary to

30 adapt the fresh-steam parameters, namely the
fresh-steam temperature and fresh-steam pressure, in
order to achieve a further increase in plant
efficiency. An increased exhaust-gas temperéture of the
gas turbine consequently results in an enhancement of

35 the fresh-steam parameters, in order to achieve
correspondingly high efficiency of the overall
combined-cycle process.
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In a waste-heat steam generator of this type, designed as a drum boiler
and working on the circulation principle, evaporation - is ended
by separating the steamfromthe not yet evaporated water 5 at deflecting
plates in theR @vub 34T & separation-rzquires circulation. This
circulation and the steam separation make it necessary to have, between the

water and steam an appheg a@égtéeﬂébEY_éﬂéafr@r%Qﬁ@r%b@hof‘ Nehis Nitype,
presupposes an_appreci abl e pressure devjation 10 (> 50.to 60 bar) from
the critical piessgRed(225 baf). TWAm 88parLt i APT hu¥pkiles aupfde
limt on the pressuletisa thpriacdplue,boi leeapoanatienk odlsy behecan by
operating pressure of.160 .tao 170 bar ver, .high steam presgure

Nor
necessitate | at GRERAM P EhiT RN TR T of TT8 T TONat et / ST ERAT 2 T 58p 4P g
drum thés ashadefyecesnhgi cplageshe iper trhesi birenv.at Ehas t sgperattiosm

change in the s %fé'B_ aé‘f'r+&f9t§éﬁ?r%£sr0” Tpdes %&%%Siéﬁé' ytl'hé N S8 m
forced once-through principle, In a fossi -fcuel I eg once-throu steam
generator, as WP2VALiPReMALE V& MPAHRLY rel B2Yon bBetvaedr Ahecivad@irat i on

principle, theheatiegmef dd SafSyaLei abok Héb@itfwfdﬂfwe@erﬁ@éfbuﬁibﬁﬂ- Ghanmber
wall | eads to conpl ete evaporation of the floQw diumin the evaporator
tubes in a si ntg‘l‘g'epas%.re?ﬂ PRPESt oF‘E‘edaBﬁE@-CllﬁPgéghpﬁfeFﬁBFﬁl e ISVHE AR of

25 evapolati o> ahdteomsdeduert | Fromathehersianedl nereséinee copREN®RIYYNt  Of

st eam super heati ng occur_as fu lon of the | oad and are. not | qcall
fixed. In thi gé%ease, SN %P%tjg%%e- Ck&‘%%uﬁ%asﬁeesamaglen% BEbr l:’;mef’%ﬂ S yﬁ:e,e a
fresh- st eam presssseraboge tihatcrd tdram Wetiderpregs wariBoonhuybepew an

| npl ement ed %ré@in%h?}rmeofOflG@t%@mls'ﬁ?a gl O H e L £ high
precipitation. "A once-through steam generator of this type is known, for
exanpl e, fromEFEINSPTFFNITE PBREFELLAtE chAfdmcirdd virkhickneases uddi ne

ina 35 sg-caijed gapbirned=arc! € sdpRItIHANt  dr@mPNCethlkougRhatr@am
generator of this tyﬂ[:)ejs u%uall not errgl oyed as a ure waste- heat

steam gener at®?Strithipgadle REELRTHR %u§a§§hé1fstt%5%e¥?’6ﬂ¥?h€h&5‘§e
turbi ne servesinetige ystareoapuahboload-@RtRenRt34R/ Middes undesirably. -

In the forced once-through principle, in a
fossil-fuelled once-through steam generator, .as an
20 alternative to this circulation or natural circulation
principle, the heating of its evaporator tubes forming
a combustion-chamber wall leads to complete evaporation
of the flow medium in the evaporator tubes in a single
pass. In this forced once-through principle, the end of
25 evaporation and consequently, at the same time, the
commencement of steam superheatiné occur as a function
of the load and are not locally fixed. In this case,
with a once-through steam generator of this type, a
fresh-steam pressure above the critical water pressure
30 may be implemented due to the absence of steam
separation or water precipitation. A once-through steam
generator of this type is known, for example, from EP 0

595 009 B1.
However, in conjunction with a gas turbine in a
35 so-called combined-cycle power plant, a once-through
steam generator of this type is usually not employed as
a pure waste-heat steam generator. Instead, the
oxygenous exhaust gas from the gas turbine serves

merely as combustion



PCT/ DE 98/ 01663 air for the firing systemof this fossil-fuelled steam
generator. Di sadvant ages of a once-through steam generator of this
kind are its high outlay in ternms of connection and regulation and its high
start-up | osse€R59du® B40JoFcal | ed wat er-efection. This occurs when
evaporation in the evaporator conmmences and the steam pushes out the

downst r eam wat gf r it idhe (Petehgdsgrtem Asifli thosalfossigpdiaililegl stesdm

nmoni t ori ng conponents, provided in_order to overcg t tart-up_ |l osses
10 caused th%gg8§?t°§ddi tlﬁbﬁ%%'?ng?ﬁg?easoef t Re ?ﬁ%ﬁn?gg ughtla%%%
consequent |y tyenenuestrnmeft tdust skivhdchriendrteadei ghaept yawi tilm & alass red

i mpl emrent ati on Lgh.an r i a eSSUr B qnARRLIR_ £ SEHL L

di sadvant age 0?8{.‘%%&?Pfgd%él\r?ge%/?%?gggﬁggt ?gg e_nerat§%r,, 15 as]ﬁ’(s:onp%%%j
with the pdre dEsSt etheafoscadrefendiedesr , giectige TbrHar®FVePy WheReven

adaptation  ofyapbbgthienPeldt Uhe evdbOfdtér cofimencelsh€and ket edteam
medi um (water/water-steamline) to the teggerature rofile of the heating

medi um (f | ue- ga4SheReputohe downstregm YaFer: IANHTYH MAFSTHVERRDh i s
based i s, therrpfigieiohalspesebpuratiast e- heai steardtgenar@t orcompopanitscul ar
for a conbi ned-cycl ower plant, by nmeans of whi a critical _or
supercritical gfégf’ngs esdlire® g Tal )s{_'g b Vierﬁ:ﬁoénr?en?cg], whi %Ecada? the" 28he
time it 230 opeaased theaeblui deddliltyostadldlye nunwrmasen dilie | osechabhgas, in

particul ar eveguw%gheagarta %Qqﬁ%'?ﬁﬂ.azr Thipg Ogn‘?_ﬁetsﬂn'f’e:?@hi@é/é’@s %ﬁ?{:ﬁi ng

to the invention, nmeans of the features of aim1. Provided for S

purpose is a WeBEECRERt SSRERRBOVigendr Airethi tAPLaBPREALARN 1afe Nighced

once-through pghaci Rlegy@nthidie dsdehid e RVapRFrad O Ahothkeh isssonpest ed,

on the medium side, in counterg_rtj‘rre f tg the direction of flow of the flue

gas. The evapofif8rvRBtagRn&d: dnt1Hedi ANEE-5NGeUAl SHh&EH IRIREIEFa an

35 inlet15disisi buhparedhi ebthi $£hd dpakecalastie>-het euthat dwosteditof, t he

preheater. To achieve particul aré}/ s_rLabI e ogeration of , the evaporat of t he
. e the

latter is provided Ofcthe" T2t ¥i t iPRSYRP ot tTR°RFP 5hGBnentt a
throttl e AVENDEBMSeiEETUre profile of the heated medium

