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Device for reducing fouling in a tubul ar heat

exchanger The present invention relates to a novel
device for reducing the fouling of tubes in which a
fluid 5 flows, particularly tubes of a heat

exchanger, of the type conprising a rotating

tur bul ence-generating elenent, and used in industry,

t Revpeer fbgumeducipgt fovhéngcan Bndubudpri heat exchanger
particul ar. For sone 20 years, devices have been

known, 10 installed so as to rotate freely inside

t ubes ofehetesVxehanyersioforr ¢ hetpur pose? ofiovel device
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theregéﬁcause f|OMIObStFUCtI0nS 20 which are
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gepenahky iheliya.shapedndixedat g theuwpsteeamend of coke
30 . the tube so as to rotate freely therein under the
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inside surface of the tube, possibly leading to damage
to its metal structure and thereby causing leaks of
products.

Such devices are described for example in
applications EP 0 174 254, EP 0 233 092, FR 2 637 659,
EP 0 282 406, EP 0 369 851 and EP 1 227 292 filed by
the Applicant. They have in common a mobile element,
generally helix shaped, fixed to the upstream end of
the tube so as to rotate freely therein under the
action of the fluid flow. In the devices described in
the abovementioned documents, the dimensions of the
mobile element and of the interior of the tube are such
that the mobile element does not scrape the inside wall
of the tube continuously, in order to avoid any harmful
effects on the service life of the tube and/or of the
mobile element. The effect of reducing the fouling of

the tubes 1s mainly due to the increase in the
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nobil e el ement. The effect of reducing the fouling of

the tubes is mainly due to the increase in the - 2

turbul ence of the fluid, which prevents the formation

of hot spots and the formation of deposits, thanks to

a thermal honogenization effect, and also to a high
shear effect close to the-wa |5 which serves to

detach 5 deposits that are weakly attached to said
walirbullgnggpldfcathen fER1Q, 36821851, prheenbplﬁéehtformation

furt her <desqr ikes @ dmobi e el eet &ompyisd ) ngthéﬂ[‘k@'%o a
its cross. sectigns, at |east one sharp edge shaped

speerfréal o 9§85 148 HH6Ts Crape trhéIhsid® st fadet @t shear

t be fube. c1@s$het@nl yhyul perapl ewipoint oérvbe ptdordetach
art device is their ste

d
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t@%S@?{bQE %omE%%lequﬁaﬁﬁﬂ%§£§%§yl§l ttgﬁ alf‘ffgncross

t he nmobile el enen eral nmeters
| 68gLiang  witchleast oraredhase t RIe| wihdreds greerbl¢ally

sewekal %ceeeepefthbWE%Slaeeehe&aeed keavikerybhan the
trunnion, t ereﬁﬁiexertlng t herean a conS|derabIe

t ensi | ¢ FoPBdY THil&Srahdi 0oy &F, eI Vit h %‘F@hces
speedshefrr aizaticonof absttm?20 H0Q, t(:D[lOZ’_QQOpIT:%\thEﬂLIanSthe

m_nut e, .expose the fastening systemt
R R R e e
fésxedlmwﬁgmmenseuee@gtééayﬁaeﬂ&ﬁlmmryhﬁedEVlce to the

e’&%@%gg%s e%V%fa”ch%VeJ e senyieed i fig fmc?&ﬂ’@eé‘léﬁent
25 and 36 nonth obvi ousl'y desirable t
| ¥hgthemathilse p%?‘f%@}l b%%%@l%% LRIy eﬁpécé"rli@rﬁh ofS tieiseted

3%§teﬁ§e dermnds tike gpeairagl of éé&éﬁ@ﬁtsﬁ%ﬁﬂﬁﬁgéf, times

possi requiring a conplete shutdown of
REEarrk PO T T O o S S R ORARY caF Pyt ing
i noereong expensesier3dlandtankads oforoeone Taithetensile
opgrator. céﬁ%ﬁqgQPHk-%chQ%% Cgﬁ?%ﬂ¥%9£'¥o% de0hakan apout
researéh etter andi ng and ~at’
o@@@ggﬁxng AHed revolutions per minute, exposes the
fastening system to high friction, causing rapid wear
of the moving parts.

The fastening systems used today in refinery heat
exchangers have an average service life of between 12
and 36 months. It is obviously desirable to lengthen
this period, because the replacement of these systems
demands the opening of the heat exchanger, possibly
requiring a complete shutdown of the installation in
which it operates, and automatically incurring expenses
and a loss of income to the operator.

