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) prcblem of efflclently and usably recover:ng such heat is

compounded by the fact that J.t 1s onlya.vallable at a relatively -.

_low tenperatnre level, and.ln the casa of flue gas the sens;ble

and 1atent heat contamned.zn the gas must be recovered from

.;a.large quantlty of gas hav1ng low heat content.’ Flue gas

'prcduced.by bu:n;ng sulfur—contaznlng fuels IS of an exbrsmsly

'corros;ve natnre, especially when the flue gas 1s scrubbed.by

'aqueous media which generates sulfurous and sulfuric acids
-in situ. Flus gas-usually also has a substant%al.partlculate?
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exchange step, bringing an' 10 aqueous, liquid into direct
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' stream and raise the temperature of the aqueous

liquid and at the same time to cleanse said stream.by
(i) dispersing the particulate loading'in the.
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(ii) dissolving- said noxious gases in said aqueous.“:
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. the noxious gases are removed as a dilute aqueous -
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diiute aqueous solution of dissolved noxious gases is
innocuous, '

- (iv) said aqueous liquid being an aqueous solution
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:5%containing a dissolved alkaline: medium selected from . ~{
- the hydroxide, sulfide and carbonate of sodium,
':potassium, 11th1um and ammonia; _ o
'B) then, as a second heat-exchange step, passing thed-“J

;*idirty heated liquid aqueous medium with dispersed
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d.particulate loading and dissolved noxious gases in x{“f':'"’
¢ indirect heat exchange with a cooler fluid working

medium comprlsing process water, potable water,'

- boiler feed water, air for space heatlng, combu31on'-f,

- -air or other fluid working ‘medium,
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C). whereby the dirty heated liquid aqueous medium is
cooled and the cooler fluid medium is heated so that
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fluid nmedifum w thout 'dirtying the fluid nmediumand w thout producing @
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age is countercurremtly between a partially cooled gas stream

and cold liguid medium, whereby a warmed liquid medium and fully . -
cooled g'as stream are produced. ' A. second - contact sﬁage J.s ;-
countercurrently between the wa:;:med liquid medium dérived Erom thé
- first coﬁtact- si_:age— and the hot initial .gas stream, whereb§ a :
- fully heated liguid medium and the p'artiaily cooled gas stream .
‘are produced. The first cohtacf_ stage is a- Sed of ‘packing, typi-
cally _spherical, .ring or saddles' type packing, through which. tl;a
cqld liq_uic_I medium flow-s-_ downwards and the éart_:ially cocled gas

'stream flows upwards. The second contact stage is a plurality
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With regard to thé bed of. packing, méans aré provided to.
d:.sperse a cold ligquid medium downwaxds onto the bed, so that tbe
! cold liguid. med::.um flcws downwards through the bed of pacm.ng.
! Means are provided to pass a partially cooled gas stream upwards
! through the bed of packing, so that a warmed ligquid medium is dis-
.i charged below the bed of packingt ancl a fully cooied gas stream |
E is dischargéd above the bed of p;cking.. Means are provided to
remove the fully c;ooled gas stream from the upper part of the

| . . . _ i
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invention,-thefully heated liquid nediumis typically passed in indirec{i%é%;y
heat . exchange with a 15 fluid, 80 that the liquid nedrunras cooled to
formthe cold |iquid medi um and the fluid is heated. ' The fluid may be

watier, e.g., process water, potable. water, boiler feed water, etc., or. -
air, e.g.,. air for space heatrng or to gupport conbustion, or .any other 20
-s&rtable qurd such as a. process stream..either liquid or gaseous. The
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carbon um potassrun1 I'i t hi um~or ammoni a. . . Wth regard to the
appar at us aspézh% packed

- With regard to preferred embodiments of the
'invention,3the fully heated liquid medium is
typically passedfin-indirect'heat.exchange~withral
15 fluid, so that the 1iquid medium is cooled to: form
B 'fthe cold- 1iquid medium and ‘the fluid is heated. 'The _”
- fluid may'be water, e.g-, process water,. potable
”water, boiler feed water, etc., Oor air, e.g.,_ air for
- space heating or to’ ‘support combustion, or any other o
‘20 = suitable fluid such as a. process stream, either '
- ,liquid or gaseéous. _ S
. The first and second contact stages disposed
_",respectively, in the first and second containers, may
- be juxtaposed sidefby-side. Alternatively, the first ;.
25 :contact stage may be disposed above the second
-ff-contact stage. In this latter instance, both the
- 'first and second contact stages. may be disposed in a
R ) 'single container or vessel. R o ' . B -
: € . The vertically oriented passages or ducts will S
30 typically have a regular polygonal cross-section,
. @eBes hexagonal, and the passages or ducts will
usually be aligned side-by-side in a honeycomb.
- As already indicated, the gas stream from which
T usable heat is recovered by the method-of the present .
'35 'invention contains sulfur dioxide, the gas stream’
'.lbeing e. g. a waste stack or flue gas derived from the



~ vention, in a preferred enbodl ment the neans in the 10 ‘upper part of

he second container to disperse the war med- I|qU|d medi um downwar ds into
the ducts is a. plurality of spray nozzles juxtaposed in a comon
“hori zontal plane. Baffle neans willusual)y be provided in the second .
contai ner bel ow the ducts, 50 that the Fnitial hot gas streamis unlformy%F
distributed into the ducts. Typically-the-neans to renove the fully coole
gas stream f combtisd ampef aaasmlﬁﬁrt-beni:aiaﬂrrgorﬁue]n;aramﬁlthench.qde.dan
entrai nment s atlon e the fi cont ner above 'the
bed of pack| § é‘mstf&i%%%h ﬁg?‘ﬁpvﬁ?g?s ?gmrra?r?} Sﬁ%nﬂﬂﬁ #H FHE top of the
first contaldéoxiﬂujﬁromrtheegadratrehmnamﬂidhus;ghemenedamn t he. st ack

adj acent the bRy dlie 4 ah S4HLBLEo1uBTd Uddka Ay g0t a1 nent

- separation 2 rovi eft portion of the
second cont adnslso]amﬂ/ealmMnmedﬁumheeﬂ.ﬁpé?eQDmomfthae second cont ai ner

Lo di sperse wauRisdd 0 gh Epeb UThAOWRIBLR e E e cts.  Thi s:

entrai nment séparati o means nay be a neans provi With a plurality of
baffl es, e.gpotesainmyelflalunyps asmonigacked bed. The present heat |

“extractor nethod mc{:@%ﬁ&lstbstﬁél g‘gbla&-&t@g %eﬁbﬁg bpegpgcovery of o

previously wasted heat from heat "extract or

represents alpveatdenynda 4&5@@??"&&?8‘9%@% Hée \ipeanshia ﬁ"@ven

itself,dn plg Pbe&e x&eoﬁrﬁleSseéeﬁaCbaateqhﬁﬁrﬁB rmié pétséa¥hel Ngs. The: @
ot herv& se was
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extractor caplurality of spray nozzles juxtaposed in a common
horizontal plane. Baffle means will. usualiy be
provided in the second container below the ducts, so
45 . that the initial hot gas stream is. uniformly
- distributed into the ducts. Typ:l.cally the means to -
remove the fully cooled gas stream from the upper. -

part of the first container will include an

entfainment separation means disposed in the first
-26 . container above the bed of-packing,-a.stackoexteﬁding _
upwards from an opening in the-ﬁop of the first |
3 container, and an induced draft fan which is disposed -
in the stack adjacent the top of the first
container. Similarly, an entrainment separation
o5 . means will usually be provided in the upper portion
- of. the second conteiner,.above_the'means-in the upper-
-part of the second container to disperse warmed:
liquid medlum dovnwards into the ducts. This _
_ _entrainment separatlon means may be a means prov1ded ,'#
30 - with a plurality of baffles, e. g.; of the chevron R
type, or a ‘packed bed. : : '
‘The present heat extfactot method and apparatue
is primarily directed to the recovery of prev10us1y
wasted heat from



be retrofitted'to any’ heating installation, burning any type of fuel, e.g./.2y"

~gas,. oil,. coal. or refuse. Wth this recovery, the overall thermal-
'eff|C|ency'of the instal- 10 lation Wil | be raised to greater than 95%:
This in- crease will be reflected in-significantly | ower fuel consunption.

' e heat extractor prin IL.n_summa ons a direct contact
“heht - t ransf efk B@héﬁg'to&hgﬁn¢@etﬁ@ai eé%ﬁ%ﬂ T FRAFSTY Sf*P'u Bas&2S8a

\INor king li qurléaﬁnk@bbeer Sdekzta@edtahut ﬁiermd qmmtcemthamt bbe en hotstle gas.
t * IS su uent pu Q er contact w cess
fluid to be heaP an uSe &ennﬂpa & JUtFiandd gﬁ?ieﬁéﬂenger

In this mannghgst heTheabthemSeZG):asﬁe@“ Héaaﬁnddietm;adlm the &@sthe col d_'
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'ﬁ;lstent dueconsumnptpoasent uni que nethod of flue gas cooling. For the |
_ jority of heatlnghbnﬁ%g&l%%wygﬁﬁgyﬂﬁyy é%ﬁié”Eﬁn'éﬁﬁﬁgﬂfenéhﬁlg&ged hot .
vt er heater; dgéec%rcontact heat-transfer scheme to remove the
15 = heat from the hot flue gas. A working liquid solutlon
is placed in direct contact with the hot flue gas. It
is su.bsequently puu :Lnto thermal contact with the pro-
' cess fluid to be heated u31ng~a modified- &e31gn.shell:
 ‘and tube heat-exchanger. In this manner, the heat trans-
20 fer from the hot flue gas to the cold process fluid is
: effected : The cooled: flue gas is flnally discharged
through a stack'at a temperature of- approximately 90°F;
(32. 2 C) &n induced draft'booster fan is employed to
compensate for the pressure drop encountered in the unit.
25 _ An.lmpertant characterlstlc of this process for. |
- flue gas heat-transfer is the.fea31blllty of lowering

~ the flue gas.temperature far below its dew point. The

suliurhbase&.acids€cmﬁdense&7hy'the'eooiiﬁg,process |

. are diluted to concentrations of less than 0.5% in the

'30;' ﬁbfking“liquid'eelution.- At these concentratlons, the
o answer to the problem of corrosion prevenulon 1s'

; reduced to readily available chemlcal handllng procedur—
es. Cold-end corrosion, ordlnarlly eneountered at
temperatures below the flue gas dew point, is non-

35  existent due to the Present unlque method  of: flue gas
| coollng. ' '




gaters., the recovery rate will be 17% 25% of the out- put, ‘for flue gas
dperatures from 300 to [err] (1.49.to 5 . 427 C). The savings apply to
Nbeilers burning oil or natural gas. Qther applications include dryers,

ovens, kilns, singeing burners and hea setting units.. In these cases very .-
little heat is removed by the process, —and therefore virtually all of the \g-

-@eat input is lost 10 through t he- -st.agk. The- %ent hea ﬁractor
. it hod and appar &ors thg Imaiowiier -of Nieating, 1HFE§£'§‘?‘| g 'tshﬁ‘j:

amounting tq ?-l mal theidirederd F1Ped . hod watyrphsatersh sm:mxper mt

t he  renoval eX|§t|n water or air heat S ﬁ¥5%~§ klt tirﬁ%%thelhrecovered
energy as 1&ea‘tt€m§5,héd%e RREFELTY nrEhe - B§ s

L '%otvr ansier gadl. témpénabaag- feond300t ¢o, aooé‘r}.edm Areong -
it before i éBtated toT1ts wo

in nper.at ur e nd used f ocess.
For plaBts \M?gr fe e ATIRES Z%P"f rﬁ%eﬁ@'é&ﬁ?@r P& © eat
extract or Wigy0d } heotmst applbtationsi igeludendagyeins ,orov:ensaw ng.
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It is peEssi Hh@cdugh atrh@rstadﬂe.sy%heﬂpresenrkbhﬁa'tdleﬂate:asrmmmﬂtml ons. An %
olready pr o aPBriRees YEEL, YoGReRHTRLE Hep ey oot iilg (O 246
equi prent , mé)lamimtingthe akmostgthe tededi hgadolinmus 4 erlmeR@NYp. vat er .
jﬂgscgg[ t ng@;?gf\g%eﬁ%gpg%m $8Eh2R the’ PREAWMIPBPUAGAAD watiGFessi 1y as
-air heaters, by subetltutlng the recovered energy as
15 the heat source.
a - In the most common appllcatlon, the recovered hea‘t
is transferred to ncomlng cold: water, thereby warming.
- — it before it is neaued to its working temperature: and
| used for orocess. For plants where the use of hot
20 ~ process water is high, the hea‘l: extractor will produce
the most dramatic. sav:l.ngs. In addition to. saving fuel
by recorverlng otherw:.se wasted heat, the capacity of
the installation to produ.ce hot water is greatly in-
| creased. Such an. increase 1n general 1is sufficient to _
25 relieve strains caused by peak demand. Othe:r: applica— -
o tlons include the preheatlng of beiler makeup, space '
heatlng, a:Lr preheating, or any s::.tuatlon, where moderate .
temperature heat is requlred. 1‘17 is possible to tailor

' ‘bhe system to’ comb:.ne d:l.fferent appllcata.ons. An ex— o &
30 ample of this frequen‘blj enoounuered is the further o
heating of already preheated process Water, 2s from | 2

ex1st1ng heat-recovery equlpmen’c combined w:.th. the .

heat:l.ng of incoming cold bo:.ler—makeup water. Th:.s

sort of recovery optlmlzatlon is ram.dly becomlng a.. '
35 nece351ty as the cost of energy 1ncreases.



