10

15

20

25

30

35

Device for reducing fouling in a tubular 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
comprising a rotating turbulence-generating element, and used in
industry, the petroleum or petrochemical industry in particular. For some

20 46315, dpyices hgye fige ”f‘%l?f‘irh?&q ipsialieaso as 1o, lteleglY nger

inside tubes of heat exchangers, for the purpose of preventing the
potential fouling due, for example, to impurities in suspension or to
depositshféenopgarie saltsidissoivedin thes fluids 40 coke aindergeihg device

fopmatiopdp,a-thermal 12 cragkingprocsss, ofig-sulfurscopiaining spegies ; 4
soluble in hydrocarbons. Said impurities or said coke which, in certain

tehm&Faturd 3R bréssiire Lorlditisis, ¥endto YepositET i #eide Wails t1©
oftthiedinescemveldrigithe fluid, thepdlpyréause flow obstrattionsy20 ahichi ng

are1dgtamental 1o,the qpearation;ef the prrcessylocategddownstreamor  or
more ]g,gri%uslg,cgolt Sspots on the inside s rfacci gfr the tube, possibly
|

%lng (o c?ammage to itS meé}]stlrﬂlcfﬁ?é:aﬁﬁlfhereby causing leaks of

productst 25 SuGevices aréfeseribed foris@mplé#y appheations TR O/
1742541 ERD 233 092, ER 2r634659, fEPL 282 486,d=P 0369853 fandea t

Egécﬂ%%&gﬁi,'e%h% the Applicant. Ihey:have in.common,a mopile o5 55

element, generally helix shaped, fixed to the upstream end of 30 the tube

sd 884d FotatereelytherefiiaRddrthe EetidABIEAS flow. 15 tFeension
dexvices destebed irt thecaboviementioned deelurhents] ilse dimensions ofthe

thPlHRQ!Pﬂe elementand of thedm H%Qf theduhg @resuch ;thattherermal
mobile element does not scrape the inside :#I 35 of the tube

cOMtHTOURS, inBrdsF e dvoid any ﬁaormeﬁl\{\éL &cts GRthe sewice 1if8ipFC1es
theadbe kadior oftidrocarbons. Sald impurities or said coke
which, in certain temperature and pressure conditions,

tend to deposit on the inside walls of the lines
conveying the fluid, thereby cause flow obstructions
which are detrimental to the operation of the process
located downstream or, more seriously, hot spots on the
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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mobile element. The effect of reducing the fouling of the tubes is mainly

due to the increase in the - 2 turbulence of the fluid, which prevents the
formation of hot spots and the formation of deposits, thanks to a thermal
homogenization effect, and also to a high shear effect close to the wall,
which serves to detach S deposits that are weakly attached to said wall.

In application EP 0 369 851, the Applicant further describes a mobile
eL@HﬁSdlEPQHE%'S'ﬁﬂ iRl its crOss, Sﬁ@‘i{?@% %@f%&f‘? itﬂﬁr@ eﬁ&%m_lgtion
s ecifically so as to scrape the inside surface aof the tybe. e
ot Tt SHIE SR 01 e i A dbuichs 16 1P Ritdring Syehe. To 2
adahsrelpleeisede the afurmiorewherdby thednedikcelément Rirefaindgar

indtst fixed pertineserving for éastenring theweviee todbe vupstream eadwefcn
the tube..In fact, the mobile element, 15 which may be several meters
e R B B e ot imes
greater it RERAeCthanthe FRinAioAtthetely eXetfingRércoira turther

cm&%dgmb@steasﬂeafmm@ Tietenstle cf@r_@e; mmbjm_ed with highi speetisos s
ofyotation Qf about 20.50Q t0 2000 fevalutions per MinWie exposes Me..11y

fastening system to high friction, causing rapid'wear of the moving parts.