The Applicant has consequently undertaken research
almed at better understanding and at overcoming the
problems of wear of the metal parts forming the known
systems for attaching rotating mobile elements in tubes
conveying a fluid. These researches have demonstrated
that the wear effects were observed most strongly at
the trunnion, and in particular at the locations where

said trunnion was in friction contact with sharp edges
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probl ens of wear of the nmetal parts form ng the known
systens for attaching rotating nobile elenents in

tubes 35 conveying a fluid. These researches have
denonstrated that the wear effects were observed nost
strongly at the trunnion, and in particular at the

| ocations where said trunmianh-was in friction contact
with sharp edges - 3 of the bearing or of a friction
wasghethe ofdtdagniald y orpreSem . frHict lwear wpebeirl e ¢tionally

apteishuted to,fhe,bact o i1ah d hes rTQ’@tkfbﬁlc@aE% w@ Chact
IS rotatedé%%%the flui and which generally h
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diameteiiof tReedruhey dhssodgesoutBeder Ut Ofthiats is

' t d f. t .t tate |
SIS IEFoR g Lo PRI AS TSN e diSo TRma  THrges
t ieef |trr$11nntL@mn fr@lm ticrensixofs tdfe teld td car earad stomoed, it to
despiie the f%% 1¢ Eg%éh@%n ?‘é“t‘;@ ﬁxma' ler outside

di-ameter than t e I NS anet e e tube, which
shoul dThen AgirliiwEng] ehapr event Wnd rikeat ofhagdiinstt turn

the twhe et . thdheApgl thaiwr%%e 6@%&%@ Qhe fact

redu0|n€ the friction and._wear describ above as. nuch

as"possHBrE, Dok i A oPBerles s‘?%@ﬁ%ﬁi%aﬁtﬁaﬁlqt@ﬁgt hepn the

t hasservi cgi dnid e of otEhe ﬁr&st eniubg, sy stieneh beahong d, he in
r1n%1% enenEsvoag a rl ganln% g%%g%e heThIEe wall.

pﬁrpose mﬁé aEhieved By f s?enlﬁg syst

conpri §és arppexidhe ddmmredtcare €onneedi gt heducing the

{ EYRI0BROf (N, 1B Ji@s&%?&“ aEQvéh%sz%u%:%neral b¥ssiple,

i cal portlon extendi n E t ube an
répapédieéy fiheS 90 T 10t ¥ THELS feet toe (e PHrogsehife of

lﬂ%@ntfégtéﬁhﬁ@e%9ﬁﬁéﬁ5 tie pF OV dena devhCee f @lements of
foul.ing I n.a tube thro%gb which a flujid

duci n
pkESHE Lo otratt hd iEetr Sitg AUTRSIdlS iieved by a
t febikence- generat i ng aed enemprlsasdeﬁefﬂeelbaenpfmmmémtor

cg?lpllecetlﬁg.t acr%ﬁ elc? % ﬁm%fﬁ jﬁ qno%eiei“ ne?le &rl{ﬂ NS the
el"ement itabl e el'ng ‘so Iy connec to the
upshesamlendieolfi adie pgbél@@h@%&@t@ﬂ@@eoﬁlwq hagrt of the

tube and rotated by the fluid flow.

The object of the present invention is therefore
to provide a device for reducing fouling in a tube
through which a fluid passes, of the type comprising at
least one turbulence-generating element, said device
comprising a mobile rotary element and a fixed bearing-
forming element, suitable for being solidly connected
to the upstream end of the tube, characterized in that:

- the mobile element connected to the fixed
element comprises an upstream trunnion-forming part and
a downstream turbulence-generating part, shaped so as
to be rotated by the fluid flowing in the tube, and in
that,

- the upstream and downstream parts are connected
to one another by an elongate flexible connector
deformable along its whole length.

In the context of the present invention, “flexible”

connector generally means a connector “which can be
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the nobile el ement connected to the fixed 30 el enent
conprises an upstreamtrunnion-formng part and a

downst ream t ur bul ence- generating part, shaped so as

to be rotated by the fluid flowng in the tube, and in
that, the upstream and downstream parts are connected

35 to one anot her by an el ondate fl exi bl e connector
defornabl e along its whole length. In the context of

t bengr esemd i nvesliévh, "ehexlibl e" witbonéct obperarra |y or

NBaRe rad c¢aRABGEOr chh'J?éT &0 by - Pétﬂée%b%&‘% fe:ﬁfrfg 2000
easi|ly w thout breaklng or deteriorating”

NEGEaGPet | RaROBSI T, lﬁhnenfﬁ@GngEdlt?éﬁftHQV|ngb??@@ble'
nmeakikagl'eel asti c, bendable wor kabl e". 5 A further

subject of the invention is exchanger .
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Vi [ d a ea o -
% sal tubéﬁggﬁ%QThe géégggﬂ%gﬁneg%or%gngEZ% ﬂgullng

t FeAdicéRJandevite Hel | Eakegar’to r hat edopyrefe fetru:i dof at

Dﬁ%ﬁbksoﬁec%&téb@d tgg@gupllng of these two parts.
VWi | e t ey obviously rota al ways at the sane spee

as oneafot hetxiiHe Qﬁ@§@6&6|ngb?5 %%ntﬁéFatﬁéUHQPPBaland
palhb pre@\icaus oy rIb rexertdeed on e ﬂ]oymtps@amwob o&ertaln
he trunnlonﬂls gﬂpstantlallg £educ 1_beg:use
F' e