The use -of the second contact stage.consisting. the plurality of.passage

or :ducts provides a contact device having a high heat-transfer to :

.mass-transfer ratio. Hi gh heat-transf is desired with | ow mass- 5

transfer, since, when vapor is evolved,"\heat is con- suned and wasted as -

gyent heat of vaporization of the vapar-—-which becones entrained in the gas
eam Hence, .. itThe am!esmf athe secondi Ubneaatsstagens:bmnals‘umg)tdﬁr

6t

wor.ds, there eiween the heat.i e nd the
P oduEt i on C i GBS 4P ePobEE b gAY, Hovifled e ol lee
acconpl i shed dewrite ekalm@rEalmighhheaghtransé‘arertopmasis-{ﬁmnsﬁerI i qui d

fllmsontheln.ers rtical ucts, in
t he second corfﬁ L&%Jg%?eﬁ‘hgé é@%ﬁ%ﬁ igcé%%%%%er)ﬂmoﬂ”o#% gl S '
device, . § he mﬁnﬂ’erenmaeumhen vaeoicl Gisi éviodsiedyn hiclat s con— -
t her nrodynam ¢ I [, t t o] 0z e 3) esent.
arrangenent \/ﬂn} Ig‘iw @%ﬁ&?‘ J%g Erégég g% %]gg%{l- %ﬂl i ?%%The
present. devi C\amld tmmmemeSeenéramnedf én tthe wmes @t;taa@h- of vvast e heat

and specificafly.dorsits a a&%&%@ _
peans of a rg%uoe% at'.ll‘t/e ?égggﬁg% lgé Bﬁjﬁl S thg‘g%a at t'ﬁe heat rrust
be transferrevthai’-'a}ﬂw(iﬁb ﬁh@raniﬁr@ﬁmpﬁél\ﬁéplﬂl we tvegts dhen freaelrssit at es
© the highes tk%)sv?%}@ef 4h@UtHe gih&?ctﬁgﬁp%ffa%fp%r Jhenfeatdges and

; er

her advant ages %@esent type heat -t rans device and nethod .
Wi |1 now be JEHSFr2Q-to HaeafioEmer.t hdhlst £8d ascompldshed I¥ Siepcts

obviated.  The,ssséeCehhsusRE thé cfi9B13 b wt hhleh&h3t: mema CRIIMSi Ve gas,
and the l'iquid can bg chentcall tre%te desired. Gas with very high
partlcul at e |%dt%slnner surfaces o e vertlc passages, i.e.,

the ducts, in the second contact stage (the second

¢

15 contalner) ‘Without this device, the outlet temperature
- of the llquld medium will be thermodynamlcally llmlted
 to the range of 130-150°F (54-66°C). The present
tarrangement-w1ll;a;lcw Qutlet-temperature&-SIgnlflcant-.'
"~ 1y higher. The present device and method thus serve
20 for the reclamation of waste heat and specifically for
' . its sabsequent transfer to yet another medium by means
of 2 recunerative heat excnanger. It is the fact that
‘the heat must be transferred to a. final medium from
the worklng llquld that nece531tates the highest '
25" poss,:l.bl'= liguid outlet. temperature.
' The features ‘and. other advantages of the present
"~ type of heat—transfer device and method will now be
.outlined.  Because of” the wetted surfaces,. cor2031on
o _Iils obviated. The surface is not in contact with the
. 30 'very corr031ve gas, and the 11qu1d can be chemlcally
' treated if desired. - Gas Wlth verJ hlgh parulculate'
' 1oad1ngs,'”
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10 '
ing, fibre, soot, ash, etc.) can be processed wi thout’pl udgi'ng problens
e {binge cﬂaﬂjraaat Bbezto,f ddte, i eterpalkcsan Kaspwoce ssedenithbair apagedsn g
ich m ght. coagul ate or stlck (resins, guns, plastics, etc.) can be

ocpnsshaier@&mev\tbl thandsse pactute of fete dhtemadlgui dGard weeharried -
f.. If they do con- dense on the inner surfaces of-.the passages, in (W

necahdéhisibie | conpdrds RFDERNMiYA. rcdaguﬂ.aﬁdﬂmﬂ- asttchpefiteins, .
ail able. The present. device is excellent as a direct caqntact heat- tr'ans-

r ghﬁusceprXsﬁIl@sWaflec )gaéaﬁYEéefftdwéége&he miesderi 1l Icbifdehse tdh
ss-transter ratio inherent i-n this contact. The prmar- reason for this.

1 tEie PSR fHtd a6€ HOL I Rhi@Nahlabd atdrPiell OB £XNLEi theyl ot @R n-

jrays will serve as an efficient con- densation mechanismfor- the exiting-
1S dehSet bnS ¢#08aidnddy gk HlcsBr 3fs. e Pab_UG W) %a?a]b@%ai higidevi ce

|1 also performthe function of allow ng countercurren | ow of the gas

Hhim 8to)be ANpSIEH s SY8ih0due tdabhbl ke tH8efds egaw(rail%ﬁffd.

oplets to swrl- and hence’ m X, which woul d Tead to a Si ngl € stage

NtPgdi Peesekie aa@&c@@téﬁéémén@rw agaﬂw@%@eﬁhﬁe 'hé%lo% E’%:x}sT o "

p sprays will renove a very .large fraction , typically abo

' EECRR L R A tﬂ%géf:?ai Hiek L0
f%i £8! GuasliloLPRBNHEr PILAG! ERRABM € CLAT UEE Sedh LA CSPILC Y

o PBC R Cimld oS Ueblal 1A £ CbETs LT %ﬁéfﬁ%%’mﬁa‘é%?é'

05 88ine el Nm DS 2 ARSI AICGNE T o kb HYdid) By

using sprays of various spray angles, this device will ‘alsc
pexform the fmct:.on of allow:.ng countercurrent f£low of the gas
with the spray. This occu'rs due to the inability of the gas

"and/ox spray drcplets to sw:.rl and hence mx, wm.ch would lead

design still pe'rtain The ton sprays will remove a very la:r:ge

| fract:.on ’ typlcally about 90%, of the larger and pluggz.ng—
caus-:l.ng entrained particulates. Th::.s.- a2llows the gas to be |

. subsequantly treated by other-.m'ech-anisms- such as a pécké& fc‘c'er,
bag' filters',. etc. | The present contacting dévice- pfcduces a low
pressure drop resultlng in low power consmnat:.on and structurally’
's:..mpler equ:.pmenl.. _ ]

In summary, the method used £for heat recovery in the

Present invention is the direct contacting of a working liguid
with the hot gas. Thisr ;onﬁact is made in. countei:current fiLoﬁ-
so that_ the "gr'eatest temperatt_zre approach can be é.chieved. The.
liguid will 'u's1'1a]_.ly bé a watef solution, with the sol;ite chosen

"

hJ

»

Ing in | ow power consunptlon and structurally sinpler equl prrent =,

“”2% Sn ad ngar “*"ﬁﬁé# kA #%35%%%%5%#%‘%2%%@# g "

to a single s.tage contactlng. The same advantages of non—pll..ggz.nc '

e

'
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|nstal | ati on. The. object of ‘the .devidd is twofold.- Fi rst to recover hea@/

.atithe hest possi.bl e tenperat Vi z at, t

hi gh®% t’k’%ﬂ%ﬁ%\fﬁr%"al ThH: ?anréf eﬂfé?%%?ﬁg ¢ % q"S"E)‘Elbrﬁ'lﬁrto
pekmt thiscrubbl ng of the gas to renove both parti- cul ate e.g., dust,
ash,+ Nand gaseous contami nants At the hot -gas inlet, liquid

ou‘fl et end (s ond cqnt act h. heat fer_to mass-transfer
rati o cont actlﬂﬁ%edQGD@é‘QS° nﬁﬁﬁyéﬁ‘ﬁ?% ng‘k'@%ﬂi? ap%?'Fz’a‘tn o?PoFe\ﬁ:ﬁ’&r
uséd in the cont acting. Such rrass transfer. would result in

absoRBeE Aorvasehigisgt RPSB1IPAte HETREY abPERapifiZat i R Eh\er i‘ﬁ’aﬂ-—t

sensi bl e _heat of the liquid,, therehy dlmnlsh ng the increase jnits bulk

t etipbPatinse highegty te@new ahursedddewes in -dder Qgﬁfé’a?-q“ycc sySan-
of :la parallel group of perlpheral .. falllngbllqwdfllm ri sing gas- core .
coht Secend i E@ peERLdy -ther Feruby ewHas T Teroven bethi pastior

a slert i cal cylindrical annulus. This. aI | ows for the high heat-transfer

r at;echdlads ve2 t @ ¢ hdusdss-ashnsdstatetbcAs 306h JFREYES| FOnkaminants .-
terrperature is high. This stage will ‘transfer about 25% 30% of the

gvii | abl e heatAtnthee hpds ga8eindedindeiquidl opsletrendr {sesondhgontact
subsequent contacting regions. The liquid is distributed -at the- tops of
t hg saigeley sabpighs Asats- ptanpfayr o zhass- transipr drasisuppdntacihing
Quiip, the suction end of which receives liquid fromthe prior contacti ng.

Th & prvdydengis cetpioyed tte mindimdzwnthet vapogd zastonecoHwalters usdd in.
eniral n and renove nost of the coarser ash and dust particl.es in the gas.

Thi: 'sthewaitactingdt eSudls pass-titangfetr wballdmmsubtr tircl e heat
aggl onerating within the packing region (first stage) and causing a

r efit ebeidxed nfrbm fthre daovgeiny to Iatentsheat @ﬁtvagdzfnezanﬁ.bnmﬁthéf
par\ked t ower contacting

; than to sens:.ble heat of the l:.qu:.d, thereby d:.mn:.sh:.ng' the
| ._z.ncrease; in :.,ts. bulk temperature.' The device in the second con -
: ack stage—l b_asicalljz ccns_i.sts of a paﬁ:a-llel‘ grcup ‘of peripheral
~£alling liquid. £ilm,. rising gas core cottactors- in a counter—~
‘eurrent arrangemett within a vertical cylinder orx a-verti_cai

cylindrical amnulus. This allows for the high heat-transfer

'y rate-relative to the mass-transfer rate-. As. such the outlet
water temperature is high. This stage will transfer about ZS%
: to 30% of the available heat in the gas. The remainder will be

transferred in the snbsequent ccntactiﬁg regions; ~ The 'liquid

is dlstr:.buted at— the- tcps of the c.yl:r.nders by a series of. spray ;

nozzles. “The ].:Lqu:r.d is supplied by a pump, the suct:.on end of

which receives J.J.qu:l.d from the prz.or contactz.ng-

- 440 & T rgess $ B o opors s Mmyse vl ws
. 3

The spraying contact in the second contact stage passages

or ducts will entrain and remove_most of the coarsexr ash and dust !

| ‘particles in the gas. This removal eliminates the possibility

of the larger particles agglomerating within the packing region

"! (first stage) and causing a restriction in the free flow area.

i}
it
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¢ . The liquid in this region orig{nates .as cold spray &t ‘the top of
NS fower.. The gas is in countercur¥®nt flow with the | iquid. The {

g%%dﬁgagbeg{"?u%gé&ﬁss GLBbELAT e Bhckba SR L Bk £ooyARL! O1al.