(water/water-steam line) to the temperature profile of
the heating medium (flue-gas line).

20 The object on which the invention is based is,
therefore, to specify a waste-heat steam generator, in
particular for a combined-cycle power plant, by means
of which a critical or supercritical steam pressure can
also be implemented, whilst at the same time it

25 operates in a fluidically stable manner in all 1load
ranges, in particular even in the part-load range.

This object is achieved, according to the
invention, by means of the features of Claim 1.
Provided for this purpose 1is a waste-heat steam

30 generator which works on the forced once-through
principle and the drum-free evaporator of which 1is
connected, on the medium side, in countercurrent to the
direction of flow of the flue gas. Expediently, its
preheater which follows the evaporator on the flue-gas

35 side and its superheater which precedes the evaporator
on the flue-gas side are also designed to be connected

in countercurrent on the medium side.
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GR 97 P 3407 P - 3a- PCT/DE 98/ 01663 expedi ently being connected
into the inlet of each individual evaporator tube. Increased pressure |oss
over a particularly wide |oad range is thereby achieved in the evaporator.
This ensures &Rn?ToPnd#PB8wFt hrough 5 thé evaporator tubes. Furthernore,

I nst ead of header s and distributors conventional ly used,
only a pressure equalonzerghheadler oirs ﬂmmidde:chdmtum:@tmghhev@kaqamwtor
portions or orator  partss Thj er i d ir

evapor at or N gerpe’{ tsortvvrol'jfgohtt|ons lﬁ%ﬁée\é G}LSC yb%ﬂ%rlte to

si nce |dent |nagi>lepnaas:suheghpr8éeaml strat@ﬁchlma*se aupteimreﬁwaéf \taiwes

evapor at or porgjhrpcgg R8I %ah_acﬁ;%%%étb?e ithrsghihioye st aps! iy t"‘é’l ent |

avoi ding a furt i ncrease i ressure | osses. cy§’r th| S
pressur e- e§ual } nHep Hedrter Fééﬁﬂb?F@‘é%eonlsyoétr ef R TVaIR ttl“rimﬁst udRd f g

C]aneclt : 03 of @atﬁé’sppbﬂ]glle@ae &Ian%@cltbai‘yﬂwrﬁﬁpleﬁéﬁlﬁed Tbys a@@ﬁ.ﬂ&lﬁbl rmxet ube
of sma i mensi ons_ i ences t ow W thin the orat or_ only

i nsi gni fi cant | YS&rRf 2‘%‘ Liﬁé‘?ag‘a&de%ﬁ ﬁ"lfjr‘é%ré?ﬁ tfpsprolﬂ} Mi (9% Pegar d
to allocating ;_ba)rthhm]eamlgor atﬁawotmrlabiet heplant pha}sehanvnxd:unr.e ochtﬂmD\maﬁl um
to be heated, th t b i LR vVapsr; [y

Expedi ently, p]'rgte axnl]yx ﬁcﬁ] (%H}% %th%li @{g\%léﬁcgt 3’ on l%érgfd]’u@ngas

si de and aOsup@me@ner lvmcthSpneeedé?s ihe rosspolat ofromnthﬁe freshydead de

are al so de&gggrgp onpect.gd c c e t LU '
AVENDED SHEET é&g@ﬁec?}% be ddt C3dieey Sy Cicati} DEBS8/(Sna%S63 Peiith

once-through thxpughpytyr G on giftse- Q%d}?r\ﬂaﬁlé’%zﬁ ‘é"’t%lﬁeﬁ%ﬁ%‘%} of

this type makesntduq@ssd bén b€ séﬂphem@tasthwlamat e@@mﬁat @Smitep HO
supercritical values, since the said genera ct to

pressure |ini t38%oRL Fﬁ??‘ﬁ‘e‘?%r%pe%to‘r g St EE Ju?) Fiﬁ‘éspﬁﬁa hiﬁh lwéf:gs %f
| oad changé caredelti nlerentidet byhemdicdiingecbheumsteiaf tis ckeevhidesd driums.

addition, on account of the neutral chemical operating
mode, there is no need for blow-down when the plant is in
operation. A considerable cost reduction is achieved by
avoiding the use of water/steam separating drums and

20 connecting pipelines necessary in this case as well as by
the possibility of reduced boiler or steam generator
dimensions. Stable operation in the once-through mode 1is
ensured within a combined~-cycle power plant, in particular
even in low part-load ranges of the gas turbine.

25 In order to implement the once-through
principle, the evaporator' is connected, ~on the inlet
side, virtually directly _to the outlet of the
preheater, without a water/steam separating drum being
interposed. Connecting the evaporator in this case in

30 countercurrent to the flue gas on the medium side leads
advantageously to uniform temperature intervals between
the flue-gas line and water/steam line, so that,
altogether, a heating surface of relatively small size
is required. Moreover, this countercurrent connection