TRE fdtering Ey5MENTs h8Ed SHYAR réfifdry FHeat fexchangsihave an
average Beevicarlife ofibbtweel 12 25 and 36fmohthsplt i9obviotisljevices
d%%ffal?!ﬁeé@ien@g@tﬂéhiﬁﬂffi%@@&%th Eseéha,rﬁm@e@tﬁfh%qy_,_ the
systems . demands the opening o eat excnanger, possibly requiring.
O Do hi i hERtioR v AR Serrer appe h s
adtoRfrdicaBLReaRing expensest 30 af@ alless binédne teithecspefatorthe
The Applicantdias conseguentlypendertakem fescareh caimasiatdbesteement ,

ur\)\%%ré}'?nrqg]@ %ned %teoxye%%qmirqggg%s long, and which is rotated
by the fluid, 1is generally several scores of times
greater and heavier than the trunnion, thereby exerting
thereon a considerable tensile force. This tensile
force, combined with high speeds of rotation of about
500 to 2000 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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problems of wear of the metal parts forming the known systems for
attaching rotating mobile elements in tubes 35 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 - 3 of the bearing or of a
friction washer, optionally present. ThiS wear profile is attributed to the

fagt thahthe mobile.plement, whichyis ratatedibythe, fluidcand whieh ona11y
generall%gas an, utside diameter %halt is 5 smaller than the inside he fact
diameter of the tu %?di‘éﬁ%%ﬁe? thé truhnion fridm-its %(ligeo? rotation &nd- ¢
fokbestit treotatinl® conenitvolutiba Pattém. Theapplicam hakealdoluid
found tha the, firstdnen o1 tyrnsafthes heliy are also wornndeaspite thesfacti s
1Q that they have a smaller outside diameter than the inside diameter. of
LG A peatbiscmobibic ok dpansc i R
walite The ApplieantithefeféreSfodtided 6 rédicing e fiictlort angSveatt to
described above asomeich Aspossible,i b ipotderta significantly

lengthengtfie sgpice life of the fastaning sysiems brating the moble, -,

elements of known cleaning devices. This purpose was achieved by a

y
faStenirtf Systéhh that Comprisss & figxiBreontestor OhnBdthfy thee fact
trahwion oflthe mbbileelemeattolther20 geherally helicahporion than the

extending alangpart at-the Jube androtages by the,fluid How. skhg.object 1 n
of the pres nt invention i% therefore. to provide a device t1f%r re%:giggw 1

foiing i & Litre HFoLigh WHich a iid phsted BHAE type Somprsing

25 least 6he tutiléAcegencramigélertentt saidsdslicenconfiisiig® the

mobile fatary elementand adixed headngiormingselement, suitahigs oo e,

t’h%'lr?l:g solidly cennected, to the Upstream endof the fube, chayacterized in , -
the fastening systems bearing the mobile elements of
known cleaning devices. This purpose was achieved by a
fastening system that comprises a flexible connector
connecting the trunnion of the mobile element to the
generally helical portion extending along part of the
tube and rotated by the fluid flow.

The object of the present invention is therefore
to provide a device for reducing fouling 1in 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 mobile element connected to the fixed 30 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 35 to one
another by an elongate flexible connecior_deformable along its whole
length. In the context of the present invention, "flexible" connector

geperally means a cpgpegtor "whigh cag be -4 beptand rebenigagly  or

without breaking or, deteriorating” (cf. Le Nouveau Petit Robert, June
060 i) 1iting the meating “SHSTES Esdtie. Wonkaster e 2000
fUrtheF sabject oheielindentishiés a heanaxchanges taAiprising alphinddityle,
ofiybesthreugh which a fluid passes, characterized in that a fouling

reducing,device is fixed to the upstre d of at_least one of said tubes.
10 The Bt oh S betor Botsatn (o trurtion AR ot Heatart s | reat
rotedBYARE flemPPernTits s certRih icotpling” dfthese torpards which
While theyi abvigpusly gstate, @lways atthezzaine speedtas one anotheyling

the gisladging Jareethat the helfical part preyiously, 1o exeted apthe ¢ 5¢

downstream end of the trunnion is substantially reduced, because it is
nAV Ham LY the® tibId Yigth of the connector. In the flexible
connect@itfastéding Systems @ccerding to ke eentionh ¢hetconengfon  and

revoiop essiibe by 1he ulonis 20 consequentydeduesd 10 ber cain
m\l\nlmum IIS e)/en onexisten , an the trunnion.rotates substantia

e H RS o F sy BE S feie Lo (oag s Ly
thepreSent iavERtich miy BémadeéMomsaiematefial PrévidetPthaer, the

dislodging force that the helical part previously
exerted on the downstream end of the trunnion 1is
substantially reduced, because it 1s now damped by the
whole length of the connector. In the flexible
connector fastening 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 chemical resistance and mechanical strength in 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 30 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