I'ng action hi's causes the renova t he i-
 oRaFaonand Hiduit UF AR IRESHR PRt T R At W
g e bRTRe (en 8" RGP BN, 3L SR REb b st PRent Baoii ey,
e "Thabl v ThA eRaee cof BB SRR ThR. iRt ar el i ks of
i S’ Ui 8RR T B Sr R RS R s
RPRGeor TRET | GaPaeR RE HFEROeTo R hLBoH IS PArSiaieRe
WAL, 360 GRSSOTs AR en it SRPARIGRR b PHAReThRqdchades
&1 Fbeciin® FEHRPRIS MLCERSoR SIS 16, BRERaHEneD, iR ol saUbe he |

bpended, ¢l ai ns.. BRI EF SCRI PTI ON OF THE NGS FIG. 1 is a sectienal |
.ef-?%ﬂ!ohtvicéov e ks i FRWPVE & BIEIA SBS-£| 8- + SBLEYEH om

-apn, view taken substantially alopg the lipe 2--2 of . FIG 1. . FIG 3 is
A PBHARan THRIFRAITY ﬁﬁgtlaﬁﬁ?- P&d&f"éﬂﬁﬁet gan ibe useq for the |. FiG.
is a sectional elevation view of an alterna- - ' : '
removal of SOx.

The final contact is between the cocled gas and the
cold liguid inlet sé_raf. This will E:ondensé and cool i:iie gas
down to m.th:m a few degrees of the inlet ligquid tempera.tura.‘
The cold gas is now discharged to the atmosphere. | |
| The net - result is the _t:;.'ansfer of all the available
heat of the gas, both sensible and latent heat of the water.
vapor it conta’ins, the heating of the liquid to as high a tempéia—-i
ture as péssible; and . the Scruhbing' of the gas.. | |
The 'J'.nvention'; aééordingly, consists in the features
of comstruction, combination of elements, arrangeﬁent of parts, |
and éeries. of ste'ps. -wh"ich_. will be exemplified._ in. th_e_: method an.d .
apparatus . hereinafter descriﬁed' and. of which the scope of applica-

tion will be indicated.in the appended claims. : . . -

BRIEF DESCRIPTION OF THE DRAWINGS.

FIG. 1 is a sectioﬁal elevation view- of one embodiment _
of the invention;
FIG. 2 is a bottom plan view taken substantially along

the line 2—-2_ of PIG. 1;




odi ment of the invention; FIG 5. is a bottom pl an vi.ew t aken

~ Live eff _
‘substafftially along the line 5--5 of FIG 4; . - FIG 6 is a
sectioffal elevation view of still anotheéf}.alternative enbodi nent of the
inventfjon; FIG 7 is a sectional elevatd-gn—vi ew of still another

aktern

i nvent

the-in
now to
The so

bur ns fuel wth. air in order to generate steam The conbustion process
evol ve t QF ehe 12n¥RPRERO™Y t hout any ‘arrange- ment for
scrubbifhg and/or heat recovery, would be passed via gtack 14. to .
at mosphier i ¢ di schar §EGH - k¥ earPabEoRy PR | Le¥ FRERM SYURS herparl Ly
contaifs nitrogen, carbon dioxide, and residual unreacted oxygen, and in .
-i nst affc SLAWP@EnthRe 1dBE Snrhedt i RIGni 4510 contains sulfur, the gas stream
.10 willf} al so contain a snal] proportion of sul fur_dioxide and a | esser
propor tj on -of sul f uFIG4 &ikle.a seekirnal e lRVHEIA: YAEWE Qf | Ftiildo another
contai gl a viable snmall proportion of entrained solid particlés,_e.g., soot,
fly ash} %’ée.m¢%W@alqn92°£ll'j erin @f theydfureREsCRF a tenpérature in the .
$ange ¢f about [err% to about [err]. . In dccordance with the gr,esen-t o
_inventifpn, stream 1FIG4 nbtk| R cFeationdlyeevatirBaleY 95 phiddd angther -
val ve 3B, shown cl osed but_pnornall % open,_ through duct or -conduit 20 via .
* streamlp2¥eprpasivesienbodinerb aanfaevinventigresent in- vention. "Stream
22 flows fromduct 20 into the Iower portion 24 of heat extractor 26, which
i's of gt configurati 8FG« hekdra-flow diagram of the invention; and-
PIG. 9 is a flow d’ia?::am of another émbodiment of
: 'l:he 'inventicn . ' |
' DETAILED. DESCRIPTION OF THE PREFERRED- EMBODIMENTS
Referring now -to FIGS. 1, 2 and 3, a source 10 of _
‘waste flue or stack gas is shown. The source 10 in this em-
bodiment of the invention is a steam boiler which burns a fuel
' with. air in order to qehex_‘ate steam. The combustidn' p:;’oc'ess _
evolves a waste f£lue gas stream 12 which, without any arrange-—
-}l ment for scrubbing and/or heat recovery; would be passed via
' stack 14 to._atmqsphe.fic discharge via stream 16. TYPica'llYf:.h
& : stream 12 principally contains nitrogen, carbon dioxide, and
R _residual urireaLctéd oxygen, and in instances when the fuel burned
' in unit 10 contains sulfur, the gas stream 10 will also contain-
i a small prop'ori:i'On"of sulfur dioxide and a lesser proportion
- of sulfur trioxide. Stream 10 in many instances will also .
~contain a viable small proportion of entrained solid particles,
_ - e;g., soot, fly ash, etc. Typically, stream 1_2_ is generated a€t
Ha tempé-rature in the .range of about iSO°c' to abbut"300°c.- -
/\ : e

tive enbodi nEAG-0f3 thfe 3 RRREPBNPLANG VLY stakenofulskaakisl lheaalong
on; and, FIG_ 9 _is a flow diagram of another enbodi-nent of
lertfisonlipeTArrBD o HENE AlrF ON OF THE PREFERRED EMBODI.MENTS Referring
IGS. 1, 2 and 3, a source 10 of waste flug or stack gas is_shown.

rce 10 in t hEZGem4 Hetliaesechiongd iSRRI vigvs famBopiléemeth
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2 .
ar'i'th. t he present invention. LowRg. portion 24 of the heat" extractor 26
C afns a plurality of spaced apart .parallel hori- zontal bars 28, which
ari¢ arranged i n FRr accgirdaneceswish thea@reseatparven bhon hatbgatno 12,.
eviénl y di sperse gas stream 22 into the plurality of parallel vertically - -
orii}enl-eatgé-sl @l sdjschageviyita skread dfnards pPersaedcribovalnePLBs 32 -
ve gas passages 30 conducts a liquid nediumto spray nozzles 34, each of °
whi chshewor icdmsel abutthqampal ly engeof, diwroighhéysis ayesod@uirbe20i gijl
maflium-.in this case an agueous solution, is typically discharged from
smays’nueatte§23£h?ar priooessingr éni raderdamge vitdbothie[ prgdsemtabast 8QC.
The sprayed liquid droplets streans 36 dis- charged from gpray nozzles 34 -
dg$ceventiicough $eseapeLBEbowsi fromyaurt t 20 dadc tiiet lewmsspgeTidh SO
tqft athinliquid fil;m38 (FTG 3) flows downwards on the inner surfaces
of{jcaZlh of hizmteargmatgas2pasvhdeh I& offhe desrPimihngtiidnsiRSapatsicd—-
iffo section 24 and coal esce into a body of warmed |iquid nmedium 'now
tyﬂ)i cahty atith tehpepaiagent nihbentdege. doweaupdi¥idén 24Cof sheceHaze
ofjfwarmed liquid mediumis renoved fromthe bottom of section 24 via pipe
4 % ikt acti 26 Sconteaing Oai plaraddityexshaspaceld agaetsigesaitll hori— *
capled in unit 44, typically to a tenperature in the range of about 45C to
about zbatall BEWs cRgl,edHichi dracdirt@nded einNPeehIIOM wokis <4 uka pipe
orifduct 46 and fl ows upwards as i ndi cated by arrow 48. Pipe 46 dividés :
Mo tecuehe a8 e bArFIG tak@f £hakpeydbdo @ekady !mﬁeﬁaé %ﬁ'ﬁa&e\aﬁ 22 f
e 52 as indicated by arrow. 54 to -discharge via stream 56, which in the :
e Phivaltle -SLaYANING B fpadLalas e be: 8h3hardiellehted Sfasrna%_é s .
e to prevent buildup of entrained solid | parficles in the scrlbbi ng
ﬂuiﬂo, hﬁﬂdﬁ“é&ﬁéﬁdMﬁﬁh&ﬁ&shQEcW@%ébE@éncﬁﬁfﬂ”5 sul fur di oxi de ‘and
hg¢ 1iquid mediumis an aqueous- al kaline solution or slurry, stream56 may ,

I
I
t
bej; pr o- . Pipe 32 above gas passages. 30 conducts ‘a liquid

medium to spray nozzles 34, each of which is oriented at the

' ‘upper end of one of the passages 30. - The liquid medium, .in

this case an -aqueotis-‘- solution, .'LS typically diécharged from

~ spray nozzles 34 at a temperature. in the range of about 40°C

L r e v e per———uay ¢

to about 80°C. ° T'I.'.'n.e--s;;:ra_yed 1iquid droplets streams 36 dis-
.'_cha.rgad' fro;'n ép'ra_.y nozzles 34 descend th..fough_ passages 30
and impinge on-' the walls of the passages 30, so that a thin -
liquid film 38-- {(FIG.. .3) fiqws. d_otmwaras on the- inner.surfacés
of each of the-hexagonal gas passages 30. The descending
- films 38 pass into section 24 and coalesce into a body of o

warmed liquid medium, now typically at a temgeratﬁre. in the

o O s o

- range of about 60°C to. 9s5°cC. A stream 40 of warmed liquid
medium is remove& from the bottom of section 24 via pipe 42, :

which _c:onducts- stream 40 into heat exchanger 44. The stream 40

.
- oe v et s e e

is cooled in unit 44, typically to a temperaturxe in the range
of about 45°C to about. 85°C. The cooled liquid medium is re- '
movad from unit 44 wvia pipe or duct 46"and flows upwards as i

‘\I\.




essed | @ (3>
cessed {| n neans not shown for sul fur. di-oxi-€e evo uéi on_in_a concentrgat egé,
form f qf LednBYr @FEiRf A8 on BiPEhd 6 1HRS sEPEBLFRFYTELT B-Pfh
recyclélliquid medium fl ows via pipe 50_thraugh pump-58.and pipe 60_up ds
P The Tl Ao (APPES! BHRRI 3. arCohied. LAduiin e RHR. ThARE RS RFR S um
stream|b6 to the upflow ng 1iquid:nmedi um.i n,_Pi e 60:[ and_t he r% ul t ant .
Sortbi nell A% FRHERESR S R OY O FPa SIS ® SR FEERARY T4 AP ROSty 0D
to di sdharge via. spray nozzles 72 downwardl y into_upper pac ed. 7
(i sposdl e GASRPEE HRhe brecBabLite e ALus  Faft BRY, B CiatiRrgtl to
medi umitl ows downwar ds t hrough bed 74 and furjher coal sg%nd SCrubs é{h?u
" rising ga? FRNET QK Ghe LR FPRYPNERts MY} B 6°he POW RS2 $Pa Fuct -
-or congluit 78, The duct. 78 recejyes ri,sing. pariially.coaled and scrubhed
gas 11 o RANELCHEEs 3oL SEREPRLES M Pules helJatReTH HUGPEP IO
arr ow into section 76. The rigsing gas discharged, abque hed 74_now fl ows
Fo At piRTES dUsEnFAUERINE RULERE Sherdn ns Gaeotiah G Aeahe, 18"
stream@®4 is induced tg flow by fan §6. Divisjon of fluid fl év bet'v%e?n' )
sect i onl| 76EMNAARERRS FlkPHhkRBGEQLYELION QX ‘I’Fglﬁedsﬁfetaﬁb% JVR%i OF AT
“partitign-88, which.diverts ugri sing gas to dﬁct_ 8 _an conco:ﬂi &antl'y. :
direct st dessed A5 MeANS RRE SAPHB. SR SR FHUT AHeP EIHCUPRaRY Py |
arrow 9. Liquid stream 90 passes via pipe 92 and np 94 to pipe 32...
-Peferrifig spRceptmaEad kP BoFProResrVay an pFﬁgﬁ’&,ert%%H‘i% %% 588 agé:ﬂ.lme
‘heat ‘exfthanger. 44 receives a fluid streamfrom punp 98 via pipe 100; fluid
f1 ow i.slji rserabbLlna: MeBL MR cat ed by arrow 102. The.fluid passing through
pi pe 100 may be air, water a process fluid, or the like. -1n,any _event, the
fluid i § heated fromBhe oweeYEeapdiginid RRALUR; fHOMS éﬂér%’tﬁ?esﬁyﬁ?lb-sﬂ"' yrgh
in the [fange of about_ [err] to about [ery] by indirect. heaj exchange with.
~the hot }{| i peme -S8diand iREnfROUPHAE DI FRPUESIEEIHOR +G8 by
| arrow 62.' A pipe. 64 adds makeup liquid medium strxeam 66 to the
upflowing liquid medium in pipe 60', ‘and the resultant combined
liquid medium -s#rear;r flows via pipe 68, as indicated 'by. afro_w- :
- 70, to discharge via. spray nozzles 72 dcm.mwa'rdly. into upper
i)aékéd. bed;. 74 dispds-ed within uppezf:" section 76 of the heat_
N _ extractor 26 . The lj-._quid meaiﬁm flows downwards. tl_'xrough bed. 74
and further cools and sci:ubs the rising gas phase, which is
. admitted into.section 76 below bed 74 via duct-or conduit 78.
Phe duct 78 ..re‘ceivesa rising partially cqol'ed and scrubbed gés
. - from ébove- -pa-és,a_.ges 30, and duct 78 passes the gas as indicated
» by arrow 80 into section 76. The rising gas discharged above:
. - bed 74 now flows to atmospheric disch-é.rge- or the like via stack
82 as stream 84, which stream 34 is induced to flow by fan 85. -
Division of fluid flow between section 76 and lower
.gas. passages 30 is _accomplishéd by the provision of a partition
) .88, which diverts uprising gas to duct 78 and cpncomita:_:.tlf
directs downflowing liquid medium below bed 74 laterally as in-
'dicated by arrow 90. Liquid stream 90 passes via pipe 92 and




