Met hod and Apparatus for Regulating:Fluid Flows in Parallel-Connected
Conduits, e.g. in furnace installationsg,having air preheateré}gquﬁSFj%ﬁ#ﬁ\
conduits The present invention relates to a fret hod and apparatus for :
regulat+nag fluid flows in parallel-connected conduits, and also to an
installation having parallel-connected conduits provided with such

ppar atus. - I n one aspect, the present invention provides a nethod of
regulating fluid flow froma first conduit via a second conduit to a third
cqgggit wherein a fourth conduit extends between the (first) junction of

th irst and second conduits and the (second) junction of the second and
“third conduits, the nethod conprising sensing the fluid tenperature [err]
~and/or pressure [err] in the first conduit at or near to the first
junction, sensing the fluid tenperature [err] and/or pressure [err] in the
~third conduit at or near to the second junction, and providing power to

- fluid-propelling neans, operable to propel fluid through the second _
.conduit, in an amount which is related to the pressure difference [err]
“and/or the tenperature difference [err] whereby to regulate the flows of
fluid through the second and fourth conduits. - 2 - In another aspect,
"the present invention pr¥ethddsamhAppexiaats for BegadapimgsFhgdaFidwsst condui t
connected for fluid flow via a second conduit to a third conduit, and a
$ourth conduit whi gh RarpdlelsConnected Conduits, e.g. in furnace installations

_haﬁingﬁair‘preheaters and by—-pass conduits

The presenttinvention rel#tes to a method and apparatus for regulating
fluid floﬁs in.parallel-connectéd conduits, and also to an installation
having parallel-connected conduits provided with such apparatus.

‘In one aspect, the present, invention provides a methéd ofzregulating
fluid flow from a first conduit via a sécond conduit to a third éonduit
whefein a fourth conduit extén@s between the (first) junction of the
first and second conduits and the (éecond) junction of the second and
"third conduits, the method comprising seﬁsing.the fluid temperature T
and/or pressure Py in the first_conduit at or near to the first junction,

sensing the fluid temperature To and/or pressure Py in the third conduit

t’ at or near to the second junction, and providing ‘power to fluid-propelling
g  means, operable to propel fluid through the second conduit, in an amount

which is related to the pressure difference P1~P5 and/or the temperature
difference T1-T, whereby to regulate the flows of fluid through the

- second and fourth conduits.



bed ween the (first) junction of the first and second conduits and the 5 |
p¢ond) junction of the second and thjrd conduits, means for sensihg'the
per-ature [err] and/or pressure [err] of flukd in the first conduit at or
nar ‘to the first junction, nmeans for sensing the tenperature T2 and/or
pressure P2 of fluid in the third conduit at or near to the second _
junction, fluid propelling nmeans operabl e ho-propel fluid 10 t hrough the.s
second condujt, and neans operable to supply power to the fluid-propelling
means in an anount related to the. pressure difference P1-P2 and/or the \J
tenperature difference I1%lad@hercnepyct,0 thegptedantt ﬁﬁvéxﬂtw\s pef:vifdleglfh .
t hrough the 0 e ved from
or adged t o, ﬁf‘sﬁgi‘%%gf ORF‘[dlsqng a{u}%%thf?)lg{ it O%RLée/cc?gngf 05%'(’:!1[51 ::Hrg V& Heat
transfer | octe$and cppéyiss éﬁlﬂ/th’eqﬂ‘ect’mér atnér% fpgrtindpwduiprubdchrextP@ds n t he

seconﬂ condubdewesn Qhegcrﬁrse)nhgeﬁicﬂem eRapiedt faB@ Jl@@ﬁtlt Q?ﬁ&\flﬁ;%r #@Cﬁiéf on,
and the powej s ied to t ro in ns ulate the flow, o
f1uid th%ug{] ?“r?%%eé‘é?ﬁf%%r? uFlfe sgc?“ggg‘?gt‘ggbrdi %\‘{':‘égft ms@ns £ar fe@si?% h t he
t enper at ur e th¢ ftemprcetdi® T3 andl/or prrkesyprecBs wifefrhiflf &y ahe efifret rdonddite

power  suppl '&doksne‘l&eic?rtﬂblﬂé@gjﬁhéfﬁq i o2 Po@ymnﬁgqiaet hftf bezdel r%“d/ or &
P2-P3 is and/or are su stantla(ﬁ% zero. The er at 3’ nd/ or

pressure P4T3 pndfarsexesaere Peoffyfileid abstthlee'éhﬁfdo?mdtlh"e athemymeay rtanl’sleEr
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di fference £ipidipropelling means in an amount related to the pressure difference
P}~Py and/or the temperature difference T)-T2 whereby to regulate

Y

- the flows of fluid through the second and fourth conduits.