35 has the advantage of particularly low water ejection
when the waste-heat steam generator is started up,

since its side which is hot on the flue-gas side and

which has
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This contributes, in turn, to a particularly favourable plant  behaviour.
Mor eover, particul arly high 10 operational flexibility is achieved,
on the one hand S|nce |t |s ossible for the fresh-steamtenperature to be
set solely by f&and ngdl um t hr oughpdt ,~ and on the other hand since a
vari abl e nmedi umt hroughput can be set at least within specific limts. 15
DE 43 03 613 NappnﬁnihbbéoseeaMHmUbhianmermahioughsﬂE@ﬁaﬂeaebﬁly gkt h
preheater and et‘f?eo%é‘{& agque! Lda%ébgqqeé heex%ﬁ;] &tf' 2% S””aC {Ja“ged

on the nmedi um N countercurren
t he one hand tl?bfséiﬁrr%e heweihgbsar fasesterm b@lbbd@mneiqreméd,t othlm@e aposher

in a conventionRally Wﬁ%mnylﬁ-@&Eé?tcoﬁﬂgnt'Bhgtofheﬂgeé§a oratdr.the other
hand, the vaporator is designed to be divided by I nterposing “Both an

inl et heade? and an out}®t 3Rea@@yantagponsi Fefdnementyor then evaporator

evaporator is Hrd dgﬁﬁlékyté@?aﬁ 2he m‘nl%tbym tb nﬁhgrblr'é%]e%tta%fﬂ :‘f%jug?alblne

order to- keep an .o u 0 ter as, SSJ e e des

f1 ow condi t i onsmilﬁe%t eé%%??ﬁ w Jh t thhe F1%3e i MR atPehleE the

t enper at ur e di thfegrdenc esft bEhevepnehelaEerl nd'bvladhaleveemafdlailﬂrarﬁw%ab_laée ”
t 30 hi e vV, t hi emrent,. | order emen

ol 130 ach eved el o Dby B ANORTEye | 08 ol

t he once- thro prlnC| the e apor
si de, vi¥Q ualtlhy3 Jdﬂ%"et’ﬁydet witbhea Umm‘etle etrangempneheat ethrottheut a

wat er / st eam sepaiRld iR i msifg %’énn'ef&tt%fdooiﬁ% Raec L8t hgeevapgy at or

in this case in cquntercurrent to the flue gas on t 'um si de | eads
advant ageous| y *PGLYHISm (SRR LR kR |tr'r%l%ﬁ-valf§1%qm te s3umee gakoss$ ne

and vvater/stea;ﬂwlelrn%, %(xﬁi@]ri]lal“MENDE&?StEE&r r?n&B Qfg r@g%g%}:\yg ayck;slrr%xﬁd
4a - PCT/DE 98/ 01 al t oget eating surface o
ig required. %ﬁggrﬁgﬁﬁt el Ensr&ﬂ Wsithett ORI RER EHOVadErrgfe o

parti cul arllyy I GWevvawarpo&]aanin dnuvden the waste-heat steam generat o(rj S ]
: : : . , , i i
ﬁggrted up, 5 since 'H§1Séd%ﬁMuﬁéklngg%tgge%ﬁ%1}é¥i§§ﬁe§£9efﬂgtead

Si ze

of headers and distributors conventionally used, only a

pressure-equalizing header is provided between the

evaporator portions or evaporator parts. This header

20 subdivides the entire evaporator virtually into two

portions on the pressure side, since identical

pressures prevail in each case at the ends of these

evaporator portions. This increases the throughflow

stability, whilst avoiding a further increase in the

25 pressure losses. Expediently, this pressure-equalizing

header comprises only a relatively thin tube for the

connection of a tapping bore of each evaporator tube.

This connecting tube of small dimensions influences the

flow within the evaporator only insignificantly and

30 therefore does not present any problems with regard to

allocating to the evaporator tubes the two-phase

mixture of the medium to be heated, the said mixture
being established in the evaporator.

As regards the thermal design of the

35 evaporator, this is expediently subdivided into two

individual heating surfaces, that is to say into
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appreci abl e steam bubble formation is |located only at the water-side end of

t he evapor at or 0 ort distance avail able for steam bubbl es
formed, these %}ﬁ?ﬁ‘?okl ?;E‘Ee}sin wat er cont%nt out of the evaporator. 5

As regards t he t her mal desi gn of ~ the evaporator, this is
expedi ent |y subdPvigiezPeh? bBOAVENDEDS SHERT thigR 97se, 34¢ye pmedium-side . ¢

- two evapor at pf rRAr teSraddk 4t S Fsas:e, d¥ ABdidiybisddenbhyst . evapas@i &, part
has no outlet header. Likew se, the second eva or%t Oéogﬁﬁs” | ocat ed )
downst ream of tREs SREONTH PRRBPTAFSLr iBAK or 1°AR L ERe XS Oe HihDer 5
of parallel tubes ab Hefletd ndiytduabtbeat prg the f smes elmeyapdicatroimipsr t S
is identical. reqver.,, tshe _fjrst aporatar_npart.is e . ent | osed
of tubes havi it ak A diifd dFaRERerc Dokt & nehiaridiak fé%%%éﬁad TR
second evapor abor eyaporaBywi pegssofig hidentipeiat doddpvetesi ghe af tost
saving is achi S@tRerss | Sy 18861 § 0LohBadelS o el fr e LS8 €

| oss is prefer%ﬁﬁeogge?ge?’& art of f‘_f%v and %heof?ue velooci ty IS kep%%
within a prefed? ednfafge 48T Sthe ekl r &S e5BPLE at 86, CRMPRASI% Witdw the

achi eved. As as&esslit eRasdiLtbar lpargoodpheati dbue t LANSPhSSI Wy dgomatde

flue gas the nedi um fl ow ng thr,ough the evaporator, along wth |ow
erosi on. 10 achREVER: Furthe! noPdiNfocks bREnE BEEr SERAN R { FRFERCAS KRR veen
the parallel tnbed fve kepideraw A nighd opaesnuter ibskedn sircef adataughdt ow.

20 I rder . to e | ed ' the_start-up from
passing into t egsgggftﬁe%?f%exﬁét {tg?éj &gltuper (_a‘g%jc:ﬁgaggg\} gsstkglptt- u‘“gltbojtrfl e
whi ch fol |l ows 2 herefapoedt gandgen alving cthe, enhérevapepatretoand & etable

superheat er arg; 6ENACLLth{OyE8¢ glseayn shda1head, £t Qi1 4Pyt BBost Hdgt!P

bottle. The preheater and the evaporator are connected on the“inlet side to

a wat er -sitde pefapppission from the flue gas to the medium flowing
through the evaporator, along with low erosion, 1is
achieved. Furthermore, possible temperature differences
between the parallel tubes are kept low owing to a
uniform steam-side throughflow.