ing on various factors such as yelative flow rates, heat exchange -
age, whether countercurrent or .co rent flow is adopted, etc., all of
i Ch is well known_to those skilled in the art. The resultant heated
PREPs e i BTPEnd\#ed from el enent 96 via pipe 104. A- portion of the ..
ated fluid streamis.renoved from pipe .104 via tapeff pipe 106 and.passéﬁ:
a stream lOReferiiiing zebw oo theldawebegostyiom ofhEPIG] abpepdbiidie,
ated fluid streamflows via pipe 11.0 to-reservoirT 112, in which-it is
484y dlkawetl bg dn IHed i extasmdafudd, redidived ho A1SHAVBkkeki® Vi a
pe 114 as stream 116. A feed porti'on streamof |iquid to be. passed to

rbpdidififd $8aLi8xgrwer pd ; Uk £BotabBed OfEhdr gldaseidAl rinhlﬁcaiéér;
pe 118 which passesS the liquid to punp 98. Referring nowto FIGS. 4 and.

%%‘r QHdWPUL b1 on Tﬁéﬁfﬁiiaoggggingi  £Braagh3 dip s Npyo, ept khat .bawate-: |

on type of enfrain nent Separator 120 T's provided in. the unit above
R IR T e R e A R R L
Efbin, & Roi8 Sehblendtind, Rol B Al LR el MR ALY B e
R e e R b S e S R e
UE"RB i d meh R HE KR O "Fd pbitii (ALl O Ve RedeiBtz . ¥
PRGBS op RS opA N g BRCh RIS AY B L
RS FRERRCE, uferort eoi i dte ERby 2 SRR Bt
IradRat Phinea Y 105, ERIER: Lbeehl; khed e (RRbR ki D120 o Fhe

S< T

SO0 ~+—"T0 0 T ~+T—

JIfur trj,oxide and form further,ol eumpor sulfuric acid. n this case the ?
lrF¥as 1% TEamibant heahard i i HhspRl 4 Fefpred ffon elemant 56
via pipe 104. A portion of the heated fluid stieam:ié.removei . =

wtilization, as described supra. The balance~of the heated fluid °

2NN =N

from pipe 104 via tapoff pipe 106 and passed via stream 108 to

. stream flows via pipe 110 to reservoir 112, in whichfit is joined
by makéup fluid,'in_this éaselliquid, admitted to reservoir 112
lvia pipe 114 as.éﬁream 116. A feed pértién stream of Liquid to bei
passed to the indirect heat;exchapgg in unit 44 is'tapped Off from

rgsgrvoir'ilZ vié_pipe 118 which passes the liquid to puhp~98.

_.Referripg'nowfto,FIGS- 4 and 5, a configuration similar %’
: ¢
to FIGS. 1, 2 and 3 is shown, except that a chevron type of entrair-

ment separator 120 is provided in the unit above the spray nozzles.
FIG. 4 shows the films of liquid medium 38 in the form of a 1iquid§

_ | s
envelope flowing downwards on the vertical walls 122 of the honey-*

comb contactor in the direction indicated by arrows 124.  An up- :
flowing gas core exists within each honeycomb passage of the con-

tactors; these.passages-beipg defined by the walls 122. Becaﬁse of-?'
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presence of the-water envelope'films.BS inhibits:corrosion'of the

, gaseous sulfu: trioxide and sul f\u’} di oxi de which are al so corrosi v'_

her per. se or.when absorbed in aguequs nedia. The presenCe of the--
FFhenpErsRnt | Fanfigunatinn sinelrddTth df CERETRA 1519909 SAF ®AEe and
ances_stream 126 may contai n condensabl e resins entrained as solid
PeELRhenak ctignid envelepe sfalmse 3y 8V3ADOCatigR HegaAipar@ Er edles

N as resins, or- other particulates=such-as lint, tend to plug. many
1iguid phasesiomio $He gas chhasey if cinhibisediandwbhers s hbigh
sent configu- ration, -condensing of. vapors and pickup of solid$.
h@#&stmﬁnsﬁerlqamatxunhtm1maksstuansﬁert ofhehespways BB minevtidd he
sence of the liquid, filns 38 which forma water envel ope. The downfl ow
Hecpredcliepn ingethyuinpacbioncand mondensstion\ad iapass aamsoby Srawer
hel 128 and passed to heat exchanger 130 for cooling by indirect heat -
thgegas ddsreamed S dinliée hodl gad isprdamedi2fmis thigclembdadmeant t
as stream 132. Referring nowto FIG 6, an alternative enbodi nent of
¢fivehe dnvensionn mafhcddeat modsty gas wibhtainimt abhedainddidesid mist,
hss at the boiler stack which allows for passage. - of the gas through
whish iy torkoSividy aigthtas theowatil ugak. £rome Pusnlgeliierschile hot
ing liquid both to the initial contact |ower spray region, via |ower

fachliifoyt dird dhishd  gulfepktiriondids conthiniens -prebaiegad e tSaht
l working liquid stream 136 may be recircul ated via’ strean11§% to upper

/s nBeiciised 401 thl oTRumkeos 66haeard-AtsqCEl Fukbiis. afig 5 Iéﬂag&f@t@ﬁe

N a hot liquid nmediumspray manifold 134 in the | ower spray region and

b lguird trkbeigenrand NRikh oFdr LAl mié&uuaeers@mfﬁléea&a FI % 1—.;1:.5

Istrat es anot her alternative enbodinent. of the invention-

dasef ke gasikt gaamidl) feoRthha ,bdid edagisiandivd Ydﬂétﬁﬁe@t% aéf' 8%ig

etc., and the initial sprays frommanifol d 144 take cl oggi ng

iisks BueossSSRlLEu tritliael A sWBfur! Bick Rk RIS Ude! 156 |

|corrosive either per se or when absorbed in aqueous media. The

40 1tet w1 mmame = s s 4 e wemss

ﬁalls 122. In other 1nstances stream 126 may'contaln condensable E
resins entrained as solid partlculate materlal or as vapors at
100°C to 300°C. .Such gummy materials suoh as resins, or other
particulates euch.as.lint, tend to plug many devices Or process
units in which they are;channeied:'however in thetpresent configu-:

ration, oondensing;oﬁ vapors and pickup of SOIid$'particles by the

. liquid medium takes place off of the walls 122 due to the presencv

of the llquzd.fllms '38 which form.a water envelope- The downflow~i |

’. ing heated liquid medlnm.ls collected below the honeycomb passages'

by lower funnel 128 and passed to heat exchanger 130 for cooling
by indirect heat.exchange as descrlbed'supra. The cooled ligquid

medium is recycled from unit 130 as stream 132. -

Referring now to FIG. 6, an alternative embodiment of ~
the inVention is shown. The heat-recovery unit as installed

includes a bypass at the boller stack ‘which allows for passage
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irge particles which., would clog the packed. bed 146. This gacked bed 146
: t tehsthehe
iper spray chanmber 148 is of standard constyuction for even distribution
il il b

fbodi ment of the. invention which is"simlar to the FIG | configuration,
iceb34y hand Honatinal drensbaratt #fe ipdh-eBchiangera s&he sSeent
Ant ai ner 152. The_contactihg device 154 features a high heat-transfer to
Hs c@idnyosking | biguwid mbireapoltfamadh ke drechaculated| ¥imisigream he
It ‘gas stream 156. The stream 156 typically is at an initial tenperature
 the8r fpganperbeprayemdnifodBodid Ve BrY beecdischaygged dicastdan
a stream 158 is typically at a tenperature in the range of about 50C to.

dr rThus ,whilg beb applusitatadtes hhothf asthatinl 1g8ids meddoamt kpragn mgnddold

gdium, e.g., a hydrocarbon fraction or the |like, then stream 158 nay be
al34némhdthehi Ipwert sprapiregion gnd a opldoligmitd [mediukiSprayi s a

owsheet showing a preferred enbodi - nment of -the invention. The process

Themand£olidG 140 eimakthe tuppérasprgyofrggiomss water stream 159 for 5 use

1 a.factory such as a pulp and. paper facility, a textile mll, a tannery

H a | aunderi nFPtan?. L1Adsrratesi aaothdhealerndidivg badicdimapthe

it abl e water for residential- or-hospital use, in.fadd processing plants,

c.ofThRewdnwaeiog.he@reFDey Jl,stHee hot| Elusnigay, stiednorl 42t uati ons

lere condensate return is not feasible. In another alternative instance,’

e fromeshd Ihoilléei nd shentdiirhy gadi remtatninexdmrge etal) ta@0 may be

r,. e.g., -secondary air for conbustion usage in any com bustion process
nekkeuinditidDrsppage Hdm ngandifold 144 take the clogging materials
such as soot, etc., out of the gas. It is not necessary to .
fnliy scrub the gas at this stage, all that is necessary is
to-removeﬁlarge partic;gs which would clog the.packéd bed 146.

. Phis packed bed 146 is- a standard bed as generally used for
mass-trahsfer-operations: the upper spray chamber 148 is of
standard construction for even distribution of the working
fluid (scrubbing .liquid return).

FIG. 83shdwsfa-prefexreérembqaiment of the invention
which is similar to the FIG. 1 configuration, except that the
packed tower contacting_region 150 is in a separate container
152. < The contacting deyice-154.featur35'a high heat-transfer
to mass-transfer ratio; minimal vaporization and a partial.
cleansing of the hot gas stream 156. The stream 156 typically -
is at an initial temperature in the range of about 200°C to
about 600°C, and the hot liquid discharged via stream 158 is.'
typically at a temperature in the réngé of about 50°C to 95°cC..
It will be appreciated that if stream 158 is other than an

-Um . :
agqueous medq?, e.g., a hydrocarbon fraction or the like, then

stfeam'lss may be at a somewhat higher temperature, e.g.,
. - " . T ————————— . -
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rates via li
_mechani cal c¢
172. The  hot.

;é\H'strean11

stteam 174:i s not PEGN@ gbwmeaafbowshees gbowiages arefienned amiedient|y
ture, e.ste 488 2 7 at the
meRt b%lb aﬁg}g&gﬁigo e ?rob%%% sEBRmE e FIP, e

hi gh tenpera
wat-er,. which

etc. “In FIG 9, the control function 1.62 con- trols flow -

nes 164; 166 and 168, which may be pneumatic, electrical or

ontrols, and function. 162: ﬁeelves signals via sensors 170
nunit 160 flows .20 via strea

a
174 to storage tank .176,_a ﬂ§o¢¢ence vi-a-stream 178, punp 180, open val ve 2@2§j}

process water being heate&

50 [RROWat

brage tank 186. During time periads when

fd water via streans 190 and 192 and

val ve 194. E&ﬁﬂﬁiﬁﬁsothenheatlngloﬁpprocaBSowa&m@ grigean 1&h-fer
TN N
L

sideratio
extractorqin
heat in-exce
a typical 10
functioni ng
about [ERR],
when t he qu
facility, th
retrofit.the
@&oss inputs
times 0.252

need_for this | ower, grade h I n_suff ent
quantities nub@aﬁédpb§ igdigwect THQ?ﬁMQﬁéEﬁﬂﬁﬁ %éLﬂP¥F f§$| ﬁ?yhﬁ '

heat sink is

ar ge

étlons Wt h recoverable

SBext 156 0mkEI L/ artmerstcelr/ e LA PSR bor (ks eFRAT to.