| S
now d3nped By e “twhol e 1en of the conneé?%rObYlouSly
th@tﬁtemIﬁkwammnHECﬁ@Kefa&m@nSpgegysﬁenenaC@mmmhﬂ;J(ﬁhe

t@%sﬁ%ﬁ% hbonforE%e Q@ﬂﬁ:Oft ﬁ””ﬂéﬂ'é%ﬁ.d%§£f begrgwlously

he trunnion is 20 consequently reduced to
Wﬁﬁﬁﬁﬁﬁg oPnlst@@endoﬂﬁﬁéiﬁémen?ndan@fth%h@ru%ﬁm%%lon is

f@h@%@%n%lm&ll@ntﬂe@iddéd paadd ele toct he g@@/”@iaﬁdpﬁéda%ys the
the t The f g bIe connector used in the

pW@Qéﬁt ljteﬁ\%ﬁtl@ e FHEEFTOm any that erfal flexible

provindedotrhdatastening systems according to the invention,
the cone of revolution described by the trunnion 1is
consequently reduced to the minimum, or 1is even
nonexistent, and the trunnion rotates substantially
parallel to the geometric axis of the tube.

The flexible connector used in the ©present
invention may be made from any material provided that
it has sufficient chemical resistance and mechanical
strength 1n the operating conditions of the device.
The flexible connector is preferably made from metal,
preferably steel, and from stainless steel in
particular, or from plastic, carbon fibers, synthetic
fibers, from elastomer, or from a composite material
comprising a combination of a plurality of these
materials.

The flexible connector may, for example, be a
cable formed of braided or twisted strands, a chain
formed of interlacing rings, or even a ringed tube
formed of a succession of rings hinged to one another.

When the flexible coupling is of the braided or

twisted cable type, it preferably comprises a number of
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25 it has sufficient chem cal resistance and

nmechani cal strength in the operating conditions of the
device. The flexible connector is preferably nmade
fromnetal, preferably steel, and from stainless

steel in particular, or fromplastic, carbon fibers,
synthetic 30 fibers, fromel dgtoner, or froma

conposite material conprising a conbination of a
ptirahnidsy cof haleseen mat émnical 500 Thedf baxiflslrebd gniesdtwsren 1
may,q E@r exanple, be a cable formed of braided or
tmrsted strands, a chain 35 forned of interlacin ,

ri ngs, F6F é%eﬁoglﬂﬁngeﬁﬂ%ﬂﬁe fOr st oS alQecessi bhepible
r icegslebrt@gedst e anot hetvindhenithethl exi Ble@ween 1 cm

CoMR1 20,15, SLaANS, MALIG O LSLST, AL 1708, 11 e

bQHWﬂeMeI amb oD lamdbpretenaldl yarbet Weenml arahdobOferably
ForLia.ambil e al enppt 10 neters long, a flexible

connector is preferred having a | ength of between 1 cm

5 and 52éf A&RaGxpPeéfer abcséeerd 2 dniked creeliyeen the

duerrefser_»eeﬁwn@ ber befréfveeﬂugn%@l AQammand preferaklng or
bet ween 4 and 8 M Said flexible connector is fixed

bétRedr? tHed dBRhst r ea%lil%n&OBPefJﬁéopr drthi bReaRd ttWr‘Pe parts
upsthr eamrentk ddy 46chheqres akedwpaper Fhe comestdmgle by
t%eﬁ ese two parts can b%xﬂﬁgng t%phnlgues no

géxarcr‘p p%yg merding, crﬁ%blng of 'Stre ng
ebendbygadhe3|ve bondi ng. The rotated part nay, in

princi ple, P@¥ﬁt@ y ﬁéétapragg;rm f,e Bﬁﬂ'ﬁ%ﬁéca' hshape,ny

enabl i ng the ows t roug t ube
réPQﬁ@pﬂﬂaé@o@ﬁﬂﬂﬂ?@ﬁé%@%ﬁSh%ﬁﬁdeﬂ@EelnqhéhﬁD§ﬂﬂld that

e&ﬁb%be&%ﬁﬂﬁgﬁft@ée@hbegt6awdﬂéﬁetﬂfbub@ﬁﬁeth@fax1s of
m ni ressure dro % the helix, which is,

ACEOPdI TSy uSBRE | oRbaPy LARE Ge v EBe  of T B (rsimum
descbubedcen fhe imitrioduct berssand dr@bso is the helix,

which 1s accordingly used in nearly all devices of the

d%#51ve

type described 1n the introduction, and 1is also
preferred for the present invention.