20 In order to prevent water ejected during the
start-up from passing into the superheater, the latter
is preceded by a start-up bottle which follows the
evaporator. In this case, the evaporator and the
superheater are connected to the steam-side head end of

25 the start-up bottle. The preheater and the evaporator
are connected on the inlet side to a water-side bottom
connection of the start-up bottle. The part streams
conveyed into the evaporator and into the preheater can
be set by means of actuating members. Feed water

30 supplied to the preheater can thus be supplemented by
this part stream from the start-up bottle or be at
least partially replaced by the said part stream. Also,
the water not required for operating the once-through
waste~heat steam generator can be discharged in a

35 controlled manner from the start-up bottle. For this
purpose, a discharge conduit is provided at the
water-side bottom end of the start-up bottle.



connection of the start-up bottle. The part str eaffsis SlperayBain Replaged he

evapor at or and into the preheater can be set by ne g nenbers.
Feed wat er gﬁl iled to the preheater can_ t hus by this
part streamfr@ﬁl e Pst40t- Sp bottle or be'at least partially replaced by

the said part stream Also, the water not required for operating the
once-t hrough wast e- heafThst m@eneuapéﬂedart@etbmcsmg@deahea ¥3a the

controlled ”Hng@érfctegt%t?él t- y&db%&'ae arfOrif b6 PUWiRbutdr is
di scharge conduit provi at the water-side bottomend of the

start-up bott| @ischaggedy ﬁr?}noﬂm superheater as. pERPPReISLI1688°Re

steam suppl i ed (ﬁlﬁlhh%t@éﬂﬁ@ﬁﬂi&r{) W £a thie SheLlbtUReBalll.e NI easkpl et
di stributor_ i m t he, super he terE&S/ sugerheat d steam(main
5

s di schagg
steam strean) ¥P§ anS ?FB?aF@ﬁderlsl n RHF5CES PHB°SSCupePheat BY° is
preferably cmmimsedualof heattdmg néurifduas hedtiialy surd acasnnddicdd ar en

connected in SgLI ggsonortjhetl{gedl %raﬁ,lngesgr&% hfth heagncghéhr -4 o%’ﬁ%ﬂeat

st eam gener at of rs=gf Vertical , are arrafged oné above
the flue-gas swWdetesbead sﬂ@amtmnstrag@rst:e@rrp%peeﬂemahgdtean@sm,place

The advant agesagkggggedo@»@ {41504 BVRRE ULILE, oh MY LUk Abast MAlIAN so

especially stable operating node is achieved over a w de range due to
t he evapori& or tBfta W/Qs?éaﬁéaﬁt@@éhrﬁ"@?@rﬁkﬁﬁtblrn%eﬁéhﬁei?lﬂég|-gned as a
once-through  evapor atI‘ﬁEa adwéﬂﬂtag@scatﬂﬁo&roreﬂ rppt NNeakviedRioNS dre,
result, whil st at th ge | ow wat er:s #]ge/s ﬁq}mde ressure Ioss
i s ensured, th&"dP&Mm flf:él aé\Ia A" i SSRRSTY frR-& Iofregtgatsld}? deede
such a way thais i acalileviche (msmatlemg Rldest dtoes] iramges daet heco the
once-t hrough pLinglpLeoss aparl eGONQMi7aL And, eyapor aLaL, aN0.AS g pakt

super heater. wat er ore Sacoo e operatl ng p
at the outlloet déstitine@r ehaat er aor OfIC?héheV@@w@m Z@Vmamsurvﬁm:@ S®

t hat evaporat'QQuhEeEEﬁr%énte%}%E&@{on' SAer‘a{'i‘QE}ﬂltpr%{‘i@E‘ atS G
heating to boiling tenperature takes place in the evaporator itself,

acting as partS@BendAfiferd tPe Yarearpdge/steam-side pressure loss is

ensured, the drum-free evaporator is designed with a
large surface, in such a way that, in all the operating
20 states, it acts on the once-through principle as a part
economizer and evaporator and as a part superheater.
The feed water is therefore subcooled at each operating
point at the outlet of the preheater or of the
economizer heating surface, so that evaporation in the
25 economizer 1is reliably prevented. Since heating to
boiling temperature takes place in the evaporator
itself, acting as part economizer, the so-called
“approach point” 1is always zero. This results in an
evaporator heating surface which is small, as compared
30 with the drum boiler.

Exemplary embodiments of the invention are
described below with reference to a drawing in which:
Figure 1 shows diagrammatically a detail of a
once-through waste-heat steam generator, the heating

35 surfaces of which are connected into a water/steam
circuit and
Figure 2 shows an evaporator of the waste-heat steam
generator according to Figure 1, the said evaporator

being composed of two individual heating surfaces.
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"approach point" is always zero. This results in an evaporator heating

surface which is small, as conpared 30 with the drumboiler. A neutral
chenical operating node is also possible, with a result that the chem ca
consunption isGRedfcdt.340V Ridi tion, on ac8ount of the neutral chemca
operating node, there is no need for bl owdown 35 when the plant is in
operati on. A consi dermyss ce@trr@%@%wl@l@ tbS onACRNRREr bYreavoi ¢AY
t he use ter/stea s arati $i§ d chnectlng pi pel i nes
necessary in t|1'r SELF ane NGl BFEANVENDED SHEET
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generator

di ne

GR

' n | e eratlon I n the qgnce- thr u node, i s epsured
within a conbi né‘& cyéfla? %gvverw %ht | gart i C’%I eve‘ﬁeslcir?r} 'ow part -13hd
ranges of the gaxemplehi nears of a combEhedptgcye erhedi ehast ahd thes
areh@%s‘-‘fﬁh}?eed;[é%e'ﬁ" f‘férﬁ fﬁée§§EC€uEBlﬁed fawgl\%stﬂ@% :&gure

I nvention

1 shows diagrammti cal

gener at or,

gener at or

i ndi vi dual heaf ﬁ@ Sdrfa

det ai a once-through

eam

theOHeé;th%gp%mqlaﬁéegléﬁ whheh cacd eforflet eda$ nRE 4 epates /sheam

10 circuit andaE*t@Uh%aZ: SBQW&H@”g@M@EQE@EOU ofird henwasgerbeat ot €am ,
accor to Fggure 1, .the said evaporator bei ng conposed of two

St AVENDEP-ERERY) - 97 pasfgrleat  steam

8- Parts ddrregpaediangrt d Grempioddes aasehgavengtbersaasesr efaerpfi%‘rﬁééﬁ/éﬂ:)m S
in both flgureg T@$ ﬁg&fzggroygh @?ste-heat ste ggyerator LIl ustrated,
i ca n, i

which is of ver

T is, For SlexanpP@iApift of & coWﬁ}&ed gycte

power pl ant anduhaghﬁ@ttem Ue ghsaRBriessmrehes trpaye + UThe nbehltdwignguhfackgh it
on the primary,sigg em%tcololﬁgs%w@e&%sRﬁsgaa\f;%fe%mtﬁa@ﬁaanst&%“

1inthe direction

gener at or
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20

25

30

35

high-pressure part and in the medium-pressure part of
the once-through waste-heat steam generator 1.