Prefefably, heat is removed from; or added to, the

15 fluid passing through the second conduit at a heat transfer location.

Preferably, the tempérgture T3 and/or pressure P3 in
the second conduit is or are sensed downstream of the heat-transfer
location, and the.power supplied to the propelling means to regulate
the flow of fluid through the second conduit is regulated in accor-

20 dance with the temperature difference T5-T3 and/or the pressure
difference Py-P3. |

The power supplied is preferably regulated to an amount

such that T9~T3 and/or Pp-P3 is and/or are substantially zero. -

The' temperature T4 and/or pressure P4 in the

£

second conduit ‘upstream of the heat transfer location may be
25 sensed, and the ©power supplied to the propelling means to
regulate the flow of fluid through the _second conduit regﬁlated

in accordance with the temperature difference T1-T4



and/ or préssure difference [err]. The power is preferably regulated to an A
amount " such that [err] and/or [err] is @nd/or are substantially zero. The ™~
said tenperatures and/or pressures are preferably sensed by sensors which
may be~S0 connected, e.g., in series-opposition, as to generate a signal
regul ating the supply of power to the fluid-propelling nmeans. In yet a
further aspect, the invention provides an installation conprising a first
condui t connagfddpi&dsuté Ltii(iféil'éhWe\/ﬁla-Pg. Ssatensbwed Nthlipkeferably egall areddts t ,
awavi ng a fourth conduit which extends between the (first) junction of
the-first and aswanduchnthatt 5, -aydaidfer (Be@gnib) apdifwt ave sobstdneiskyorerand-
.third conduits, and further conprising apparatus as herei nabove descri bed
“for regul ating fihei shifd| bemperatureh carid/ox tpreeenndsi arey prefareble septed bhidui t
to the third conduit. The installation preferably conprises heat transfer
" means for efsepequsnghichapay bgns epnaested, e &m ANUPEFLSASHPRGL 1o utfh tPhe
- second conduit. The heat transfer means mai be a-conbus%o alyr reF]I at er
for transfeBePPiptRcaS1BRMTERiating, SRl RF ROYRILEP & -g’r‘}l %’E" © gl%
equi pment whi ch consunes heated air (e.g. a furnace or engine). In one
gnbodi ment 8¥#%re i nvention, the installation conprises equi pment which

consunes heated 1ai reé e. g%rtgiggu%s?ggg) -*hgrﬂvg@%?iﬁﬁmge; ia'isin&%f‘ér%%ni s

connected to recéive exhaust g t he equi pnent, e third

®ondui t fOf’E%mﬁEﬁé&ana 2 FANRESIIi 2 NedrRefred 36K £1Q5d flow via a second conduit

| to a third conduit,-and having ﬁ fourth conduit which extends between

the (first) junction of tﬁe firét and second conduits and the_(second)
junction of the second aﬁd~thifd conduits, and further comprising apparatus
as heréiﬁabové described for regulating fluid flow from the first-conduit
via the second conduit to .the third conduit.

The installation prefergbly comprises heat transfer means for
effecting heat transfer. to or.from fluid passing'tﬁrough the second
conduit. The ﬁeat'gfﬁnsfer means may be a'combustion air preheater for
transferring heat from fluid in the second conduit to-air'passing to
equipment. which consumes heate& air (e.g. a furnace or engine).

In one embodiment of the invention, the installation comprises

equipment which consumes.heated air (e.g. a furnace), -and wherein the

o

.r-

first conduit is connected to receive flue gas or exhaust gas from the

o

equipment, the third conduit forms part of a connection to a stack (or
othe:-gas-diécharéé méans), the fourth condﬁit'is-# by-pass duct, and
the fluid-propelliﬁg_méans is an.induced-draft fan downstream of the air
_éréheater.

The inséallation may comprise at least one damper or other conduit-
obstructing.device operable for opening and at least partly closing the

fourth conduit.