This helix must have an outside diameter smaller
than the inside diameter of the tube to avoid
continuously scraping the inside wall thereof. The
outside diameter of the helix must nevertheless be
sufficiently close to the inside diameter of the tube
to create, 1in addition to the turbulence, sufficient
shear forces <close to the tube surface, to detach
deposits or particles weakly fixed to the wall.
Satisfactory turbulence and shear effects are dgenerally
obtained for systems in which the ratio of the outside
diameter of the helix to the inside diameter of the
tube is between 0.5 and 0.9, and preferably between 0.6
and 0.8,

Ratios lying between the above ranges have proved
to be sufficiently low to prevent any friction contact
between the tube and the helix along nearly the whole
length thereof, with the exception of the location of
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preferred for the present invention. This helix nust

have an outside dianmeter snmaller than the inside

di aneter of the tube to avoid continuously scraping

the inside wall thereof. The 25 outside di aneter of

the helix must neverthel ess be sufficiently close to
the inside dianeter of thetube to create, in

addition to the turbul ence, sufficient shear forces
cltb@e fiig athetwwibes supfadde theldet-achAsdepediets arove, the

bﬁg'l%%%tv\@?é%l,YfEbﬁ%d 10 tthewald,+ 30 r8at i sfactOr e the
turbul ence and shear effects are generally obt ai ned

f oL tsyseerd amp bRl OF the Matlils 0 tHe ottside diameter of
drta@ettmb@f 1vhaghelithitro the imsigde diadetefeof aibbere, at

be IS hetween 0. referably bet

01835nd 5 6E RO RZpRls Aty e DBEAEEn R SO0 iRReaLeo
ha;\he provedtwbo dre Sufée crtemhlsy lowltd prevent dmpces of
fri bet £ a hel i g
nc%lg(rél y theP%gﬁo Ien ??1 Qﬁfégg e%cel)p%tslaéoe%n tor
oithtehef]l@@akt]i%ncefme%ort rfeasﬁerrsunq uf NP 53Mmdf ashedescribed

hehi Xh A rsiated a%ﬁﬁ\ﬁ%attlhﬁl Applh £ant e st f oungds | |}5]erSlSt

fact that, for ratios of the  outside dianeter of the

heéPi 54 3t Re ARRicdd NG &Pé}déf 61 (He ety Hy FWFERT A1

tlne rt&r@esnveﬂtmahed atiove, p&bbﬁehea&tsthelffEﬁSttMalmﬂd’&; to
t he heI| sorretl S aI hESl Xt .t wo

tﬁhgeutsﬁr S, d “presen Ciraces 0 ¥ dbameter of the
f filcsitontuAht hm]ugh)ﬂ hitbeef fectti stlluesseroi’r orthet heelix 1is

flsexhble ¢ennector fasten %&Me%@stﬁwwﬁ%f& of

the present application, 1t nay neverth Ss persi st
16henhedikai n operating conditions of the device

accordirag hHombhe id&wentdionst Thitsprsobkem-wasesol ¥ed this
ganks to the use of a hel Iaé_,ll ich the outS| d
AABEEFTOFCLRESE rSt F0AT fort Yo T h&F5S st 3 urns %f50 ot

t la&lha[hjex tiugnssnHEl |tére thhdn xt.he ot sildes i anmeter diethetio
Qer tL”éE%§id lgﬂ gt@?'kﬁergg% @gHQ§{ cqnsf rSéiameter
ed by

t UI‘ ns concern
of the tube, 1s between 0.1 and 0.6, and preferably

between 0.2 and 0.6. When a plurality of turns are
concerned, their outside diameter preferably increases
progressively from upstream to downstream.

The fixed bearing-forming element, designed to
receive and support the trunnion, may have a wide
variety of shapes, insofar as it performs two
functions, which are, on the one hand, to ensure the
robustness of the fastening to the end of the heat
exchanger tube, and on the other, minimizing the
obstructions to the fluid flow. It preferably has the
shape of a cup-shaped yoke comprising a central part
drilled with an orifice for receiving the trunnion of
the mobile element, and two branches, symmetrical to
one another, having a shape suitable for fixing them to
the upstream end of the tube. This vyoke shape of the
bearing-forming part 1s known and 1s described for
example in applications EP 0 233 092, EP 0 282 406 and
EP 0 369 851 filed by the Applicant. It may, for
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di aneter decrease is generally not nore than 1 to 5":

of all the turns of the helix. For these turns, the
ratio of the outside dianeter thereof to the inside

di aneter 20 of the tube, is between 0.1 and 0.6, and
preferably between 0.2 and 0.6. Wen a plurality of
turns are concerned, their- outside dianeter

preferably increases progressively fromupstreamto
devasleambeThe firedhbeati nglfcormane el epeat ends form a

d%%'l@%%d é&ﬂlr%ﬁeﬂ e§1§’it\!§b?@d FRUPRAIA1 6 LR %Hd MY the
have a w var | et shapes, insofar as it perforns

A R P RN o T A1 S e AL

t B ker alusd neesmofa tbelfasuoelm n@lé@tidﬂe nert@rqfalt hewvhereof
and t he other m zin