The preheater 2 has, on the inlet side, an
inlet distributor 5 which 1is common to all the
preheater tubes and into which is connected a
feed-water conduit 6 having a motor-driven control
valve 7. On the outlet side, the tubes of the preheater
2 open into a common outlet header 8 which is at the
same time an inlet distributor of the evaporator 3
located downstream of the preheater 2 on the medium
side. To achieve stable operation of the evaporator 3,
the latter is preceded by a throttle arrangement. For
this purpose, a throttle 9 is connected into the inlet
of each parallel tube of the evaporator 3, with the
result that an increased pressure loss is achieved over
a wide load range in the evaporator 3. Provided in the
region of a deflection 10 of the evaporator 3 is a
pressure equalizing header 11 in the form of a
relatively thin tube for the connection of a tapping
bore 12 of each parallel tube of the evaporator 3. On
the outlet side, the parallel tubes of the evaporator 3
open into an outlet header 13 which is connected to a
start-up bottle 15 wvia a steam conduit 14. The
connection of the steam conduit 14 is provided at the
steam-side head end 15a of the start-up bottle, a

further steam conduit 16 being connected



chi mey (not illustrated). The  waste-heat steam 10 generator 1
conpri ses, as heating surfaces, a preheater or econom zer 2 and an
evaporator 3, as well as a superheater 4 of a pressure stage. The heating
surface arran§@hehit B 13487 rRBted is used-pPeferably both in the

hi gh-pressure part and in the medi umpressure part of 15 the once-through
wast e- heat st eam gedesatidr head hengt effbat erteanhasonduit ha 6 ”ddnssi tietoan

inlet distributor .5 i ch,.i t |l _the.pre es, an into
which 1is corﬁ{bctl&}\,\eqa fdé‘e%-r\%g{ge{;r)or}co%cﬁi t°f6 Eggi ngﬁgg%FSrrt-ggri 3én 'g%%t r ol
20 valve 7. Guupdmheattért 4si dehiche itsubesmppsetie Pf ehealers opat iaro a

common out | et ir}ﬁﬂ]quxﬁaﬂmgfé%ﬂi%gat st a3 4hi NEn@n d ) @t " dbebhiibUbQF ¢ Of
t he evaporator 3 |located downstream of the preheater 2 on the medi um si de.
To achi eved st dIFat igper aUFEACE 4hefebbpBingoths brtteheopattthe PedppBceded

by a throttle ArdangedBitecedPhgt htSoRULRRS &1 v fasotdild: 9 nss copmeehed
into the inlet of each parall el tgbe ﬁf t he géaporat r,%i wth the result
that an incre&3dd $r Skife #BsQUFIShCRREFES dPer T8 \X)fib'é: FadF HhgREFRRt he
evaporator 3. Jymiided 9 ni$ heodectegion of a deflection 10 of the
evaporator 8 1is a prepsur e aqualizing ieadss dudn Lhe fr molop o qe

relatively thin tube for the conn ionof a'tappi’ng bore 12 of €ea
paral | el 1Q@be boftttdie esmgordbbr 3a Odiskdaggel etcogidddt t RO paravied tabes

of the evapor gllo 3 415y Apedrthb AN YUt header pbnll Clhd sogonpgeLed to
a start-up bottle 15 via a steamconduit 14, The connection of the steam
conduit 14 is YrSFHARIE atCME St et si 2 RbEGULRHENT 15RUMBf 28 hePedhErt - up

E)ogzlos, o a furddififecteSt B3d thE0BHHHt brant®, 1RINGo tKONAEELSHater R 97

.. -9- to the said head end, The steam conduit 16 opens
into an inl et A" Huor 3 @ I r R&at E?rgf‘?ti‘ﬁe ﬂﬁ‘%r ﬁ?le‘lat 8Rd4 awhi ch
i's composesl Ofmcxdr-+dtivpait contiredi viduat Zeatbngecsudf angro4a andrsof a
and precedi ng FAL o1t THET | GESGALt sfde, AASooRE e oGS AR ottt
header 18, toofhitte drmamchs2akeadaduiie B niog caoiiEctesd.control valve

28 to the inlet distributor or outlet header 8. The
heating surfaces 2,3 and 4 of the once-through

20 waste-heat steam generator 1 are connected into the
water/steam «circuit of a steam turbine of the
combined-cycle power plant via the feed-water conduit 6
and the main steam conduit 19 in a way not illustrated
in any more detail.

25 Figure 2 shows a preferred embodiment of the
evaporator 3 having two individual heating surfaces.
These are implemented by a first evaporator part 3a and
a second evaporator part 3b following the latter on the
medium side and preceding it on the flue-gas side. The

30 inlet distributor 8 is connected to an inlet port 29 of
the first evaporator part 3a. Both evaporator parts 3a
and 3b are composed in each case of the same number of
parallel tubes, only one parallel or evaporator tube
30a or 30b of which can be seen in each case. The

35 pressure-equalizing header 11 is connected to the first
evaporator part 3a, only one tapping bore 12 being

visible.



The start-up bottle 15 has, at its water-side 10 bottom end 15b, a
di scharge conduit 20 having a notor-driven control valve 21. A branch
22 of this discharge conduit 20, a circulating punp 23 being connected into
the said branckR 9eabs3467t Re feed-water é8nduit 6 via a control or
throttle flap 24 and a 15 notor-driven control valve 26 connected into a
first part-stream conduht 2%woA S€¢68PErAdbE- Stgatys CoBdUI tard 0Bbt head anch
22 |l eads via a notor-driven control V@J‘VG ? to',Hle inlet, distributor_ or
+End

outl et header PARSEREat FRg OR%r fARXLNES, ¢ ofF8t hetS orf®- t3H6ugh
20 wast e- heatwisheatn genemaitdret 1hareeexonoectiglet ntdi s tiidowader /kstisegn

circuit of a_._siea t ueRi . of e i I Rkl |2 the
feed-wat er conmdui Tt o%%%'tfr%g %glilr? é:taestaépﬁ c%ﬁ%%@%%f%l% gu%\éer?gt% ﬁ}[lut\slrie?at ed
in any noré defhr$t Zyaporator pgRirgur8a2 s a@ pi-eféfeedibamoliehel of

the evaporator,3; faving twR1hBY viklial heat i Ag: 8Ur f@CaRetJPEYR 268 the
i npl emented by a first evaporator part 3a and a second evaporator_part. 3b