?her gas di scharge neans)., the fourth conduit is a by-pass duct, and the
fluid-propelling neans is an I nduced- cﬂ'aft fan downstream of the air
preheater The installation may conprise at’ | east one danper or ot her
condui t- obstructing device operable for opening and at |east partly
closing the fourth conduit. The invention i s now described with

reference to aTherinventicat iz moexdewpkibddhei Hofreferdnue o beddi-giGidatdvd he s

acconpanyi ng. di agrammatic drawings.in which: Figure 1 depicts some features
of a furnaexsupistidieraef @ndiwithcrefiegemze tot thet hecampeeningodiagramshtEe gur e 2
shows one type of control . arrangement which can be used with the o/
i nst al | at i FFUPeEiig whichin Fig "1, flue gas froma furnace is conducted by

a first conduif,11 t second.conduit 12 which di scharges gas therefromto
a third condui %"Tﬂrecgrﬂ?i’é’&?'ésd spge a&éf'é‘?ﬂ? of -p, furpaceinata trticenip epeordeeemd
condui t 12_pag €5 ven eat tr%nsfer relationship wwth cool air in an air-

pr eheat er ﬁ% ere 68 transferred to the cool air. The cool alr

passes 10 e BEERRY Ghod Ok 6%uhir SRRALAS A00) NEed 2if 15

conducted fromt al r.- pr eheat urn

16. An |n@lg_q‘edhéirlaggaﬁa@lyofsﬁ%oeiabI e to cause flue gas to flow through
the-air preheater 14.

In Fig. 1, flue gas from a furnace is conducted by a first conduit
11 to a second conduit 12 wh1ch dlscharges-gas therefrom to a third
conduit 13 connected to a stack. The gas passing along the'second
conduit 12 passes in heat transfer relationship with cool air in an air-
preheater 41 whereby heat is transferred to the cool air. The cool air
passes to the preheater 14 from a cool—air condult 15 and heated air is
conducted from the a1r-preheater 14 to the furnace via a heated air
conduit 16. An induced draft fan 17 is operable to cause flue gas to
flow through the air preheater 14.

A fourth conduit 18 extends between the first and third conduits
11, 13 in parailel with.second conduit.lﬁ so as to provide a by-pass
around the air-preheater 14. One end of-the fourth conduit 18 is
connected to.the first-and second conduits 11, 12 at a first junction
19, and the other end of the fourthlconduit 18 is connected to the
second and third conduits 12, 13 at a second.junction-zo.

| Heretofore, it has_been the practice to nrovide a danper 21 of any

suitable type (e.g.-conprfsed of a number of-pivotable louvre eiements)
in .the fourth conduit 18, and during normal operatlon of the furnace,
the damper 21 has been malntalned tlghtly closed to ensure that substant1a11y —

all of the flue gas from the furnace passes via the second condult 12

 and air preheater 14 to the third conduit 13 so as to provide the maximum

&

-



A fourth c¢onduit 18 extends between the first and third conduits 11, 13 in
paral |l €l with second conduit 12 so as to provide a by- pass around the
air-preheater 14. One end of the fourth cogdU|t 18 is connected to the
first .and second conduits 11, 12 at a first “junction 19, and the other end
of _.the fourth conduit 18 is connected to the second and third conduits 12,
3,at a second junction 20. Heretofore, it has been the practice to prOV|de

a danper 21 Of,ARY Skided! rhdded @oItnE UM 586 PssdnBUlbae 2 eRENIAD! €
o\i\i re elenments) in the fourth conduit 18, and during nornmal operation of
t h

furnace, tératidapRip Xhdtanibrein hienk i NAG-hiegbét M 4CIEO6R the OcadSaE

- that substantially all of the flue gas fromthe furnace passes via the
second condui tonidiard.ai IThprmireade pf Ipkovddimgetiehid aupegoidiiist tdl 8ngereash4to

" provide the maxi mum amount of heat transfer to the cool air passing in
~heat exchangeif efbe i epesttionhefewheh fan iheshpeldrie hinttesruphed rim sere cool
air conduit 15. The purpose of providi.ng the danper 21 is to ensurge, t hat

i f the opet at Pskaptcalngnd/an °11?°§ﬂt‘}li?‘dfadé“"‘?'nf”ér§°ﬁp?‘@‘6 piregorR#egn, which
nmechani cal and/ or_.el e%rl cal sone 9t her Whl ch .has

the effect of P4 r{fafFoe ot c?cfklvhﬁé é?ﬁé’l gg"ﬁ‘b“fsm?rffu%smés tpgf Q’th B1 he
~ second condui Lhr]b%grttlﬂg Je%ﬂi"%%n&ﬁi’l 8] l; 'h bééxlr?;Q Lalgd s ?X%?ue X rLPSd ?%femer

21 to provide an alternative path for’t arge 0 S via

Yourth condui fpehSng ke damper 21 to provide!Bh Sa1PEFHMEivY 6t EBrh@S BDchRESN
entirely sati s?actory

of flue gas via the fourth conduit 18,

10 Thig prior pfacl-:ice has not been entirely satisfactory
for a numbef of reasons, the friﬁcipal reasons being the formation .of
deposits on the damper 21 and di.st'ortioﬁ thereof wﬁich cause