Q g&&g%g?éh?l A¥Lr0Bk} B nehﬁseaea&ryalbe fpzfte?o:né aRgtéy for

h erafing unit

€8S 1ngoghedyt Wheb%%@] may IR H@seolpé@mrceap,

e Ccost islo ciently so t

ﬁnrtsltugﬁipnsr@bﬁ@@n@P@@Qﬁﬁﬁ?q“ﬁéﬁqﬁ?|¥%t%9 $%%§bifth
I%ﬂ| %ﬂ@th@ﬁggl%emfb&%hli@fg’ﬁﬁd@ﬂm Proceds fruidubeing

ay '|aEb@ond&&deﬂi1ﬁvrlﬂumbus#iOﬁﬁﬁsagemih anmteomr

encountered |g ppllcatlons re U|r n hot

15

.20

ustion process O air o ‘space heating, air
drying, etc. In FIG. 9, the control function 162 con-
$rols flow rates via lines 164, 166 and 168, which may
be pneumatic, electrical or mechanical controls, =nd
function 162 receives signals vig sensors 170 and 172.
The not.process water being heated in wnit 160 flows

via stream 174 tb'storage tank 176 and thence ¥ia stream -

178, pump 180, open valve 182 and stream 184 to hot
water storage tank 186. Duxing time periods when stream.

174 is not being generated or is generated at an in-

25

sufficiently high temperature, the steam coil 188 in
tank 186 serves to heat the watcr, which may be adm1tte¢

as cold water via streams 190 and 192 and valve 194.

Examples of 1ndustr1al appllcatlon and process con~

-  s1derat1ons w1ll now. be deacribed.

35

EXAMPLE 1
At present the heat extractor unlt can best be
‘used in larger 1nstallatlons with recoverable heat in

- excess of 500 KBTU/hr (126 Kcal/hr)._ This would corres—

pond to a typical 100 H,P. (74.61 KW) boiler.  In

general, for a oroperly functioning heat generatlng unlt _

with a typical flue gas temperature of about 250 G, the
recoverable heat is 15%-20% of. the gross heat. 1npu$

~ vhen the flue gas is cooled to about 60°C.

a typical flue te iature of -
relelden‘bmalabrehhsaﬂ-taé- VS%s2 (% HO0% REOGH eﬁﬂn Rput

.



I0)\' As an exanple, in the tanning industry,. the typical fdel* and hot
ER consunption is such that recovered heat can supply 1/3.of the. energy
uired for hot water production. This factor will- vary depending on the

-.application, and in sone cases the tinOf year.. 15 To cite anot her

exarrple in residential hot. water appllcat ons tﬁe fraction_can vary frqg
71Y5 to 1. As disc s@d@ﬁﬁr&rogf%’( d‘%ai@cilwr tﬂ%e RS |%S|¥-§‘T§{§'Fa|

'-femovte v?lrl osrafl lﬂﬂbitéhwsfsSbr &mﬂatmqtdlfst te?db&fcﬂﬁqu .retkoRit! themove o
sentially all particu er above si ze. as
the capacity®@dtr gﬁn§@%ﬂe?ﬁe§&@eﬁ’3ﬂ ln@dqﬁgna:girgégn?emval
using an al keithegrbgei dnpeedisumn bk m dﬁld: or.@ad hendned KBmWhﬂ'nCul ar

r enoval S|tu§\a gn EP? |ntaIIe(a)a ﬁ burné_ ﬁ Rl

and ins?alle PEsH aun S, et anfE] Sl'/ §hd a

f ood. proces:soﬁgrplgaaae h@dﬁ Her fsuiflfiveiarig @mitmlmt BABbkel Si ze of

Boi | er/ vered/ 0SS {o t
FUel eqU| val %ﬁ?’t3OOTﬁg W%l en a su“% %%ﬁ%h‘ﬁgﬁ geﬁé’al [hr)/ 12
MBTU/ hr. (. 3. 82dkKisl b.im):.la.bl@,galslmrtkidtﬁleﬂﬁndmls,esﬁwerldﬁ WePBlL(74.61 KW/

(13, ?EH " A SRkl S Sl o 0 bbb of, fRbell'
Kcal / b1/ 48ANBEnJ/ exa.mpleQQ&mdhe’ Hignnizgg gardustry 1 1theéstypiced/ hr) -
et ot SIS R, IR, e Wﬁfﬁ o SRE e b BrbiRan v
similar insthgadt cans su:p@lché ds 9o rthee anesgyiarrpriredetopl Bodd directly
in the streapgbyrt BRolktdd% . 2NAHINE FRHAL N TEOREy depending on

~ the application, and in some cases the time of year.

15 To cite another example, in residential hot water
applications, the fraction can vary from 1/5 to 1. As
discussed supra, another aspect of the unit is its
ability to remove variocus pollutants from the dis~

= - charged gas. It will ‘remove essentially all particu~
20 late m=tter above the 1 micron size. It has the

capacity to remove chemical pollutants, e.g., sulfur
oxides removal using an alkaline liquid medium,. and
~can be tailored to suit a particular removal situation.
| . Units installed on package boilers burning #6 oil
25 and installed, 're'spec‘l:ively," in a commercial Yaundry, -
' a tannery, and a food processing plant had& the follow-
:mg specl.:.lca'b:.ons.

- TABLE. I
S:Lze of" Bon.ler/ leat recovered/
30 Grogs heat input - _____e_g_r&y_al_en_t.
300 H.P.(223.83 KW)/ 1.5 MBTG/hr, (378 Kcal/hr)/
12 II.B]!U/h:c (3 024 Kcal/hr) 10 gal./hr.(45.46 litres/br)
100 H.P.(74.61 KW)/ 500 KBTU/hr. (126 Kcal/hr)/
4 HBTU/hr.(1.008 Keal/nr) '3 gal./bnr.(13.638 litres/hr)

35 1200 H,P.(895.32 KW)/ - 3.6 MBTU/hr, (907.2 Kcal/hr)/
T 48 IvIBTU/hr (12 096 Kcal/hr) 25 gal /hr.(113 65 lltres/h.r)

\.—

tyto-
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The’ di sadvant ages _of these deyi ¢65 are:

5 [ert],.thi sPFIOFr ke RetRadBaOf TLCONREING Reatudm SiRt

] 1. _Wien the fuel burned
ERECS mAND KTLPVEERPe Al ¢DUSEE §AsVAFE RIG Wekeas
130C, in order to prevent the condensq%io- of concentrated
BLIPENnECt AESs &Y AR ER B BRSHATGh WD EF‘B\%%?at‘FHFS, t her ef or e,

he. anount of _heat which can be recovered. G ven a heat sjnk_at
L{2Zc0al |

the callection_o tic%gatéé can_cause. bl ockages

ﬁngé%ﬁééé}' é%m-ﬁh%%%&%%%ﬁﬁ? pnger tubes pAaced even

a ,unt'oiyde osition can cause a Eronounced eduction in_ the

| S FRGELY aRsthie Herean efckhe iG99 2 0er fhpapi-ating regene-

tions.. Many "tube in stack" t%pgatﬁ ngp[-art heat - recovery

vERRT- | N1 [GEFIF YL O TH HASS] ACTHEGShEFE Sperfor med wel | - -
gas, with ié; low C/Hratig, produces, a higg wat er_ vapor

osive flue g TiVhen ke t Sued, dmad cenbfiRg §WIHWr - stheaces

| ue, The ngiq for a unit capabl e of handling. oil and coal,

y Einpl putdete Fampasitupe; O&t B Wé‘%é@‘é?gph@ntmofmw%s%r efe@bout
ragiéy in which heat is. recovered fromthe_hot gas by the direct
bekIRER, t AR GFSlamER BERXERE LheUISPNISRTREEPY Rk gongemtzetest:, -

ssed supra, is so designed in terns of area, yolume and mass flow

t FRLEPFich@cdcornf cB®ySaVEIrea FOF FRELOR sWRL GRs ROk keWs r onfiihtes »

he liquid. The constraint of size vs. therpgodynam cally. avail able

cdihareippriedinits nthe cangunde of theahawhbicBeman hrnftecavenead.

enperature_can be, rai sed close to the boiling point, since t-he ~

s GVipRr 8t heat Finlyedkr &P Cy ton 20Gssthis| 861 B, see¥acdsavbaciyas

ure lowered to close to'theinlet liquid tenperature. This type of

etg*;;ﬁhe-collection of particulates can cause blockages in

: the flue and.recovery.unit:leading'to'system_failu:e- In

. aaéition,'even a small amount of deposition can cause a
pronounced reduction in the already low heat-transfer coeffi-
cient,'requiring:very large installations.

 Many"tube in stack” types of prior-art heat-

I, recovery units have heen installed in gas-fired boilers. They

' have performed well. Nétural.gas; &iﬁh'itS“lSW"C/H ratio,
producesia high_water~§apor-nonvcorrosive fiﬁe gas; This
pérmits-the-presence:of.coid.métélléurfacés in the flue. The
heed.forfa ﬁnit;gapable=of'handling.oil and coal, cu:rentiy_. )
ﬁhé preferred fuels, ﬁotivated the development of ﬁhe.present'

. heat extractor,.in which heét-is récovered.from the hot gas
by.the.direct contact between fhe gas and a working'liquid,
typiéally’Water; . The cont#cﬁ,'as discussed §EE£§,.is so

" designed in tefﬁs of area, volqmg'and mass-fidwhyates se that
all the économicall§ avaiiable.heat is tranéferred ﬁrom'the
_gasfto-the liquid. The constraint of size VS. £hermodynami¢élly

-avaiiable heaﬁ_of course applies.
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{ 'é ing a néarly per f ect countet;%ﬁkent fIOM/betmeeh‘fhé]gas and the
d. To achipvectBirdanihef 41 EAB! picdéne DHFRAE YR di EhE o, ig o

\r'rangenent s can be used. e arrangenment of perhaps the greatest T

N @6RECHaRGE din | BE AN EDYER! ken tie Sbe19aE Hophall WIHILPRRK .-

n a vertical. cylinder, pe In this manner t "'gas can nove |y

PYEH flo 8L &Eﬁga&g&g%ﬁ@tg&ﬁem& EfCekbduld gpvagodgg due to

ravity. sho _ , used 1 n conjunction wth I's & pr-elimnary
prayd n Qj QA= Tol MM aTs WA hok.. U h L L. s TRiS. S t he .
b T e by S e nEe e, AT SERY 1

A T S LR R P e S S
" GHEL 9B UPALL £ RER IS CEoRRRLIL ABlo L S egEEA L BgEEAang due fo |

resence of a condénsable gas, nanely €r ~vapor, St gnT'fT cant
AR Qi Rails T RERRRRR S oul BBt A R IRAG A Ch my
TR 85, P 0EElnl Srna e B o e ChRER -Gl e b oERARRbrE e .
o5t cPPFEARY T Bnn el A EF SRR B P emena R Mt ng peseRE |
o Sfpeaflore, U DM s eqbBoBRRGt ackiBalier s b ERISET 0l 0l ©
o S Etes HeE ko se, B FHEECReSh CHOPs bRy HTR FRRLCRVEIalt
e Ee R O core s s Ren Al Wil LB ok FaRSA MRiTeS] ead 1o
_eY££hQ§%% due to gravity; As shown in FIG. &, used in conjuncticn:.

e e Y S S e S 2 S o A VO 3 d e e e Yiemem . b

with this is a preliminary“spraying region contacting the hoﬁf
‘gas éntering'the:unit. .This.serQes the dual gurposé—of both
humidifying_thé—gas*andsrembving, by‘impaction, the coarser
" particulates. The effect of.thiﬁ is to dﬁastically increase
the efficiency of heat transfer.: | ) _:
Although the IMTD is significantly lowered, the
average overall heatwtiansfer-coefficient is greatly increased
'dué.to the presence of a condensable gas, namely water vapor,
of significant partial.pressure in tha'noncondengable gases,
naﬁely'nitrogen,‘carbonfdiOXide, etc. Since the gas ‘
has been céaled, any natural“draft-which.may have existe& has
beeﬁ lost. Similarly, the.forced draft produced prior to the
- firebox'hy the secondary air fan will be diminished.to soma
degree due tb'ﬁﬁe pressure drop in the_conﬁacting regicﬁ..
Therefore, an induced draft booste;'fan is used on the unit
at the point where the cocled gas is discharged to thé

atmosphere.
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b to hum dification and subsequent'@éaor | oss.
but | et t enper at-ures mould be nearly--equal ,

such.l osses aand grghdegietitars fdre gffesseney dxGp efot hghel n
the heat sink will be in the neighborhood. or range.of about [err]

to [ern];
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galts, aliéet the pr@anateriBikbirebtilads bé hasenbinile BMHA Thut ek,
nce at this tenperature. the abSolute humidity of the saturated gas
4 more efluailgn garfsctucheascahter AAdnBNELbY .ab®Hhiée however,
of the entering hot -gas. Furthermore, -the slope of the absolute
| vfust ep@ebalahecd!rafaimst CERas emweaplaﬂd! installat i ntosts’
the outlet gas tenperature nust.- be as low as is possible.
argowtiies inedd WrdEe £48.ScTpe dcnitevemeﬁent_;fi rRtant counter~
g effective countercurrent flow, such as nulticonpartnent -
NnGuiréhtNg1bid % Hifile impyetasit, siddesther dirdetal tontadtve
. methods, each with 1ts own special features and advantages. To -
exaiibfe A6 aCaEcRANSE ccbbirgant T tvcwlar lyadi iy Seveps heat
r-y high levels of pollutants, a-multiconpartnent ar- rangenent
ovigies F@inet 6 MHuiidiftecdriondand hilssdtpuetr ghboy Lasish aIn
)n. For service in situations where the. flué gas contains corrosive

erdddieién, tHd Wwdli Pxhilgs sultiet ttfen?eﬂgturest koulld e6é nearly
ng schene of the present invention produces a steady-state - -