p

fol | owi ng t he Pa¥aktebntiREsSBdPumisitde® FREPLCRUPRGTRECENPAFE HielYhas
side. The 30 4nfel.ditsly iduimscBion efnnert ethdviduabl phrpalel2% u¥ed he
first evaporat part . Both _evaporator .parts_3a and 3b arg _conpaosed in
each case of t%@asaﬁg %@r?oe(?%ofzﬁﬁareé’la\pe?r% s?aﬁﬁfy% nearbcgr a)PI er orce
evapor at oL 0t uhin 30saach IHsof witd cla cawnicaddan idesdaptecasatefredimte
pressure-equal | zZi h A1 ed.to i ev. t part 3a,
Nl y one. £ appi T Bar o T2 bei ML STar Bl ace ohp (el Shop BROES I PAS 08
The two evapordg@®igpedt $BH Bbh prefesaldst elint &hshefandt i ai reangy,

that is to sayrwWidbeH! anpoutbehepeadyy oimpNbRéndi StiHHUt QiqBREAG in
interposed. In this case, the parallel tubes 30a of tﬂiﬁi first evaporator

part 3a have #hamRFeE- dPANENEr MtLAH Hde shie| BRI t F&oeSsi of

di ameter dB oftiHde Judard eleviapesatidb @fardthe3pecapnd eyapneated pest tie (dl
< d2) . The connection of thg3i ndi vi dual parallel tubes 30a and 30b of the
evaporator par?¥cat ahG236%i {3nrade 10 in each case via a conically
desi gned internedi at ewhen the once-through waste-heat steam

generator 1 is in operation, condensed water, so-called
feed water SW, flows out of the condenser (not shown),

20 located downstream of the steam turbine (not shown),
via the feed-water conduit 6 and through the preheater
2 into the outlet header or inlet distributor 8. The
preheated feed water SW flows from there, wvia the
throttles 9, into the individual evaporator tubes 30a

25 of the first evaporator part 3a of the evaporator 3. In
this case, the connection between the preheater 2 and
the evaporator 3 is peculiarly short and uncomplicated,
whilst an especially small overall heating surface of
the evaporator 3 is achieved at the same time.

30 The throttles 9 ensure an increased pressure
loss in the evaporator 3 virtually over the entire load
range of the waste-heat steam generator 1. The flow
passes through the evaporator 3, that is to say both
its first evaporator part 3a having the evaporator

35 tubes 30a and its second evaporator part 3b following
this and having the evaporator tubes 30b, on the medium
side or water side in countercurrent to the direction
of flow of the flue gas RG. In this case, a stable and

uniform flow



pi ece. This internediate or connecting piece 31 is designed conically,
preferably in the formof a cone frustum in order to inplenent the

wi dening in dianeter. On the outlet side, the parallel tubes 30b of 15 the
second evapor at@ YarR 38b’ dFe connected b the outl et header 13. Wen

t he once-t hrough wast e- heat steam generator 1 is in operation,
Cﬁnde;\sed vat efof sghéal prshdaaed }I\:ﬂéﬁd Wéf el OSWthlHrdmfght hEhQOTEiﬁlfcﬁ:fadd’iﬁt
shown 20 wWns am.o eseamtrl n via the
f eed- wat er congzd’itbte %gﬁd %H oﬂlﬁhafhéeﬁ?‘éhe‘élf‘ t'rr}?ﬁ &g‘?lﬁ’e" eé‘z PR or
inlet distri butamrr&spTdShellpgeh'eat etchd eadasp@tceuvsw pressufte om:if hethes \filow he

throttles 9 | MeibliessndbYLANAL CY AP A Ot ties 307 cBResOhobhSob L 1 ot

evaporator part 3a of the evapora case SSc3nRect T on
bet ween t hed preheat er MNigHy ?h@%ﬁﬂ%ﬁﬁﬂ%@n% |t§1r|§>ék9jm%r|ya§ﬁ@rts‘@¢mn D

unconpl i cated, gehidrslit Eﬁpﬁﬁba|é®ép%"@éﬂoﬁv§r§5| sil%tﬂﬂ%, Sé'ﬁ%éﬁ?ﬁegftetdhe

evaporator 3 is achieved at the sane tine. rottles

ensure an incr &&se®PHriessPETREIRY n H"Wen"evapéflat dhg vPRtdEt y dfer thige
entire | oad rargapefrdter \Aastaﬂaenatwte@mwemt athel. olbeel! avepdsses 3

t hrough the evapaor at or éh I S otlg Its fir t ev gor tor %grt 3a
havi ng the evapdiat of eesa"f’,og ecoR" &l Sgra r part a
following 1hi s rmlkta\nmgtmmesengberaaes butb(—f@rw;ﬂ s s heCoedegnesicdy ,or

water side in gounf é%”&f%gst?% ng?gkrgﬁk'%&%%74§ég¥§%)éﬁesabgﬁhgg%ega

In this case, a sta | e and uni
-11- of the préhediampgeectioniber NSRLiMD R f3ee 2yvafoticorsurpekedbar 30b

is achieved, Waisl s tBguhei |dNJihaBRELALBIR CAHESPPELET JradiheSsheet i ve
pressure of the flow mediumis established in the evaporatior tubes 30a, 30b.

5 W R e el r%lp’cﬁ‘l‘%llriﬁgaf’ﬁﬂ-eﬁﬁhplﬂy gL ue 5P Ea kbt SyeRF RIRIANA t he
evapor at or1 s |&r@lalngfﬂalm&upelfhe@ﬁ@d,ev%tpcﬁ:%blopel’ attlmg Miter atcdhebe
outl et of the evaporat thatsl|ls J'.[ﬁ) sag/ n ? | et header 13 ang
the steam cond(Ff L onnjé%rtlea 19 GsSYapgra é?ﬂl tpo N h8VEFndt §s or

forced pass. Cﬂ@gdqmaﬂ@gi The steam D generated in the evaporator 3
can therefore be ' introduced directly into the
superheater 4, the start-up bottle 15 coming into

20 .action only when the once-through waste-heat steam
generator 1 is started up.