~difficulty in, or prevent, the Opening of the damper 21 in the event

of non-operation of the fan 17,

15 ' In the practice of the present invention, the damper 21
| may be removed or maintained at least partially open, or more
prefer#bly, fully open. The power supplied to the fan is regulated

to ensure that substantially all the flue gas produced .by the furnace
passes from the fir.st conduit 11 into the second conduit 12 to ensure

20 a maximum preheat of the cool air entering the air preheater 14 from

[

~ the cool air conduit 15. The amount of power supplied to the fan 17
'may be a function of the pressure difference and/or temperature
~difference between points in the second and third conduits at or near

to the junctions 19, 20 at each end of the fourth conduit 18.



a 'nunber of reasons, the princi pgl- reasons being the fornmation of s
gppsits on the danper 21 and distortion thereof which cause dIffICU|ty
or prevent, the opening of the danper 21 in the event. of

non- operatlon of the fan 17. 15 In the practlce of the
present inventigg, 106 d84MRE £l HBY J&Q 6@@%%&& r&h@&ﬁ' B8Rl £d §RST -
partially open, or nmore preferably, fully open. he power supplied to th&aw

fan i s reguAbech 8 RBUEE thalopaubeicanbf alnkeysal I17; heptédimreasengiggduced by

the furnace passes fromthe first conduit 11 into the second condurt 12 t
ensure 20 dewc i iningtelirdt tofsehbe theopredisure RethenGuidtdoni 19, parheaat er &1{
~fromthe cool air conduit 15. The anmount of power supplied to the fan 17
may be a fsiwilanpressurieesersing deyide [ eierinetatidioto Eenpethe presaudfd ekence
bet ween points in the second and thlr& conduits at or near to the junctions
19, 20 at thechtherdjwictine FuurThe poesfwre diFferencen®yTPyhis g Eunntien oft each

end of the fourth conduit 18 are_to he enployed to_regul ate the operation

of the fanthe7 amepns: ek £3pcpassing thraesh GEe [fQPth jcondyiLs 184 @9d 1% sdghrle t he

- t t h t 9 d a P i

Phetall oo TePreamsstiTe o8 teBar I 4-Y 600 PR TRE FO R SHrobTeE SPE R ur e
diff t f t th

O o encefmbed Rogh 064 iy e PR BEBABSFLN, WA, e

'errpl oyed tﬂeachgnfgrokoﬁﬁ%l?%'i:hé p%wer supply to the fan 17 as a function of

Pl P2 will be known to those skilled in the art. When the fan 17 is
' operating ﬁOrmally, the desired flow of gas thfough'the fourth conduit

18 will be zero, and for this operating. condition P, - :O. It will be

1 2
appreciated that regulation of gas floW'may alternatlvely be achieved by -
sensing the temperatufes at the -junctions 19 and 20 and regulating the
power supplied to the fan 17 in accordance with the deviation of the
difference in temperatures from a desired value. This lafter'apprdach
is less preferred for cbntrolling the power supply to the fan 17 because

- the temperature'at.the junction 19 will depend‘on the furnace's heat
output while the_temperature at tﬁe junction 20 will be virtually inde~
pendent of the fﬁrnacé.loadiﬁg whéﬁ no fiue gés passes throuéh the
fourth conéuit.l%. Névertheless, it is possible, albeit more complicated,
to regulate the power supplied to the fan_17-in accordance with the
deviation of the temperature difference between the juhgtion'19 and the
junction 20 from a desired value for the furnacé firing réfe. Morebver,

' a combination of pressure differences and temperature'differencés'mAy be

employed in an analogous manner for the same purpose.



supplied to the fan 17 until P -P attains a desired value. Various 1 2

- nmeans for controlling the power supply to the fan 17 as a function of P -P
wi'I'l be~known to those skilled in the art. Wien the fan 17 is operating
normatiy, the desired flow of gas through the fourth conduit 18 will be

zero, and for tihe wseepfitd sjgmdntenresentative of B,~P)| (and/pr ts@pgrature
ppreciated that regulation of gas flow ray alternatively be achieved b

s&nsi ng t he diffarences)r e contrdle theMewen FYPRLY &Adtheo famd7r BHUPIE ity cPPRIctely

p r supplied to the fan 17 in accordance w th.the deyviation.of the

: Icli eren]cc:e isatisfeptom fPe ScFvtRteaBafeiivR goptrqlein .sPﬁFslqsé?Jt]éFI%‘bspr-oach i s