A1 8a08Hing Ridmibe 60E8bhoBettiaal-sicht 1o8sek HId sabsky
working liqud is used for a single pass, the concentration wll

trﬁéAtqgrgnggdyﬂéfgiéyeﬁ@glrculated it will be higher. - As an
when #6 oil with 2% S is burned, and the liquid is not re-

ed, the conceiver i @aglifubbnel afife shbhtr BIndChab1l be e Gid%
thanﬂ1pHm 4.0. Wth totai re-

. neighborhood. or range. of about 5°C to 20°C; the outlet gas

bé

-temperetute'will be less ‘than about 30°C. This is ideal since.
i.at this-temperature the-ahsolute-humidity'cf'fhe saturated' .
-gas is about 25% a_reduculon by as much as about.SO% from

sthe absolute humldlty of the enterlng hot gas. Furthermore,
‘the slope of the absolute humidity vs. temperatufe curve in-
creases rapidly.from this.éoint.t Therefore, the outlet ges
temperature. must be as low as ‘is p0551ble- . ]
There. are other methods within the scope of the |
.-present lnventlon Ffor reallzlng effective: countercurrent flow,
_ such as~mu1t1compartment contacting, falllng fllmS) batfle

Y

‘trays, etc.  Thése provide alternative recovery methods, each

‘with its own..special features and advantages. To cite an
example, for-caseS'uhere the gas is particularly dirty or con-
tains very high levels-of pollutants, a multicompartment ar-
rangement would pnbvide.for the high'liquidpto—éas ratio de; |

'-sirable in suchla situation. | | . _

For serv1ce in situations where the flue gas contains

' corrosive constltuents, e. g.{ sulfur ledee, sulfur trloxlde,



4 g
. |4

TR ytation, the working liquid nust be-treated on a continuous basis,
(e A assing.it through.-a linmestone hed, to rempve the sulfite and

MJf at g?%rélr e%’?i SR facHirg uﬁ@nsﬁeaezfedﬁh% RF SRR fedPVan §3_R dBE CSMRRS ed
esseritial ly o%ycarbon particles and cal ci um su fste. -Wien t he wor ki ng L
|i quitl & SEPRAY - BEeES St aFLprom e L @HH HPE PR SO kel PR e BORGEDR~ IO
contH1qpus Ireatgen or fresh water susﬁiy i s obvjated_and operational -
costs RO CF. ¢ ReRFELFusntuni ¢ HeRR ¥RERIPgs dHg ohSh¥SIaG s
wherajthe firipg rate variés with a dynamic range_of 2:1. This results in
an i ni& Ar SIS RASTHenthqi EAREENGTFF AN 4‘.”%%&%&\9@# gi the liquic
preseant, the- heat-recovery units _operate | §%$t£e gane setting irrespective
of tHk IS PRGELIAY Aadbigrlehede A AG-Fldtft thghesss &S Al example,
nor e itonserv éLve i of energg | f a'form(ﬁqégtive igtiqiza;ion capabitity
S dé - S

y SR O - Pils Wi RID| 4esS ah8 BNEREY 134 nbREI 4SS HROFakSvad,

t.he rking [iquid flowrate, punping rages, gtc. Two avenues of approach

may He 1 bRER THOS | FRRCENET Ad O QU 1Sl ERFPHFe @RShiSRF EVRRLE: AGH39

bet wgen the el enents of the upit and .the circgits on the firing.rate, or ' :
‘modul lafiokl BRt PoR5% PRX secdhlli AvBlives BRePHsE-BF s¥idhgtekadsdgrers, -,

L active Qlenerts,and t he existlng cqQntr,ol s in conjunction wth on-1ine
I

deci df STERE RGO (FRe WOLkSRY| digiiid MRSt CBRplERated \Qr offs continuous
m crdprocessors are indicated. This_approach has: the - added advantage of i§§:
per m { L SonBr g1 ofbk HOABRLRT: e UGN Gf L hDeptamfy Bede ctosuch T

contripl s can be, addedq to an existing unit for whjc¢h anple operating data
are ' [aFRQYEe then FWf ik aadi sH e HPie bASLE ¥RIhPFedures amn
integeal conponent of the unit is the indirect heat-exchanger used for the
finall (¥SERPERDIL P0G NORRFRACTRFEANS GIPPFRH §SSEREY: P& sarkemed.

At is oipt.,, the working liquid will have been cooled. and wi_ll be read
for d@t' ticles and calcium sulfate. When the working liquid is

: spent process water. from the factory or plant, the need for )
:éonﬁinudus.treafmeht'or.f:gsh water supp;j'is'obviated and
'opéraéionai.costs'are teduced. 7 _ _ . ' ' _ 2 lé
I'_ _ ' The majoritf.of units have-baén.insﬁalled,on boilexs |

where the'firihg rate varies with a dynamic range of 2:1. This.

——

results in an induced draft requirement with a range of 4:1
'and'power'S:l.- At present,the-heat-recovery'units'operate

at the same setting irrespective of'the firing rate}_ Although

.there is no resulting loss of heét,:it.is more conservative
of eﬁergy.if a ﬁoiﬁ of éctivé.optimizaﬁiqn.capability is |
deﬁélopgd; This involves and eﬁtailé.the modulation of the
! fan loa@, £hé.working-liquid flow rate, pumpingirates, gtc_ » i
Two avenues of approach may be mentioned. The first.is the |
direct eleﬁtromécﬁanical interaction between thé'elements of

the unit and the circuits on the”firing.rate, or'ﬁbdulation |
control. The second involves the use of"Sensing transduceré,_

active elements and the existing controls in conjunction with

_1lj on~line decision-making circuitry. For’larger, more complex
}- . - : " . _ T
}

-
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P&ﬁ:@ ng s&h& ré&ﬁtﬁemsauamgaemmaad&o ar).existing
astics su as pol yvi nyl | ori de, solvents, ocean

orstald ariking
;n? | Aycabity “T%mkailameupefna adn 0's,
ra
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EB
or usage as the mat eri al- of constructi on.

bait 8P re

the .preferre

bv AR R WRRRNSLALS] | 8¢ the reaMersLUnits where the

ation oflchl or|a es may %e asfﬁl gh as-3000 p.p.m due primarily to
35 that ﬂ%

g material sp; ofShEOSIEY @ N i DRI £sMehey ijatdiPetlte
li quid deman onents in contact .with it be highly
heHE-SeiéﬂHhPe ‘i!ﬁtsel@yf&’? €Rei 2had Rrdderext@AShEQtUSEréth the hot
e.g., viny yester, epoxy, etc., stainless steels, and other
aaa B FId@ to beTtteae@at ofa@ £YPECRbIHE] ERel %déing
$6000 per 100 H. P..(74.61 KW Typi cally, the recovery’
cosg i

RIS 3 .
Wi ©haee fpald héooﬂéa &9& 'Fhﬁl (- ﬁéaJﬁN £fof @ithbp
ener gy 1. 251 hr per l1loo0 5 HP. (74 For a plant
e

PeyAtd ﬁgﬁggule this results |n a doIIar savi ngs
fﬂ%ggo& g ‘% . Considering- the small cost of
g the unit,phpe 'ﬂ%ti@@tum't% RRArABY thddd eAtdbelly WL ¥€ainless
t very de5|rable 10 rom an economn c Standpoint. Th|s concl usi on

@fﬂé@ OGhEEﬁ @§“§§E1§9§&t8§y RNt M tEha gﬁ%ﬁdﬁibn where

condensation can take place-cn metallic surfaces. In add;tlon,.
.there,ls a. requlrement that the unlt be. impervious to any flue-
gas. contamlnant. Therefore, the reconmended matexrial of con-

estructlon lS all fiberglass relnforced plastlc (FRP), typlcally

a reSLn base ‘material sucn as. Hetron—197. If, for example,

{l the heat-recovery unit is used in conjunction with an installa-

tion'burning_chiorine-containing-compounds, e.g., chlorinated
-ofganics, plastics-such as polyvinyl cﬁloride, solvents, ocean -

_debrls,etc,, then except forx the economlcally prohlbltlve super-

{alloys, FRP 15 the preferred naterlal.for usage as the materlal_z

:of construction. Thls Wlll apply to- 1nc1nerator 1nstalledtre—_
covery units where the concentratlon of chlorides may be as .
hlgh as 3000 P- p m..due primarily to packaging materlals-' The
presence of corrosive and ionic materlal in the worklng llquld
denands that all components in contact with it be hlghly resxstant
Thls requlrement may be satlsfled by the extensive use of | nlast1c<

e.g., v1nyl, polyester, epoxy, etc.,'stalnless steels, and

; other approprlately resistant materlals._




i on- capability, the unit price wit I even. be sub- stantially reéduced
aw t he quoted figure, making the use of the present heat-extractor

atory for maxi mum 15 efficiency.a\FEXAVPLE || Engineering details of a
: rlity will now be des- cribed.. Th® outlet temperature of the working .
| | quid is dependent on many factors The mpst  signif4 cant _of 20 _these are; .

-7 the inlet t enp & asofof te ?Jﬁbc%hs%ﬁ iFsinpeBpuneighivomhopd ofhe
““absol ut e ?6,[ o8 ?r%o Lof ddtq;fj; uet7HaE Vi) i nmygiaagggene&b@nfe%vféig}/ bei ng

burned an unt of excess,air ur nlgg nat,ur al gas, t he

amount of meerla/&ﬂﬁ 314 Wpr@ﬂ%@tgcéf/@%ﬁgﬁgﬁ 6RO Bes (fofrt 119
wher eas wigy) b N9 Hi TS Oht &HSE &faéﬁeﬁgy 31335/%% wofye To.

cite an exa at an |nstaIIat|on burni n \}\égl and with a stack
furs

t enper ot ube of (éMo-Lﬁ [ERY tFRT HoPkeRy 11 B-Fou{'@’ﬁte pto

| appéOX{ﬂg é&é%it éﬁhéauﬁe Oﬂﬁmgaﬁeéﬁﬁﬁs3ﬂ? ahagllaeteavi ;&fly | 4
predicte ature. atign burnin fuel oil,. 'and.
with- a. el?ed‘t'u\'%(scﬁrg 6{4 ?i ﬁ’ the Rﬁﬁﬁ'fiﬁ&' E’é’q was brought
up.to a tmm.atwﬁ £ %&afﬂﬁg tiver intkosehbo ihkestheartewigal | y
predi cted_val ue. This. was 3}? % case becau%g the latter reflecgted contact s
desi gn | npeoRRERiZed 1D ARQRE | GRS TERE pPRREPS Ifr IPWefiSiiTa Yener al |
t he oyl etfrioaper aéwmbmﬁctmmﬁng.l | Fhig comﬂ.hlsmmpttmqiré-he dew

t- t t th t
AR o R S N e R R S
wor ki ng | idqpatdon rcapmb:alimr; otise eupttypngcehwml ememnﬂnrey syb-ay region,
the outl €l ‘l:fanuce.l.agﬁsy f@ﬂ@é@tﬂéfoﬁstﬂgl Qﬂ’o%gdcflgure, making the

use of the present heat-extractor mandatory for maximum
15 ef_:f.‘ic:i.ency.. o

BXAMPLE IT _
_ Englneerlng details of ‘a fa0111ty Wlll now be des-
crived. The outlet temperature of the working liquid is
|  .aependent on many factors. The most significant of
- 20 these are the inlet temperature of the flue gas and its
' absolute humidity. The absolute humidity of the flue
gas will in turn depend on the fuel being burned.end the
amount  of excess air, e.g., when burning natural gas,
. ‘the amount of water vapor in the products of combustion-
25 ig. about 11%, whereas when burning #6 fuel oil that
 fraction is approximately 7%. To cite an example, at
an installation burning #6 fugk oil, and with a stack .~
+temperature of about SQOOQ, the working Ilquld was
brought up to approximately 55°C. This is somewhat less
- 30 than. the theoretically predicted. temperature. Por . -
another installation burnlng'#G ‘uel 0il, and with a. .
stack temperature of about 175 C uhe.worklng.llquld
.was brought up to a temperature of about_49°C very
o close to the theoretically ‘predicted value.' Thls was '
35 the case because the latter reflected contact de31gn
. improvements, in partlcular, the primary spray region., -
In general, the outlct tempepatﬁre of the workihg liquid.