Since, during start-up, the ejection of water
from the evaporator 3 is particularly low, it is
necessary for the start-up bottle 15 to have only

25 relatively small dimensioning in order to receive the
ejected water. 1In this case, relatively small wall
thicknesses of the start-up Dbottle 15 may Dbe
implemented, this being associated with correspondingly
short start-up and load-alternation times. 1In the

30 vertical design of the once-through waste-heat steam
generator 1, as illustrated, this particularly low
water ejection is achieved in that, in particular, in
implementation of the countercurrent connection, the
flow passes through the evaporator tubes 30a,30b from

35 the top downwards on the medium side or Water side.
Evaporation therefore takes place essentially in the
lower evaporator tubes 30b of the second evaporator
part 3b and decreases in the direction of the upper

evaporator tubes 30a of the first evaporator part 3a.



no water drops can pass into the downstream superheater 4. Danmage to the
heating surfaces of the superheater 4 as a result of inadm ssible

t enperature gradl ents are thereby reliably avoi ded By virtue of this
design and 15 GBr§dnPzat%n P of the evapo%'é’t 3, the latter can be
operated with a sliding evaporation point over a wide | oad range. The steam
D generated in the evaphridtscr 3heansteaherBf alkreadye gdnﬁraichﬂ:ecﬂurlng

directly int he _superh art.-un _ | g
into 20 acti o%tagtﬁl %p V\%g{il Q%Fegraotn%% éﬂr oﬁ% vvals{?:e ea PO(Ettleam gener at or
1is started upeds rfcuer flar thgr ssaperhsating .ej et oush ot heatsepreinheatare
evaporator 3 ig %%H'férla%hy ﬂr‘?ﬁ‘(x éﬁefé NEREIIRS yszh%rﬁ@&té&a%%alﬂe bgtd | e

15 to have onlg tively s di rensioning in order to receive the
ej ect ed watder. tha tsrﬁ%a%a§é}fblléleatf%tF ySERHN) \&F | MRhRcIGT@Iesor diresh he

start-up  bottkeam 1@0 BRY, FeomTpheraeted;st hil%tQ%idﬂQ:e%ﬁs%@aﬁlrﬁd adth
correspondi ngl ort art u a‘lﬁjd | oad- I ter nat i on Hreg t he
vertical desi éﬂn ?ntsﬁ Rridugre ekt RER&8t CLEEBA h@r é’?&rerl

illustrated, thhe paatretr'cﬂxhptr Il:;ptltdy& waber +ejreoid oy i exaorlalce:\eeld frromhaihe in

particular, in_i I ti h u curr ct , sLhe flow
passes throughw%gg Z\gg%%rﬂlatcg?n?& t %Qgg %‘gf rH% %gé stq% 'doﬁ/%twgfr s on
t he medi uhGOsi desor restuerresd de. t@vapbeat iegha porertefror e3 t ake@/ptaceo the
essentially in,tBgehLewer fva@%@&%nw s h3gRvek, t%xsefé’é‘goﬁé’ag?r H1Q4yy part

3b and decr eases in_the direction of e upper evaporator tubes 30a of the
first evaporat dF2patitya. theG?eQ?ePtS&(}? raction of _ this wghasittur

steam D al readwaaeﬁerﬁtcﬁtd e i BGastalo Wotdte SEPaniat efinikddle §har tehep
bottle 15 is fed, for furt her superh tlng thrqu h t}rlte supd{heater 4 and
is fed from thbtESt Pahe Supethest 251t §15N hERE SR UFBFRE (

shown) as 1fai nbsfeam othér eShtseeanexEDaastd t}’ﬁé orpﬁdrtearaet;er S 4.nt sadiraedipagai n
as condensate into the wat er / C|r er fr art u
) g 8 u%&%ro yg%e m G%P g%l bé)

bottle 15, virfd ?Fy EXtr ac it evvater eant i r Cait urlngthe
start-up, is fedawtOofds frmaguihedtatio-up hleot‘el/epbﬁatfma tBe airi@/qblarqa)

the conduit 20.

By means of this waste-heat steam generator 1

20 working on the once-through principle, high steam
pressures can be implemented, even in the critical or

the .supercritical range. For this purpose, the flow
passes through both evaporator parts 3a and 3b, and
conseguently the entire evaporator 3, downwards on the

25 medium side, whilst the flue gas RG has an ascending
direction of flow. The once-through waste-heat steam
generator 1 achieves, altogether, fluidically
especially stable operation down to minimum load on the

once-through principle.



preheater 2. Expediently, however, for reasons of flow stability, the
essential fraction of this start-up water fromthe start-up bottle 15 is
adm xed, via the first part-streamconduit_25, with the feed water SW 15
before the |&%&7 %% Pthe preheaiel® 2. Start-up water not
required in the water/steamcircuit can be drawn off fromthe start-up
bottle 15 via tateditscliamiges conduit 20. By neans of this waste-heat steam
generator 1 20 working on the once-through ‘principle, high steam
pressures can be inplenented, even in the critical or the supercritical
range. For thid .purposdlastrrhieaiy 5deses gARBEGROBOL hllevapdr aRRF L pERLIAT3a
and 3b, and conggqugnt LymbRRe80ELES CVABRERAL 51 Bnt AOWNVEH d% ORukbe r250f
medi um si de, whilst the flue gas’  RG has an ascendi directio flow. The
once-t hrough WRSEE-iNEatSETEAFRTeher At &) / heftabér@hggfv&e,ans %‘{]tgig‘é?h‘é?,s
fluidically esped)al |l anst aklae rgierg@t i ®n fedwiui0 nigw)muntboadeon héeted,
once-t hrough prihnciapl.e. . 97 P ?407 P —th -&3éVPC1(;/rD%O9r8/ g%5363
Patent O ains FPaTactqpiaed \BE: 3 sFRERLTerE i or T QUYn  SVRRSAATSEul &7 f or
a conbi ned- cycwhipdweisplamtneatiead annurdertefcdrheati ng stihé addsiq 298s4)
heat abl e by ne of fI a a arryin di ym be heated,
a preheater (2;3(%%f)'ol P%wuﬁbgaﬁleg\l/g%orgtggrg (%&o%’hﬁﬁgffﬁe %oz?'\s/yovss?%e%wa%d a
super heat e¥0  papheagragcet? hgandhereggsecatky & 3yuparhpateirud {gasoni Hee

bei ng arranged (R elQad Ne Jeedi um side in countercurrent to the flue gas
(RG, characterized’in _that the evaporator éS% arranged on, the nedium side
in countercurrént to t fERFHPRE CREPM sIBBRABEPED FHFRAFELRRI &C sFHR1TO
the preheater (2) o@rastépleeddiist rimbat orhe8)prdieaddch (achirey/anor eher

ube 16, (200 Lo eaacted 1] 2.2, QLIS ol anosEnt (Rl 300 1 R 2
in the flFm faue aseqRB) omghabredild). skde.  Waste-heat steam
?53?6‘225) acicg%‘i" g to Al 1o CORT ERELLESY RN NG SRAL LA 19
or 2, characterized in that the evaporator (3) is
connected on the inlet side to the preheater (2) via an
inlet distributor (8), to which the evaporator (3) is
20 connected via a throttle arrangement (9).
4. Waste-heat steam generator according to one of
Claims 1 to 3, characterized in that a
pressure-equalizing header (11,12) is connected to the
evaporator (3) in a deflection region (10).
25 5. Waste-heat steam generator according to Claim
4, characterized in that the pressure-equalizing header
comprises an equalizing tube (11) connected to a
tapping bore (12) of one or each evaporator tube (30a).
6. Waste-heat steam generator according to one of