"> less preferred.for controlling.the poper supply.tqQ the f 7 t he
;[I\’te1_rr})era':1 ur e PAFEASH aflt}'n(’:%i% i%‘\flfﬁd%dggéﬁ gﬁo‘%/ﬁ% kit nsénggfsijnhgg‘?%gg?%lut

" while the tenperat af the,q ' ' €W : | ndea; nt of
. the furnace gﬁggu&?ngé&é : nl?)l F)}%%ﬁ&g&é@%pﬁ%g& t e?oﬁié)lh%t&ﬁ? %ﬁ ?heitgggﬁ?ltq 18.

- Neverthel esgavidtibi m' S HeSirdd Pgide GPIE -0 i i9d1ledtOé@thaiire t he
power suppl i ed t(%'the ?an 1e7ni:n ‘accordande i th ts'ﬂi'e1 de?/i ation of the

. tenper at ur e gdefdrahear cbELIEER dolie indBaided) dfhsanthdebirdblpclargs gt flom a

~desired value for the furnace firing rate. Mreover, a combination of

" pressure di finetiaNE66rtiNdoiduiperaat Mdredadduraea cpatrrly iy benpiitpeed by an

. anal ogous i nanner for the same purpose. 7 :

N monitoring the pressure and/or temperature of gas in each conduit at or
near to the junctions 19 and 20. In the following description, temperatures
are employed for gas flow control. However, it'wiilﬂbe appreciated that
pressures may be employed in a similar manner, or a combination of
temperatures and pressures, although it will be preferred to use temper—
_atures for gas flow control since the pressuré differences from which
the gas flow control éignals ere derived in this illustrative embodiment
of the invention may be so small that they may be of the same order, or

~smaller, than the accuracy of tﬁe pressure sensors presently gvailable.
However, for other applications of the invention, it may be preferred to
monitor pressures for gas flow control, e.g. where fluids flow through
conduits without any substantial temperature change.

In Figure 1, the.température.Tl in the first conduit 11 is monitored

'-,'\_',"

by a‘suitabig sensor T1 at or near to the junction 19 and the temperature

T2 in the third conduit 13 is monitored by.a sensor T2. .The temperature

€

' Tsnin the .second. conduit 12 at ot mear to junction 20 is monitored by
sensor T3 and the temperature '1‘4 in the second conduit 12 at or near to
_ junction 19 is monitored by sensor T,- The temperature drop across the

length of the conduit 12 is thus TA*T3.



use of a signal representative of B1-P2 (and/or tenperature

ferences) to control the power supply to the fan 17 may not be

rrpL-e/t ely satisfactory for accurate gas-flow control in sone .
installations, particularly if the resistance to gas flowis very smalt in
the fourth conduit 18 (e.g. in the absence of a danper 21) since even a
very smal| deviatiom froma desired value of - [err] (or equival ent
tenperature differences) could, in sone instances, cause undesirably |arge
gas flows in the fourth conduit 18. Mre accurate control nay be achi eved
by nonitoring trhe qnn@awmeadicf/fefeﬂcen:prz’r?twa Oinc@d6n idf eRE ret@ridi t at o
near to the junctions 19 and 20. In t ‘ol | owm ng description, tenperatures
are enpl oy&towsopf gas thiwwgborter oir pirichemter,14 andvithe fimrahpronduft 448.t hat
pressures may be enployed in a simlar manner, or a conbination of

t enper at ur ¥BemAd-Py EsQumes gasilishprging ithnpygh bhe fouf th couduic 18 Erbmnther -
atures for gas flow,contrqQl since the pressure differences fromwhich the

gas flow cSHiforomduitalls @re- ®orgdmkdsinpseing via| thet fonnthecandnbtlilPefitomf t he
i nvention be so spal | that, they n be, of the sanme order, or smaller,"
than the agﬁ%ﬁ?ﬂﬁt’tﬂn 'ﬁemng%§ﬁF‘ét1§8%r’sa’p’3'€§§theaﬁféiF%Pblbé.Parﬁ&B%er, for
ot her applications\of the invention, it nmay be preferred to nonitor

pressur-es for gas fNow control, e.g. where fluids flow through conduits
Wi t hout any-substantNal tenperature change. In Figure 1, the tenperature T &