308 SE o ot & The AP ' TS e o mbl S Fades Ln

thee shapérefima eup- shapethyokeulcenptosimgaa cedstalcally

[ f h
PPURATON of " the MoBITe Groment . Bnd T brangRasTs  the

syﬁﬁ*etﬂfcul@al 2 bSO ofE CAFNBEITSES hQanﬁdl%maﬁersé@erﬂt abtable

f opf i xbngqt hemy 59n§§gt hg upstream epdnofigt hgatbers the
Thi s yoke shape of the bearing-formng part is known

aHQSt§e&@s€Pﬁb8§ f6f t8X&mple in applications EP 0 233
092, EEnOaZ&%DﬂﬂiuﬂMi dﬁ%dﬁiﬂﬁh&ﬁﬂffﬂﬂ@dd@W1¢@eaccordlng

. £xa Ie,.be a S
R SRR ot teEYanus s MRS ey PrBeRaRlrER) oone
f oriénckosiingltcheoemdiof bhea tfabet aSQiO@emqmetded miEPLts
0 %%%Fg%% Ha Qﬁ&fggﬁHEXte@ 'ﬁ@de hr%@ ﬁg'{ﬁbular

astic material, whereof e ends of t
bﬁéﬁ@hé§ éﬁkaQQ%r%meﬁeeﬁﬁﬁﬁé@h|Paﬁ%e3@p§b?eé@$@n&n a

oiorbn@nt;ul@@oho Jreagn £l @ﬂ fE@Ja' ¥ui@gpiBstrorhe-ddisieigrg the

m% U_thereof wever n¥en£|on al so enconpasses .
FUBEAEP 95t oS TR & hftes Fdl'y j'di*hi RG] iz

bgarineg- f arom nghearbetoithe pOrdpsheeamhend ofndtheon of

t%%%n&alnﬁnga%%lC%&%Enﬁ%%p%ﬂnﬁge axf§%quyt%&%on of, the

accor I nvention trunnion 1s re ed

i fobhae element and 1is therefore preferably relatively
long. When the mobile element is rotated by the fluid
passing through the tube, the first stop joined to the
trunnion comes 1into friction contact with the second
tubular stop, joined to the fixed element.

In a preferred embodiment of the device of the
present invention, one or more friction washers are
provided between the first stop and the second stop.
This friction washer is free, that is neither joined to
the mobile element nor to the fixed element. It 1is
preferably made from a different material or has a
different hardness, or even is of the antifriction type
having a wvery low friction coefficient, generally
softer than the materials of the first and second
stops. Mention can be made as examples of such
materials, of steels, particularly heat treated steels,
copper alloys, ceramics, and graphites.

The friction washers known for example from EP O
233 092, EP 2 637 659 and EP 0 282 406, have friction
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orifice of the bearing by a first stop provided at its
upstream end and connected thereto. A second tubul ar

15 stop is provided on the central part of the yoke in

a prolongation of the orifice suitable for receiving
the trunnion of the nobile elenent. This second stop,
joined to the bearing, perforars the function of

mai ntai ning the trunnion in the axis of rotation of

t kerZecesbithe telegwertl adnd 1 snathdy effor ef prafierabiyrface of

rehatimely | engroWien t he ywbiler gl ement rhseLotafRdd be
by the fluid passing ghrou h the tube, the first stop

j 6ieﬁ1€§efjo ttoneth%E r @ﬁﬁﬂ@ﬁmcéﬁésa@%@@l?gl EPF6R fé6ntsdepes of

withi trhe cseeandhashubyl ahdgbepchieoicned1te thepki.xed
elenen& 25 I n a preferred enbodi nent of Hgﬁkaﬁylce of
t he Bent SRS on, TOR ot Por e 1r i et

acenjpnoVudedwbehmEea ﬁhguﬁessbesbwplanWhuhe second
st op. fricyio her at. n [
Tﬁghg %th$ g lbﬁ EEﬁalngE g%%s %éé%ion of

j oi ned to ement nor to t
ebemdmtoe | twitdy 302 prefepabny nEg¥iferomas c@ififigdentto the

”&h%%h%ﬁoﬁrfﬁ%%datodkEEeﬁ%B%rﬁéhd@%%Sofo%aﬁﬂe@ubé otnd
the antifriction ty aving a very low friction

coeff|C|eﬁﬂgu§§n@nﬁﬁ%wss%fY BYt RAn % K Gratlerd afRPofiment
t be fiHestdentcsecond fasiteps ngVeiiad anolabe belead@tasin the
exanpl es of such 35 nmaterials, of steels, particularly
heat treated steels, copper alloys, ceramcs, and

gr aphi tegurthé fshicets gn Wwashers tebwifordexanpl ecfooming

BP0 @33 ﬁ%?ent’% r? @3 €n652 %%'%] 0,282 4§6’ar{&ﬂ\é§ fixed

frictron - surfaces that are at or match
f P&t en §Gﬁ$ﬁke'%ﬁ ?W@es@@%trﬁﬁ%fe?ﬁﬁlypfth@-cdﬂﬂ%%t 1.