30 Claims 1 to 5, characterized in that the evaporator

ect Has Been Replaced
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connected to a tapping bore (12) of each evaporator tube (30a). 3.
WAst e- heat steam generator according to Claiml or 2, characterized in that

t he pressure- e(&tﬁa %eader (11, 12% i's connect ed to the evaporator
(3) in a deflection regl on (10) of the |at 7 o4 WAst e- heat st eam

generator according to one of Clainms 1 to 3, characterlzed in that the
evaporator (3) (33 dénpeRPRd a0 ushaRMbE refp EVERaTatox spé3a$3l§§3a30b)

connected in sedn®ected Mg NBdl 4 sbfleehe m&Ridh B13407 P 14-
PCT/ DE 98/ 01663 5. Wast e- heat steam generator according to C ai m4

characterized i'n that M9 ThgakeySh6am ogebﬁFFtPBa)aQﬁPt“F\enﬁediQJmClglld’e

i s conposed of egvapermicier i1d@sif30B2thanendidsyMddagdisd €6 dhavet q Ba?d|)
as conpare 5 Wltg the | S|de d| nmet er (od%% of  the evaporator tubes (30b)
of the secon8 gﬁorrﬁ? F a7t de (sh) ¢ &by Qfor SYBPOLGEEL (5UBES

bei ng | ocat ed déWast rream g ahem\laparraaMetdbame(:aﬁa)(dm .+ as cYhpheeheat
st eam gener at o, ; gl ngBEQgglb) n%n:k%] : har geteplzed 1N %t[ﬁhat FélE}hat

t he evaporator tubesé| r at or parts
connected to dREP)ancPher thii r eselcpndyi aevapoc@hocal Ig/artiem (@dd  the

connecting pleéeab%¥htdé tubes V4358 h%@1ﬁ§Eﬁ%%&@@&fab%hs%%%gﬁﬂgﬁ kgeone

of 15 d 6, characterized in that” the evaporator I s connect ed

on the ouﬁloet sV SBOFStﬂ?etéi?ﬁesrh@aqae) (4) via a start-up bottle (15). 8.
Wast e- heat st eam gener ata@teadneitdi Bgeha Q;@zh@igtoﬁh%rcaféﬂiﬁ%d td Ehatmt he
t

start - bottI 1 Q connected n t he ter, side to reheat er
(2) Vi gpa ci rcul’gt ??ﬁar%cﬁsr&fﬁ hadi n§ atdo'ﬁ\ﬂm?r eE\lPr‘?co?tY?B?rﬁﬁP e F9BFS 9

Wast e- heat st edAPgeRdbat @f ddvorevapotataraparisor(3a, 3tharand ecbardctadt hat
the start-up bpgtl 15) c o] he Jnater Sl to the,

evaporator (3) via a circulating haV| ng a
val ve (28)L5 10connectisge Heme s(t3édm generator according to Claim8

9. Waste-heat steam generator according to one of
Claims 1 to 8, characterized in that the evaporator (3)
is connected on the outlet side to the superheater (4)
via a start-up bottle (15).

20 10. Waste-heat steam generator according to Claim
9, characterized in that the start-up bottle (15) is
connected on the water side to the preheater (2) via a
circulating pump (23) having a downstream control valve
(26) .

25 11. Waste-heat steam generator according to Claim 9
or 10, characterized in that the start-up bottle (15)
is connected on the water side to the evaporator (3)
via a circulating pump (23) having a downstream control
valve (28).

30 12. Waste-heat steam generator according to Claim
10 or 11, characterized in that the circulating pump
(23) is followed by a throttle flap (24).
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or 9, characterized in that the circulating punp (23) 30 is followed by a
throttle flap (24). GR 97 P 3407P -15- PCT/DE 98/ 01663 11.

WAst e- heat ste cording to o of Clains 7 to 10,
characterized in %ﬁ’gt% gi‘gﬁ;?sgﬁar ge conduit {20) having a control valve (21)

is connected on _the water side to the start-up bottle (15). 5 12.
Wast e- heat st edmi-gener Tt echR i Aeep genegatdnmiagcardsngito one of

characterized inatif@ the tpr ehegt eenh2hctereonnecti §d ERatheyi r@f&clﬁéf‘? to a
feed-wat er condui t g__)r %5}0 whi.ch a control _valve (7)_Is connect ed. %
Wast e- heat steéﬁ‘ﬁ"@é“ﬁ at oY’ alEIrEO P t 6OBRECST VEFVeD bbb 15 ocapnected
characterized ion that waesupietdess ethd 43t fos-ap boteledissyibutor (17) and
an outl et hseadﬁr4 (18), Wtaostvg'—'hcehata in_steam condui t é(%IQ% i s connected. 14.

Wast e- heat st eam’gener ator- actotdi Rg-t8 JFESEF Q%A ppggto one of
characterized Fhatthgt I Heo sliperbdbatactébizéd) ihashbwo tpar tprheadd ther SyRf aces
(4a, 4b) connectgd dghRRsi&s O the Mediatmsigle. ¢ 15 Use o, 3. Y@gl e¢ heat
st eam generator accordi ng to one of% éa:tnssslldje[eot%faéfeaedg%%éc%ﬁw%%g HLt
wast e- heat steéﬁﬁgeﬁéﬁ&nﬂthh a control valve (7) is connected.

15. Waste-~heat steam generator according to one of
10 Claims 1 to 14, characterized in that the superheater
(4) has an inlet distributor (17) and an outlet header
(18), to which a main steam conduit (19) is connected.
16. Waste-heat steam generator according to one of
Claims 1 to 15, characterized in that the superheater
15 (4) has two part heating surfaces (4a,4b) connected in
series on the medium side.
17. Use of a waste-heat steam generator as a
once-through waste-heat steam generator.
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