" EXAMPLE I11. A heat. extractor of the preeent I nvention was. de- signed h
_usage in conjunction with the plate dryers 10 in a fibre plant. The :
‘awai | abl e heat in the exhaust gas was to be transferred to white

wat er . expressed in a previous process an‘&i intended. for furthér use.  The

.gas -di scharged fromthesge ers vari, e n te rature fromabout 1000C to .
Byt [err] ‘Vlmtwpﬁ%%ﬁhugég fgH @e @?aﬁm()hé;q% %.09 to 0.11
7lb (ébﬁ&b&@dOwiﬁhkehbglﬂcemlhg aﬁnmﬁsnmnﬁtmélchummdiﬁyalI

dryers opera was_ about 125, 00 [hr 5 Wiite
water will. exgpegg Beep &f £O &nfiéﬂPé’qﬁ’(’%g’d% %ﬁ l%M%{oé? [err]; at
_fli_hrate of f{jl@dﬂt%@rt kﬂniéﬁmquah.d/. bI& imistal(2fAons: temAlleping| thees/ mB'rI]'U/ 3

e required heat is erefore betywee n r.
(bet vveetgl PTTRRTY ofPLAY S8R &é%ﬁﬁd#%ﬁ?d@g@ﬂ FAEL #gl e from-
t he hot- gas i tbedbwr go?ers operating was nore than sufficient to

acconplish this tenperature 25 ri sw gal./mn.. (3182.2

litres/mn.) rate. There. is a.dire on between the vol une of
ent eri ng.wat er anA hba.tamxﬂm:'acctbrh@f dde: ‘presenk inventienperat dee ri se

does not var e b r of heat .
recovery useé %ﬁ%ﬁ %é% angr %°¥1 %glcé[ﬁaoqjherre vm?he untergﬁrrge%t flow -
. -The cont@ct i im. auﬁn.braa$lan‘b\ﬁerfﬂhmlavaﬂlarhilr€i dgat tm/e’ﬁheoexlﬂausrb 914.4 cnm)

gh and 8 f%aﬁ(%ég %oc@e %ﬁw IWW Séx H8s¥li 1a wat er

entered thro an array of spray nozzles e top the unit. On
descendi ng taepuevpgusmpmqeoedamd antgndad oﬁomef@mrp%?es WwRehi n t he

576" el TSEA bipg R B s e o Yesagrs Tt T
' from about 100°C to about 160°C, with absolute humidi-—
15 - ties in the range of 0.09 to 0.11 1b/1lb.d.e.(0.09 to
- 0.11 kg/kg.d.e. ). The maximum massflow, with all dryers
operating, was about 125,000 1lb./hr.. (about 56,700 kg/hr).
: White water will enter at-about 35° C, and is required-
;'f"', 'to exit at about 45 C’ at a rate of from 450 to 700 gal./
20 . (2045.7 to 3182.2 litres/min.). The required heat
| is taerefore between 5.6 million and 8.7 million B@U/hr
(between 1.4 million and: 2,2 million Kcal/hr). The heat
available from the hot gas with all dryers operating
. was more than sufficient,to accomplish this temperature
25 rise at the 700 gal./min. (3182.2 litres/min.) rate.
_There.ié'a direct correlation between the: volume of
N entering water and the amount of hot gas. As such, the.
temnerature rise does not. vary- appreclahly‘w1th varylng
o  load. . o :
w39 The e thod of heat recovery uped employed a direct--
S contact scheme with countercurrent flow. The contacting
unit was a vertlcal cylindrical tower 30 ft. (914.4 cm)
high and 8 ft. (24%.8 cm) diameter (overall dimensions). |
The white water entered through an array of spray nozzles
32  at the top of the unit. On descending, the drops im~

T

plnged on a series of vertical plates within the contact—
ing unit., This required a pump capable of delivering



40 psi (2.812 kg/[err]). The hot gas enters. at the bottom‘of the unit, is
. fopt ed through appropriate baffles to the bottomof the vertical plates and
' &e ce rises up.- 5 wards, throughaap entrai nnment separator, finally being
I'sthar ged through an |nduced draf?‘ nrat the top of the unit Inthis .-
process., the hot gas. comes in contact. with a fafli-n& film of water on -

{he Yot g e PRy W@?ﬁﬁ%i?" e W
effici ent4d)ep$i (Qassﬂerkgﬁmh i srThai botdges eatter=schttheyboktigy ng
Paking. onet oF Bfo B ey db My e84 Riehbi *anbIBebial nafffedifo) 0o0' of “any
i ndi vi dua’chelrbelttotmeﬁ dﬂa)wggtsgalepimm:esdanéi dqh@:céhmaeapup&s caused
This 15, UGS es thECaR, & A HELEpRSe B s Spatartal Ry PaaBlie Y Wi h
a suffici@bsechafged Hhgougn ripvindated. dralfe deafta‘crelﬂu@ttog 6fom t he
o the Bagt 2 Eine” 50 i, Weddednaind bl eBd ot A KonBAEY 2 Fied
draft. i rredfiecai feldfingpd Im 25 waterAbh thet eprddgaibeplstes,cont act 5
the appl | EarroRafBudh, & i B € 0R! hEP' B sy wiers RBRT 1 1O
ext r a0 orwaherhvalli beemt Hetw slowestobpmperadimehe iThend eahgand which is %
) wel | adap.{g daﬁoemﬁleh@ E@Q&Méﬁe@c m@cm éi%_ch does nBtM S CLAIMG

present any plugging problen.

To accommodate the variability of the overall load -

due to either taking one or more dryers off-line or to \

15 a reduction in the Ioad of any individual dryer, the "
following system was 'developed.--. The . pump was caused
to deliver white water to the nozzles at a rate equal
'_to. its supply rate. This is done using a feedback~
" actuated, balanced bypass arrangement with a sufficient~
- 20 ly higk turndown ratio. The draft regsulting from the
induced-draft fan is modulated by means of variable--
position louvers set into the duct. The position is
automatically set so as to maintain a fixe_d draft
. 1rresnecu1ve of load..

25 A1l wetted ‘components ui contact with the white
water and gas are fabrica.ted of §S316 or FRP appropriate'
to the application. :

- It thus witk be seen that there iz nnov:r.ded. &
‘heat extractor which achieves the various objects -of
the invention and which is well adapted %o meedl the
cond.:.t:.ons of practical use.. ' o

wim




1. - A nethod of recovering usable heat froma hot“STTeaﬁToT'VEEfeﬂg_ack X

gas or flue gas having particulate Ioad| and cont rlmunummmoduct 1[6/

of “combustion gases, which include sul fu oxi de a‘mmn@“

exposed to cool heat- exchange surfaces, - mnll produce~ condenséd. Sacti ve .

coyrosive liquids, said. nmethod conpri ) as a first heat-exchange
st%ﬁ bringi ng .an aqueous liquid into g%&%@l— physi cal contact with the. 10
hot gas st reasq whek atgthed eofr necoveaingy @m@ﬂneﬂ heatafiramda hsitse the

tenperature ofg Hb?f@%@%siéqytgcﬁ”gaﬁt o@%]%géc}%#é rﬁa\tr?%g eanse said

stream by (i) spersing.the partPcul at'e aqueous liquid
and 15 (||)Pard§1§§-b1aﬁ¢| eadynaoandusog&mmg smmmqslepneducapmd (iii)

- so that a dirg f&fﬂ‘:ﬁﬁs&i&&”?a@@@' Uhaee i?l@l\fa@as@fﬂlﬂa&héas amg,ﬁrdﬁt o

r oduced, and her .so.that the noxi ous Ses are renove _
gqueou5520 ng Q?mﬁ%ﬁﬁsﬂﬁdtpnc&ﬁle%ﬁaﬂmﬂﬁﬂhangﬁhsunﬁaceha dilute

- agueous sol ut ws.ruof B s V@dnaeﬁseasaaa%&% '&fwgﬁg&{t %’i&f
aqueous liquid b an a us solution containing a ved a i ne
nedlun1se|ect8§ﬁ%4&%92?P¥ AMgcir oxi de, sulfite and carbonate of sodium

o h0 The. i pt oo SEEEE e dh- ckbhRngds stetrl Wiligtig 4R AN9° bl ofe
" passing the dirty heat u eous u W | sperSe
”Foadlng and. di ﬁgé #iﬁﬁi% iﬁﬁgeélFﬁ°§OP qnﬁﬁ;%ﬁﬂnt¥%%Iwb§ h&hge with a
8ol er ibuud hnmk@mglnxkemmc@h@rﬁbyngope&tﬁﬁﬁnMHéﬁt ﬂ@&ibséiﬁﬁte;l ] '
‘boi | er feed o onmbust air _or other ui
wor ki ng nedi ‘S%tt?&anf‘\ﬂ;m{r Ce){)yf?% ﬁa? é gﬁﬁ%&“ﬁ% RYEEORBdi um i s
cool ed and thdiqudiderarid it tizeli samesthinet ¢o &dddnﬁe said stream. by
(1) dispersing the particulate loading in the
aqueous liquid and '

15 (ii) dissolving said noxious gases in said aqueous
liquid C S
N (iii) go that a dirty heated 1iquid7medium and cool,'
clednsed gas stream are produced, and further so that
_ the noxious;gases'afe'removed as'a dilute:aqneous
20 _' solution thereof and in an environment. such that the
|  dilute aqueous solution of dissolved noxious gases is
- innocuous, . : o ' _ :
(iv) gaid aqueOus liquid being an -aqueous solution -
' containing a dissolved alkaline medium selected from
25"3ethe hydroxide, ‘sulfite and carbonate of sodium,"
' potassium, lithium and ammonia, :
'B)  then, as a second heat-exchange step, passing the
| _.'f dirty heated liquid aqueous medium with dispersed o
o ) v'_particulate 1oading_and:dis361ved noxious gases in _
.30"'-indireotfheet.exchange‘with a cooler fluid working
‘medium comprising process water,:potable water, :
‘boiler feed water, air for space heating, combustion
air or other fluid working medium, :
C) whereby the dirty heated liquid aqueous medium is
35  cooled and the cooler fluid medium is heated so that

g



. 55 ) heat fromthe hot gas_ stream by neans o”m #mu" wg,ﬂxchange

ste ses the tenperature of thefllg medi um wi t hou he fluid
lr’r%di nd wi thout producing corrosiveTrquids fromsaid noxious gases
‘dtiri Mg the second heat-exchange step; and D) discharging at Ieast a
fraction of tthe doededEdomt jzheqﬂthgds csnmbmdbymhéanwaatfe,sdi‘)d ves eby

- -
heat is extr e, t, hus regovere i ndustri al
use. %éﬁ%? éﬁ@énég s?%ﬁ matah ‘%‘Fﬁ“lie?-‘ﬂ Whtek ﬁg‘? iquid
‘medi um af t er floold rtge@yumhwithdutedlﬂtgaﬁngmﬂnanﬁbuid medithedaddr further
contact with h |l al.m 1 in_.which the fluid
is 5 . wat (—%'}rj{)t'ei’ifg?é %égﬁgg'ﬁgd cgp}%]@rﬁ :}chu%\ﬁ‘?c TPRe S FaEtRF. 5.