S@h&@?@&o&EOU|@th Fﬁﬁﬁ%ﬁﬂ:zoekﬁﬂﬂﬁdﬂﬂﬂﬂngy @@?ﬁtiﬁérms
SRECI 11 C snapes e rciion ers an r e

tuHﬁP&Fe§Pop§HQS'ﬁﬂ¥?ﬁ§£ﬁﬁﬁ ﬂ%%mgﬁghnﬁé i tﬁ%ﬁ%ﬁﬁ to
i mhecoh] amctdiiaranith tbe ﬂﬂguré$ubél@mssnwmlchrough the

LGS i, SIME A Longl ydhel 6is5e Foct D Gich G -
of the dev1ce has the shape of a yoke comprising a
plate 7 drilled with a central orifice, and two
branches 8, symmetrical to one another in principle
with regard to the tube axis, whereof the ends bear
against the inside wall of the tube. The fixed part
further comprises a tubular stop 10 Jjoined to the
plate 7. The channel of said stop 10 is aligned with
the orifice of the plate and forms therewith a single
rather long channel which serves mainly to maintain the
trunnion 4 1in the axis of rotation of the mobile
element 3. The mobile element 3 1s mounted rotating
freely in the fixed part 2. Said mobile element
comprises, from the upstream end thereof, a stop 9, a
trunnion 4 joined to the stop 9, a flexible connector 6
made from stainless steel <cable, and finally, the
helical part 5 rotated, in the direction of the
arrow A, by the fluid flow. It may be observed that
all the turns of the helix do not have the same size,

but that the first two have a smaller outside diameter
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invention fixed to the upstreamend of said tube; and

10 - Figure 2 shows a view of a specific enbodi nent

of the device for fastening the nobile elenent in the
tube. Figure 1 shows a fouling reducing device

according to the invention with a nobile part 3 and a
fixed 15 part 2 fixed to the& upstream end of a tube

1. Throughout the present application, the terns

" ipstr eahftandf " dowhsticddmwiare defrinsed wi FArckgandreo a

”ﬁ%lfcltq\f!nd'&zgghwn of the fﬂﬂﬁﬂd&ﬁs'b%%ﬁe%oughet h§top 9
1, represented by the arrow B. The fixed part

ube
Goépe@hé“HePP%etﬁ§§ﬂﬂﬁ€-§Hﬁbet6? étﬁﬁkel%oﬁﬁﬁp§ﬁndxh the
pkate .7 drilled with a central orifice, and two

branches trical to .one another [ rinc
eyl R B RO Hh Sy part
ag&imﬂetdﬁyuqﬁnanxw%din@ft®hEhEUpeesEné'ﬂﬁmamqumi 258The
WL r | ar 0 i h
%I%%%eﬁi?;gpf annﬁfél&?gsgl SQQierloir?SEﬁgl gneg echaht the
t ﬁ@térll ffpenpfon hé plat E<RAECEOr H%Yt Rer e E4n B &1 ngife the

r @tﬂa%bll@ngcghﬁ@e%rw chyrseraes maidl }zﬂot,@sr&@leahal @nd is
the trunnion 4 in the axis of rotation of the nobi

30%¢Perentt®3. Efe ndbiPe 8rerrent0b3”10élsﬁ=éfunté%‘jllrot%?%bble
fbealfygmmathenélx@ maret Erlﬁaidnmb\bisﬂr%r(ﬂ enendnd of the
conﬁrlsgﬁ gro s%rean1end her 24 sto a? i@ 1ar
Ri ofi "4 ngﬁe fe“dtop 9Palf| X|bTe connect or
6appédeatnon1Qﬁathbepse§Eeélloabhéloand finally, the

35 hel irgal 191&\‘;" d13§ ey | Elﬁﬁ@t%*‘:@&t Mqrﬁhoghteh%elp of

arrow A by t flow bserved tha
aFPetﬁ@lﬂQWﬁ§goﬁX?W€1ﬁéW|ﬁm@@dﬁﬁﬁnﬁave t he same si ze,

but that the first two have a smaller outside dianeter
-9 than that of the follow ng turns. Furthernore, a

f FEEH washer 11 is provided between the stop 9

j 0i nedTbo tidwer tthunnedhcantvehesst off 10 g alanedd catderding

y%%ethe invention, the Applicant has used the operating
conditions of the heat exchanger of the example of
application EP 1 227 292.

These conditions are as follows:

- heat exchanger of a refinery which is used to
heat, to 260°C, using a distillation residue, a light
Arabian crude o0il not stripped of its inorganic salts
(no desalting);

- inside diameter of the heat exchanger tubes:
20.2 mm; and

- length of the tubes: 6100 mm.