¥

in the first conduit is nmonitored by a suitable sensor T at or near to
the junction 19 and the\tenperature [err] in the third conduit 13 is
nonitored by a sensor T The tenperature [err] in the second conduit 12

at or near to-junction 20\is moni tored by sensor [err] and the tenperature
[err] in the second conduN 12 at or near to -




junctioh 19 is nonitored by sensor [erry. The tenperature drop across t@
| ength- of the conduit 12 is thus [err].”, 8 The tenperature difference \X_~**
[ery] is-a function of the relative flows of gas through the air preheater
.14 and the fourth conduit 18. Wen [err] = 0, no gas is passing through the
fourth conduit 18 fromthe first conduit 11 (i.e. no gas is passing via the

f'Ql;l__ft h conduit 18 fromthe junction 19 to_ the junction 20), although sone
ga% nmay be FHEREHgthe fpyrihy,gonduit I drem TBErRHHLEE O Fhooeesnd GERIEE L7 the

second conduit, 12 at junction 2Q to the inlet at junciion 19.. This latt

e s et B BB, 2o SBF Apleh i dmasiar 108 AP crastes wde 1 Sgkfcarole
will be zerq._excepi. ' i r he | | t

inct fon- 1057 HeaERi Es SR5pdrhcRE RipohBE 08, | VREM GRT b Bedd Rrcenr
~of [err] an § Qﬁ;p'!g" . : e I s e unt
= of power sug’B{u?e%Lt%r ? ﬁe ang%%'%ggésgtﬁgﬁ?g d%@@e?ﬁgﬂﬁl\%%ﬂaghﬁ%\% _FlgétTgs
Cin the secopgdur@nddtiduit 28 N0THRULE N igRAMN Iirbprdd entdtitl SO TO-ELRKE O, -The
“direction of gas flow. Figure 2 shows how four tenperaturé saensorsl-(é.g.

t her nocoupl @ge Gliival,C enéc et (bel empslivyed D hedGlataithecambuht esfepoRer [err] and
ferr] so that a single output signal can be derived to regulate the power
supply supplied to the fan 17 to obtain desired relative gas flow rates in the

@ second conduit 12 and fourth conduit 18 and also to control the direction
of gas flow. Figure 2 shows.hOW'four'temperature'sensorsyte.g. thermocouples
can be connected to sum the température differences.Tl-T4 and T2-T5 so
that a single output signal can be derived to regulate the power éupply

to the fan 17. The temperature sensors are arranged in series opposition
in the-sequenég:_Il,T4,T3;T2_so that T3-T, and Ty-T, are summed in.the
correct sense to modulate T;~Tj which'ié.repfesénfative of the temperature
drop across the preheater 14. The sensors are non-grounded, as depicted.
The sum of_(11-$4)-(T2-T5) produces.a signal which is converted to an
analogous voltage by.transdqcer 22. The analogoﬁs voltage is relayed to

a temperature indicator'and.controller'23 which generates a signal in

line 24 t; regulaté the power supplied to the fan 17.

For improved accuraey-of.temperature monitoring, each sensor may,

- e
-

e in'practice, be replaced By an array of sensors in the gas stream so

connected that the indicated sensed.temperaturé is more or less the

te

" average of the temperatures sensed by the array.
If it is desired that all the flue gas ‘should pass through the

ﬁreheater 14, the signal received by the controller 23 should be analogous



o the fan 17. The tenperature senggrs are arranged in seriges opposition
e sequence: [err] so that [err] and [err] are sumted in the corrett
sense .to nodul ate [err] which is representative of the t enperature drop
aer'oss the preheater 14. The sensors are non-grounded, as depicted. The sum
of. [err] produces a signal which is converted to an anal ogous voltage by _
transducer 22. The anal ogous voltage is relayed to a tenperature indicator g

and cont r of4d & z&rd M\gf&fi PENRYVEE &Y BhS itgRRMddulcBr lzzne P4 thord SPULAL 8em%1wwerv

supplied to the fa For inproved accuracy of tenperature nonitoring,

each sensofrdiby, zdrB #igAel] QBe Ehtr8PIACEY daviePdted sapPfopi@REO s ghdl the ghe/
stream so connected that the indicated sensed tenperature is nore or |ess

the aver agehangetthe pararcs@ipliesd toctihedahyl? te éllibdyatel thé idevSatiesal red t hat
all..the flue gas should pass through the preheater 14, the signal received
by the contr ol fmrthgJotheshahdheifmapagdied flowldf (gasattwgngh doghather ecei ved by
the transducer 22. If there is any deviation froma zero signal, the

cont rol | erprEheatarelitand Eonrsppeandninitld i mulx%,cmdgéemeédxuemsuppl i ed
to the fan 17 to, elimnate the deviation. On_the other hand,. if afartlal
f1 ow of ga¥PPTAPBHAGR ffﬁfta%rﬁe"p%%eét@w &@t&ﬁalerroa?t ttheofkemel negeived by |

requi red, as de#ermé)gd by an $£ro set?g)m n va u of the,controller
23, the siHRIFOHEEFY SHBFPRF "Fe 0 getr PO3nLy || pe
ccnnoared VWJfﬁetégaggsgrégglilpower regulatlng signal to control the operation of i
the fan_l?:so that the desired partial flow_takes place.
As stated above, the invention may be practiced employing pressure
sensors in place df, and also in combination with,.the temperature

sensors particularly'descfibed with' reference to Figures 1 and 2.