A net ho¥l set gdses hduning| the Bedonkiheathextchangbestepychangt step is-
practiced. byyyo | %€ ng t Leam w t.h liquid
medi um n 100) CLFERAERERE b T8, S ESREIGRCE R A A

count ercurrerdiqﬁjbeaqmusaﬂ) quim)lml \gastel;ream and cold Ii qU| d

medi um vvher | @%kf £9 t
produced, a seconc] %?‘i&;ég#aq_e”%gdﬂ#gﬁ f%%ﬂdn cﬁgr e%’%r%gnngt n sal d
war ired. | i qui d:tﬁtﬂjlwq‘éﬂ-‘@éd Pif-'oriaﬂd%t’mir ak usentact stage and the initial .,
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flrst contact stage belng a bed. of pack ng through (iéés
_I [ qU| d nmedium fl ows downards and said partially cool elﬂm i" “ zH Hjﬁlms

upwar ds, said second contact stage being®§ plurality caIIy
@ryented passages, said warned |iquid _nediumflow ng domnmards on.the inner _

walls of said. 25 vertically_orjent fil
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is passed in indir ange Wi ui ereby the fully
heated i qui drﬁsancsr %8 captact HF&?‘% the fas) s& ryn’h'me met hod of
claim6 in whagh tmhéwméﬁhd@ dBtelaif. 1 ThewiHicdhodi flmi&1ﬁsln whi ch the
. fully heated 35 liquid mediumis cooled by the indirect heat-exchange to
~formtBe col d¥REEEd medi um 9. The method of claim5 in which the-

fi rﬁt OIan]gl SfcﬁndSCmiea@tetﬁtaiﬁesfacbaj.mxﬂ.a;ﬂnsmhisﬂria:ltq -Elutbkd 1s. airthe

nmet hod of claim5 in l,che t he cont agt_.s d th
- second contacé'sta&e\g;h g9t k th Ph agflq?auﬂ %ﬁ&p€§§lg§9§§§ flsst
_aﬂd seCﬁng c?hbfmpeyun;nﬁﬁrstépthsdpransédednbmaenuq#ercwntann&v' 12

e nmet hod of ¢ m5_in he i C sshave a

}bgular pongS RS Q5€iﬂﬁsﬁﬁ§¥o%é 16¥%e5T3§hfﬁb%Lg?%ggﬂ%ﬁﬁ@ﬁ?gﬁ ?2 I n which
, _the verig cal | ywor isteigesb paas sEjest acentariigstaige. beimge nethod of claim 12
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oney- conb. .
: . stream and cold 1iquid medium, whereby a warmed

liquid medium and fully cooled gas stream are
_ _produced a second contact stage being
15 countercurrently between said warmed liquid medium
_derlved from the first contact stage and the initial
gas. stream, whereby. a fully heated. liquid medium: and
. said partially cooled gas stresm are produced, said
. _'first.centact.stage belng.a.bed of packlng;through.
50 . - which saidacoldﬁliquid'medium.flows downards:and said
'h partially cooled gas stream flowshupwerds, said
second contact stage being a plurality. of parallel -
. vertically oriented passages, said warmed liquid
- medium flowing downwards on the inner walls of said
,25' vertically oriented passages as a thin 1iquid film,
. "said initial gas stream flowing upwards within said
{,vertlcally oriented passages.
6. - The method of clalm 5 in whlch the fully heated
. . 1iquid medium is. passed in indirect heat-exchange
“f f--gof - with a fluid, whereby the fully heated llquid medium
~ 1is cooled and said fluid is’ heated.
. 7. The method of claim 6 in which the fluid is

water.
8. - The method of claim 6 in which the fully heated
35 11qu1d medium is cooled by the lndirect heat-exchange

to form the cold 11quid medium.



"M.,. A nethod as clainmed in claim.1l, substantiarTy as descri bed
] ﬂf eference to any Figure(s) of the acconpany- in any of
e regoi ng Exanples. 16.. An appaB&us for recove mmngmmu:nlmmllfroma
eam whi ch conpri ses a. substantially horizontal« L ofm
packi ng, said bed of packing being disposed in a first contalner

plurality of verti I sai d. duct s, bein osed in:a ‘J'
"second cont%u ner, 1qrrgéarllﬁs/e dcgl%s%e?:g%ug ot VPﬁEﬁd%h@dfg& rRECH o
sai d bed %f@fc‘qoai:‘ﬂagﬂ'ﬁ &metjmtspmsle@oﬂsﬂdé#qw-dl&edl um f | ows down--
"wards thr h-sai rt| ||y cool ed gas .
stream upM/anr:uas thrlglué)%sﬁ dd)g% (Er)?apac lnré "%gggﬁ gﬁe Q' é’%l 16 medi um’
i s di schar gé¥age B8 §ispaspdabaote phitki sgcond echbthaby scknged gas streamis
di sckarged gve et deI cool ed ga
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stream from t he upper part. of sal s said.
warned | i uP8COREdiCAR taime iRz e ﬁmthodlsaosledl int-acedhafleer into the
10 upper p@bhtg‘fj_nggid second contai ner, neans-in the upper part of said -
second. conf i-ner .to di sperse said war rred | i qui d. medi um downwards into”
-sai d ducts % th es&%ed%xﬁé?r g 9%aim P i wisd e otlse dwemtidcddiyn t he i nner
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inittQ hot™ gas s %%&%s%mp I cbytiisiely ‘@Ihletgem&dcailqool ed,. to
f.orm sai d. parfiiealtegd ga;sls@@w&r:é gorEEB's -t 0 pass.the partially dool ed
~gas streamqffomt art, of, sai secon container into 200 said
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15  @5. A method as claimed in claim 1, substantially as _
. described with reference to any Figure(s) of the accompany—'—i:-_
:Lng draw:.ngs or in any of the :E‘oregalng Examples. )
16. An apparatus  for recovering usable heat from a gas
stream which comprises a. substantially horizontal bed of
20 packing, sa:Ld bed of nacang being disposed in a first
conta:x.ner, a plural:.ty of. vertically oriented ducts, said
ducts being juxtaposed in a second container, means +to
disperse a cold liquid medium downwards onto said bed



| i qui d nedi-um bei ng passed through.indirect heat- exchange nmeans, and a / )
fMwid being passed through said indi rect 25 hea lﬂmmnmﬂm so th tﬂ
the fully heated liquid mediumis cool and said gm

The apparatus of claim 16. ‘in which t luid is watef. . 5The apparat us -

of ~claim 16: in which the resulting tiguird nmedi um di scharged fromthe
| e rect -heat- e&@m RRArthatS ddisl cdIh | Lt nmeliiam fRowsTdewappar at us

of claim 16 in whi f|r a|n r..and e ai ner are
j uxt aposed ¥PFESy §%39W£§ _ Q§#ﬁ°é ta ﬁ%n%f%§ g?%glé i n which
the first coartially rwoled c@wcsmbamamwares sthoodghostaatnded 2>f The
apparatus of_claim 20 i ich the fli r
cont ai ner aP&% et g Wq? (answadrfmed (Qv%é@éwg %g glg%‘?ﬁ%% parat us
of cl ai § 16 biel.owhisztidedmd aff tpaaecknng msaafpblygooaledr gas- sdateamm. 23.
The appar at o) GUELS X
crosspgect | Lo'% %‘?%hgllgﬁﬁdz para i&sﬁ?ﬁ%lé?n?% éﬂ\hiﬂ%%nghe%dg% S are 10
al i gned S|deahﬁ.im&iyrcapl&ﬂmgaSHﬁﬁreﬁm from Sheavpper pardl sifmsausl in
whi ch the r t e LeE the;
war med | i qm medi t?gj%lw c]ﬁs?#\? Oé? hﬁg%i%c%ésgﬂgsﬁgﬁéﬁu%ﬁh?‘y g%%'pray
fozzl es, said’-'@pr’bhe Hevie e pares ref 1s3a1q1uﬁ1:a§’éseqntalaecomn Adxe zont al
pLane, 120 ! ilodd Gl M sdi ré‘%ﬂ’g&iﬁé& PRSSAS. Lhr %@hdﬂ}feﬂucts
| sehar ge o that a

 ghen passes Tou e spray sal 8- spray nozzles
. gross and p@e@tIo (ﬁaéaﬂﬂs?ﬁﬂ? Q%’t%b%ers ?’e@ﬂrﬁPgr‘éﬁf saiddwagmed: hen

enters the flii#iid @¥Bium downwards into said ducts, so that said
' _ warmed liquid medium flows downwards on the inner walls
of said ducts as a thin liquid film, means to pass an
15 initial hot stream into said second container below said
ducts, so that said initial hot gas stream flows upwards
through said ducts and is cooled, to form said. partially
cooled gas stream, means to pass the partially cooled gas
 stream from the upper part of said second contgiher into
20 = said first container below said bed of packing, and means
" %o remove'a-fully5heated.liQuid medium from the lower
 part of said second container; this removed fully heated
‘liquid medium being*passed'through'indirect heat-exchange
 means, and a fluid being passed through said indirect
25 ° heat-exchange means, so that the fully heated liquid
medium is cooled and said fluid is heated.
17." The apparatus of clalm 16: mwh:r.ch the fluid is -
_ water. :
- The apparatus of claim 16: in which the resultlng
fad 30 llquld medium dlscharged from. the indirect heat-exchange
-~ 'means is the cold liquid medium. -
19.. The apparatus of claim 16 in which the flrst con~
tainer and the second contalner are Juxtaposed side-by-
side. _
35  20. The apparatus of claim.i& in which the first con-




iner. 26  The apparatus of claim. 16 in V\:hl “ﬁlm‘l\rermve
ulfl y cool ed gas streamfromthe upper part of “ ﬂ“m ner

S an entrai nment separa- tion i@ s di sposec I 1t t he Yirst “cont ai_ner
the 25 bed of packing, a stack ex endr ng upvvards from an open- ing s
Hnthetop of the first cont ‘S nganrn ced raft fan, said fan beng-
di sposed i nt&HQK s ERPEL n? o¥ e UG SEF S108Fr ai ner. .27  The

apparatus @f cl ai The lﬁpparmshohabnhemnwiﬁﬂhmmm\zﬁm|¢bzthe second
cont ai ner ]] the.initial

ow the du at Qt stre formy
dis- tri but%u?'?ﬁ'om? ‘%ﬁc?gcoﬁg COnpRANGL Pp&rét @&S %ﬁr ch
ent r ai nmenta seNegké i v8sSRANS are provided in the upper- port | on of 35 the
second nt ai ner gbove the in.th C o)
second cdntZfner f% d?'gB%?g' ﬁe&lﬁﬁ'éulit%oﬁéd%%c&oﬁ%%oo? l\%ﬁ’ é"ﬁ%laguct's.
29  The appss a4 usobygohal nc28sspsekitdiont.he entrai nment separation neans is
a neans pr ded gt h | s 0. f
cl ai m 29. %\r? Whi c'#l% h%88§¥%f:'§5né§n§i?§mofé%fl%h%?§§1 teac@eoﬁpﬂ% ##étg
appar at us dag|aihbex2g@nah. cwhssksekdliontr ai nment separation neans is a

packed bed.o4l0  Sfno ABpaPARLE! U giastna'zectnf Wl R axibstaplial 1y as

descri bed w ure(s) e acconpanyl ng draw ngs.
The textO ofﬂi@%@e@iﬂﬁchrfréhdﬁaé—nb@ehonép'ﬂ@mh)ed by. phot ocopyi ng t he
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difficult to read original typescript ocntalning_these arrendrrents may
"be_ i nspect eBRUPRETpPRATsEE Shet AEcPade fOTMRINET to disperse the:

- warmed liguid medium downwards into the ducts is a
plurality of spray nozzles, said spray nozzles-belng
15 Jjuxtaposed in a common horlzontal.plane, so that the
initial hot gas stream first passes through the ducts,
then passes through the spray discharged by said spray
nozzles, so that a gross and.partial-cleansingrofﬁtﬁe
gas styean is effected, and then enters the first con~
20 * tainer. | .
26 The apnaratus of clalm 16 1n.wh1ch the means to
. remove the fully cooled gas stream from the upper part
of the first container includes an entrainment separa-
tion means disposed in the first container above the
25 bed of packing, a stack'extendiﬁg upwards from an open-—
' ing in the top of the first container, and an induced
draft fan, said fan being dlsposed in said stadk
ad;acent the. top of the first container.. |
27+~ The apparatus of claim 16 in which baffle means

30 are provided in the. second conta:.ner below the ducts y 8
so that the 1n1‘t:1al hot gas stream is un:.formly d:.s-

tr:r.buted into the ducts. S | ' .
58, The apparatus of claim 16 in which ent:ralnment '
_sepa_.ratlon means are provided in the upper portion of
35 the second container above the means in the upper part
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of the second contalner to dlsnerse warmed liguid medium

downwards into the ducts. _ | :
29. The apparatus of claim 28 in which the entrainment

separation means is a means provided with a plurality of

. baffles.

30.. The apparatus of claim 29. 1n'whlch the baffle

'means is of a chevron type. _ _
31. The apparatus of claim 28 in Which-the?entrainmam#

separation means is a packed bed.

_32‘ . An annaratus as claimed in claim 16, substantlally

as described with reference to any Figare(s) of the

~accompanying drawings.
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