A fouling reduction device according to the
present invention 1is 1installed in each of the 564
tubes. The mobile element of the fouling reduction
device has a diameter of 1.2 mm and is made from an
alloy containing 64.9% nickel, 8.75% molybdenum and
26.35% iron. The flexible connector used 1s a cable
comprising 50 strands of stainless steel wound in the
direction of rotation of the mobile element. The

length of the flexible connector is 1.5 cm, and its
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5 Figure 2 shows an enl argenent of the upstream part

of the device according to the present invention. The

difference fromFigure 1 resides in the fact that the

metal trunnion 4 is replaced by an extension of the

fl exi bl e connector 6 whereof the downstreamend is 10

joined to the stop 9. Cbvieusby; all possible

configurations of the friction washer 11 and of the

stiapm@ edesger iSoath -abde, mpply afo thd opagideuiagmeter of

appki cati-on of the presantednventionithe b@éﬁ@htoﬁxﬂsthe

now illustrated with the help o 15 the fol

exefplar yidmsdditment . CERampPe To PeSt- t héhe flrs three

effeeti velraw of tcﬂ]ﬁarﬁi@t/éﬁe aeeordrngthbd theat of the
ntion, nt has. use e oper at

cORATEVORY JTRo hedd exERahUor Tof Hhe RoRAREFE oF these

arﬁplmsctattkmeeEPtﬂLrﬁQ? t292thdhese 1dendilta1m1$1ar efagshe tube

t oexchanger of a refinery which is used to
heatq\é§ fggg‘ ,ﬁuggng a'distillation residue, a light
25 Ar abRaRTcrivte ePPVRotC® ¢} s of thes seergemi é1fe of

sabtse &ﬁgndeﬁabtlas) th85|§§uﬂi tﬁéd@élwe heMces is
exchanger tubes: gth of the tubes:

61669FRETSE Krfoé[bl‘i%@ V@éﬁét |t&n %%% c%e%%or dith§ teervice
th&feprceﬁeﬂhel mMegstdromg sSyQSéIaI loerd t]ﬁ]e edom1dfigt heedbding
%%?. eTr}_eS WJ&I?IJ!’eef e]!’eerrent Jo_g al E U In L& UCt D?oreover
V|c5 has a di aneter of 91 ﬁn15 EPrRde % r om @n !
atk@yeeowﬁwWHaK;MM-erntckalQbseﬁﬁﬁw)wnlymaemmmxﬂﬁiwall
3%f26't%%%y°t'ufb%n -El'ée fle bl scson those
cable conprisin 0 strands of staln ss stee moun

| ﬁetcl@é‘deéll e i 6%60ffquc3{léltg GTe BIC it HObid%S élfeniit .prior

Thet .| ength of rdhechitexi BhewConreahon vi $iol.to£LBs ad wear
its -_10 dl%neter i s 5 mm The ratio of the outside

dloéln’gpgrlr pu slide portion.



10

15

20

25

30

35

the turns of the turbul ence-generating elenent to the
i nside dianmeter of the tube is 0.65. The first three
turns have a dianeter smaller than that of the 5
following turns. The ratio of the dianeter of these
first three turns to the inside dianeter of the tube
varies fromO0.2 to 0.5. Undetlthe above conditions,
the service life of nore than 99% of the fouling
reduci ng devices is 10 lengthened fromtwo years to
four years. The service |iggagfigt he fasteni ng system
of the fouling reducing device is therefore
significantly inproved. Mreover, traces of wear by
fni.cti on abseswestk oFotrherédst degwalduliefy t he tanQu@ée (1)

h Ie s ro ounced .t han t hose recorded wth
T ongE R Sa el st e o o A e o &t
tdeastshomevivunbulqmaﬁrgqmﬂmﬁiiﬁgwmameme@m,theand device

gﬁgg§sﬂ tlgnlnob f% rgkAkys %%eﬂéhgevl§elé% - ?I fhxed

|ng aul ing 1n a tube ough wh
p@@@é@ngoffoméngyﬁée@@@ﬁn &)ng sari tgkdastfgnebeing solidly

t ubhukeneg- gener atihg ghepedin sahd devi cenLcomisi ngr)
a nobile rotary elenment (3) and a fixed

b@QFFﬁﬁtPSFﬁ?Hgléléﬁéﬁr (2), suitable for being

sol i dI y carnegiled 4 oel BRePST( Bearnc&neb@tfed heot e fixed
(1), cqaracterlze%égwtan -Sthe m)bllem(i::iorl fbrmln
(§§ cgn ecte& t §YHE Fied 2ol &t h% ?%ﬁ h%rlses g
upstitedrh t r ummidon- kormduynqnnqam4) EMWb@ﬂQMWWE@%E%Wﬁtng
t ur.bul e-g rt.(5) t e
Seated by tharriald 1B 1 buingin hhe Tabe (1) tand o
i AloWahg lntﬁéeu§§9€eéﬁ1Q4Fn§nénd§ﬁﬁ§trean1(5) parts

are COanﬁbedléiék&rb@n angt hehdbydsim ef angat esf | exidle are
connect% efornablet%{ong its whole | en th. %ﬁ 2.bl
The Gévi EQ a§oc| &hfed 490 S mPY  AHar a%Jt%W = exLhLe
t hathnthe ofl €xi) ble foenaedkor 106) iissawbalbkelength.

2. The device as claimed in claim 1, characterized
in that the flexible connector (6) is a cable
comprising braided or twisted strands, a chain or a

ringed tube.