‘Valug' to*generate a power regulating signal to control the operation of thg
fan 17°so that the desired partial flowmtakes place. As stated-above, the
i nventi on-may be practiced enploying pressure sensors in place of, and al s&
i n*cofibi-nation with, the tenperature sensors particularly described with
reference to Figures 1 and 2. Clainms 1. A nmethod of regulating fluid
%%pM/fronla first conduit via a second conduit to a third conduit wherein a
urth cond@ipimext ends between the (first) junction of the first and second

conduits and the (second) junction of the second and third conduits, the
method Conpr,i Sid eSS b8 krdghitatiingi Fluli8NARKWE ML Birsl AMLPF REESSEESd €7 M']

~in the first conduit at or near to the first junction, sensing the fluid
‘tenmperature T2 copddiy tpr£IBFE BRIt Fikeretihi 4 FotPdbhdidle &ftel8abeltReddne
.second junction, and providing power to fluid-propelling means, operable to’

. propel fluid ththeu@firshy Rmctive ofruhei £irsitnami sactdntonduied d4nd td ated to

* the pressure difference [err] and/or the tenperature difference [err]
wher eby to regulsacend)hjuidting aff th¢ giecord pod gihrirdacogdeinsd tired méthedt h
conduits. 2. A nethod as in claim1l in which heat is renoved from or

:.added to, the f9oBPELSIAGSIINGIng thagHuid Legperatare chidanpd/on Pressene Fur dmsf er

. location. 3. A.nethod as jn claim2 conprjsing sensing the tenperature T3

the first conduit at or near to the flgst junction, sensing the

- SR
) .

fluid-iempera;ure.Tz and/or pressure P; in the third conduit at or
near to the second junction, and providing power to fluid-propelling
means, operable to prbpel fluid through the second conduit, in an
amount which is related to the pressure difference P1-P, and/or the
temperature differeﬁce T1-To whereby to regulate the flows of fluid
throughlthe second and fourth conduits.

© 2. A method as in claim } in;which heat is removed from, pr'added to,
the fluid.passing thfough the second conduit at a heat-~transfer
location.

3. A method as in claim 2 comprising sensing the temperature T

andlor.pressure P3 in the second conduit dbwnstreém of the heat-
,transfer location, and regulating-thé power supplied to the propelling

means to regulate the flow of fluid through the second conduit in

e

accordance with the temperature difference T,-T; and/or the pressure

difference Py-P3.

L tw

4., A method as in claim 3 in which the power supplied is regulated to
an amount such that Ty~T3 and/or Po~P3 is and/or are substantially

zero.

[
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or pressure P3 in the second conduit downstream of the heat- transfer
At i on, and regul ating the power suppl i ed to the propelling npans to
gu| ate the flow.of fluid through the second conduit in accordance <with
the genperature difference [err] and/or thg pressure difference [err]." 4.
A nethod as in claim3 in which the power supplied is regulated to an
arount such that [err] and/or [err] is and/or are substantially zero.
-12- 5. A method as in any one of clains 2 to 4 conprising sensing
‘the tenperature T4 or pregssure PA mathée seciondingordei of upbaimsah ¢ f#he
heat transfer |ocation, and regul ating the power supplied to the propelli hg/ :
means to reqemprésitg: gengingftiq femperatyne g&gﬂ" tATessweobrd 1@othrupeceH
accordance with the tenperature_ difference .and/or. pressur e di fference

] [err
[err]. 6. conduit upstredgm pf Fhe beaf frensfennleqfting. paRE BRI PEHE &£8d (o
an amount such that [err] and/or [ercl 1S or are_ su apd | 410
> ATRETOR BET Ry coners it hefls B BRI g £2ERa1O0
t enper at yr e 3RUERT eRE CISHRS WruiBNIRU aBYoSENRQ Sl theakBmpORRAGLEd 1N
such a manner as"to generate a signal regulating the supply of power to the
fluid-pr Opeldiifﬁgré’ﬁ%enﬁ—n, and/or pressure difference P;-Py.

—

;

6. A method as in claim 5 in which the power is
regulated to an amount such that T}-T4 and/or P}-P4 is or are

substantially zero.

10 7. A method as in any one of claims 1 to 6 in
which the said temperatures and/or pressures are sensed by sensors
which are connected in such a manner as to generate a signal

regulating the supply of power to the fluid_—pfopelling means.,

8. A method of regulating fluid flow substan—

15 tially as hereinbefore described.

9. + A method as in claim 8 substantially as

described with reference to the diagrams..

L




8. - 'Anethod of regulating fluid flow substan- 15 tially as

her ei nbef ore descri bed. 9. -~ A netkod as.in claim8 substantially as
described-with reference to the diagrans.. - 13 - io. An

i nst at+at'i on conprising a first conduit comnktted for fluid flowvia a
second conduit to a third conduit, and a fourth conduit which extends
?grmeen-the (first) junction of the first and second conduits and the

(Becond) junction of the s cond ang éﬂ& rd, co neans,for i ng

tihe tenperature [err] and/ - pressfPel?s ?36?°? BIP#FTQK? iFet 0% ﬁﬂﬁlt
t t [ h

an/(r)rngﬁtrassﬁrce Fe‘{tre?séﬁg ??ﬁltdlj I'n :[g%ags JC%r congumtJ tétae('):%ﬁr?;grg{ly{ﬁ’h[a%r]

second junctiqn.gofilth Ao HaQRE! b 11 @E@E‘édé)m’ert%bL{% fH: PEORE) j‘JnUEant BE ugh
the second conduit, and neans 10 operable to supply power to

f1uid-propel | IﬂiQsﬂEQﬂSsechmﬁl’toﬁmltBtatfdeEﬁé &€deddnd) NPunRE B&S YE andi 3&@61&1\@%
[err] and/or the tenperature difference [err] whereby to regulate the flows -

of fluid througliriheosibdas] sedhd dor tdengingdthd semferature T) Amd/ostpakatrieon .
as in claim10 conprising 15 heat transfer neans for effecting heat
Jransfer to ofif pénfivid dnpabe figsthroudHit 88 gecerad torbe| first 2junction, An

installation as in claim11l in which the o
means for sensing the temperature Ty and/or pressure Py of fluid in

¢ the.third conduit at or near to the second junction, fluid propelling
means operable to propel fluid through the ;eCOnd'conduit,,and means
10 Operablé to supply power to the fluid-propelling means in an aﬁount
related to the pressure difference P}-P; and/or the temperature

difference T1-T2 whereby to regulate the flows of fluid through the

second and fourth conduits.

11, An installation as in claim 10 comprising
15 - heat transfer means for effecting heat transfer to or from fluid

passing through the second conduit,

12, An installation as in claim 11 in which the
heat transfer means is an air preheater for transferring heat from
fluid in the second conduit to air passing to a furnace or other

20 heated-air-~counsuming equipment.

T L1



Jtransfer nmeans is an air preheater for transferring heat, fromfluid.in
he second conduit to air passing to a.furnace or other 20 .
heated~a|r-consun1ng equi pnent . -14- 13. - An installation as«in any
one o6f c¢laims 10 to 12 conprising a furnace (or other heated-air-consuring
equi pnent) and wherein the first conduit 4 g4connected to receive flue gas  _
fromthe furnace (or equipnent), the third conduit forns part of a 3J7
conection to 5 a stack, the fourth conduit is a by-pass duct, and the
propel ling means is an induced-draft fan downstream of the air preheater.
14. An installatiok3as in nyiumtellitick msmin EOytanelst cdnprs 30y at =’
| east one da er or, conduit-obstructing device operable for opening and at
least partlylZrcemprigishe femace (o8 Rfber hephed-air-consuming equippgnt) ‘and Ap
|nstallat|on SUbstantI%%th as herei,n described. 16 An installation

8|

as in clai m¥eeedsstint coudupts i parpeiFeh tPereseiin £110 g2 et ¥ratitans.

furnace (or equipment), the third conduit forms part of a conection to’

5 a stack,; the fourth conduit is a by-pass duct, and the propelling

o, Y

means - is an induced-draft fam downstream of the air preheater.

14, An installation as in any one of claims 10 to
13 comprising at least one damper or conduit-obstructing device

operable for opening and at least partly closing the fourth conduit.

10 15. ‘An installation substantially as herein -

described,

16. An installation as in claim 15 substantially

as described with reference to the diagrams.
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