3. The device as claimed in claim 2, characterized
in that the flexible connector (6) 1s made from metal,
preferably steel, and from stainless steel in
particular, or from plastic, carbon fibers, synthetic
fibers, from elastomer, or from a composite material
comprising a combination of a plurality of these

materials.

4, The device as claimed in claim 2, characterized
in that the cable comprises a number of strands of

between 1 and 100 and preferably between 1 and 50.

5. The device as claimed in the preceding claims,
characterized in that the length of the flexible
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conprising braided or twisted strands, a chain or a
ringed tube. 25 3. The device as clained in claim 2,
characterized in that the flexible connector (6) is

made fromnetal, preferably steel, and from stainless
steel in particular, or fromplastic, carbon fibers,
synthetic fibers, fromelastdner, or froma conposite
mat erial 30 conprising a conbination of a plurality of

t kesaecwatrer(itdl s.s hetrenevi e asdclbaidied dnd chaehepably
charaectker bzed shA that, the cable conprises a nunber of
strands of 35 between 1 and 100 and preferably

between 1 and 50. 5. The device as clained in the

pﬁec]‘gfii ngglﬁbaid&az,zicectwd a@i@m%%d ihn tgﬂéatpﬁd'tﬁedia’[wt@ld@ims,
t exi ble - 1 connect.gr . 1 s between cm

CAToaAG BRAFErant) HeThneno CHARESE ot 6rnfner 1ekible
devincecasrcl asnedetwethe Pregedi ngO0clmamrs,and preferably
characteri;zed i g that the diameter of the flexible
connector is between 2 and 10 nm and preferably

between 4 and 8 nm 7. The device as clained in any

one of thenc10gprecedi ng claimecharactel} zethd n dhattne
t he downstream, turbul ence-generating part gg% i S
helexeshafed ! B The fhA et as? ¢t ai e d e A0 migynstream
charactehczedenkeratthat bhetr atioief hthexodhapde .

di ameter of the helix 15 to the inside dianeter of

the tube is between 0.5 and 0.9, and preferably

bétween 0IBecandgvics. & Clhleidalilge @saiol ai mechdmacterized
chal mhat and Ga Ghagacterl sedhnet BAbahe OUSIdR nelix
diameter of the first 20 turn or of the first turns

oftCt Hé el d® SHAFPERTt RAn &life BURSi de &dicamerer bf> and
t be oot el buewsrabithechakiex. 0.50andhe .device as

claimed in claim9, characterized in that the ratio

of the outside dianeter of the first 25 turn, or of

tle first Thaer ngevtaet hesi nsidémddanehercbfims 7 and 8,

characterized in that the outside diameter of the first
turn or of the first turns of the helix is smaller than

the outside diameter of the other turns of the helix.

10. The device as claimed in claim 9, characterized in
that the ratio of the outside diameter of the first
turn, or of the first turns, to the inside diameter of
the tube, 1s between 0.1 and 0.6, and preferably
between 0.2 and 0.6.

11. The device as claimed in any one of the preceding
claims, characterized in that the fixed bearing-forming
element (2) 1is a cup-shaped yoke comprising a central
part (7) drilled with an orifice for receiving the
trunnion (4) of the mobile element (3), and two
branches (8), symmetrical to one another, having a
shape suitable for fixing them to the upstream end of
the tube (1).
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the tube, is between 0.1 and 0.6, and preferably

between 0.2 and 0.6. 11. The device as clained in any

one of the preceding 30 clains, characterized in that
the fixed bearing-formng elenment (2) is a cup-shaped
yoke conprising a central part (7) drilled wth an
orifice for receiving the —-ttannion (4) of the nobile

el enent (3), and two branches (8), synmetrical to one
afst-hefhehaldvigea 85 shapacsuitrabréator 1fli,xi pgprdeherbzed

t@%.QFﬁﬁf%@nﬁﬁﬂgzOitoﬁh@9yup§ bihvided3atldnelNgiq of the
devi ce as cl alned inclaim1l, characterized in that

a P8t ost di | ( PRG stiprovibied aECPRE nNPUIRTt IREoP (10) is
tb@@ﬂg@gd( %nﬁl“cdld ncteh[@ﬁ:ad Sﬁfﬁ;’ﬂd tububar E}t@p Yol s a

rovi.ded on the centra rt oke in

P OHEEET AR 0P S nd e P B U APE For R e h 1 thethe
tmmunm@nnofofhQﬂnDbmpblébenehemembrntngthJemhehealth a
C%ﬁ%ﬂ%'elf %r“ﬁ'a”i"rﬁ'a%@g “Eﬁe %HG%?;B 13. A heat
exchanger conprising a plurality of tubes 10 (1)
through which a fluid passes characterized in that a
fauling fk?é&»tCI BgcHeNEEe asnplaisted in anyrgnetof dhecupes

preceding clainms, is fixed to the upstream end of at
gUQP &Qﬁ&ht@bJQUld passes, characterized in that

a fouling reducing device as claimed in any one of the
preceding claims, 1s fixed to the upstream end of at

least one of said tubes.