brﬂ@%@%tw&sﬁe%%tfm aPh%iﬂd3§ Mmgﬁ&’f intertacing, fings, OF G¥ER 1
a rln%e 6ube formed of a succession of rings hinged to one another.
WHER the flexible coupling is of the braided or twisted cable type, it

preferabRpeonipriseda hambeevens strandsedfieawdemy and 100Land ble

preferablydeetween dramd 5P foha mekile £lemeanicld metesstong:@ 1 cm
flexible connector is preferred having a,length of befween,1 ¢cm 5 and 5
e L e e A e (oaCrocn
afd 20HhRrantisrefstably Hetwesr2 ahd 8im! SaiFtexie dormeeiorPlY

isixeddretweentie ddawmnstream end of the trunnion and the upstream

end of 10.the rotafed pait, The sanaection to these-two party,can ben  the

made by techniques known ger se, for example by welding, crimping or

sl or Hefiby athesiVe Bondiny:- FheTothtdd partindy: 7™ end of
prificiple;Haavecanypds appropiiate asymmetricatl shape Brabtingtthe flpmirts
that flows thequghithe tube toirgtate itabaut the.axis of saiditubeThe e by
mos&gflﬂment sh]?ge (ireatlngrmammruraitrtljrbulen%e for minimum prghlslsureV
d?’g)ep, is'the’helix; vr\[/]l?ic % accordslr(fglye/ lised in n%arlyee{ﬂeélevicéfs of the2g V'
typerdéseebed in the introduction, and is also

The rotated part may, 1in principle, have any
appropriate asymmetrical shape enabling the fluid that
flows through the tube to rotate it about the axis of
sald tube. The most efficient shape, creating maximum
turbulence for minimum pressure drop, 1s the helix,
which 1s accordingly used in nearly all devices of the
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 must have an outside
diameter smaller than the inside diameter of the tube to avoid
continuously scraping the inside wall thereof. The 25 outside diameter of
the helix must nevertheless be sufficiently close to the inside diameter of
the tube to create, in addition to the turbulence, sufficient shear forces
close to the tube surface, to detach deposits or particles weakly fixed to

th@h"éa”f §9§ati§f?ﬁ19(f¥ )th9%|9'8%% aﬁ% shear effggts He generaily ve, the
obtalnled for systems i |8h the ratio of t %out&de diameter. of the %ellghe

wh :
td ¥R iﬁﬁag%ia%?e?er%?%ne tubé i;ig between 6%’an5%9,5%51p?§fe|% ly
betwehd® 6 darnd 08 B35 Hatidsdying betwéen thealiovieligds daveer of
praved taibe sufficiently lovw imprevent aawy friction gantagt betwaemibe at
tube and the helix along nearly th ole length thereaf, with the
xS B the oo BIEE e (et oyl AL Sk @Lso
abhd\re, BfRX Appiitanthas T8¢ in THEtthat, fof faffosiof #sePutsideces of

diamete_rb)j therhelixitorihe insiﬁﬂdiam}gtetmi ghe ﬂﬁmctying vithirsther for
ranges ipgicated abqye, AL aleast thefirsh iy ofthe-halix, and yescriped

sometimes also the next two or three turns, couldpresent traces of wear

by TrictiBA. RRSIghthiPEHet 74 l6dBer fob the fleRBIEEoM eSS persist
fasteniry systemsrasrddsiribed oindhé presem applicatidayit oeayaccording
neverthgless petsist 1G4 certain gpesating candjtions 9f the.devigeanks o
a cfgrdlng to the |n\fle tlfn. Tqulls r(i)b%an‘;ﬁ as so{Lveg ha ks}[(lz) the us%ol%h

a nhefix which tAe Ottside diameterof the “firdt turh of of the first turns of -
thelldik istsmalleptharpthe uside diaptetek o fife ofHer tiis ohabite 1s

helka Themurpber afnfirstuttisieoncesned By this the other turns of
the helix.

The number of Y“first” turns concerned by this
diameter decrease 1is generally not more than 1 to 5% of
all the turns of the helix. For these turns, the ratio
of the outside diameter thereof to the inside diameter
of the tube, is 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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diameter decrease is generally not more than 1 to 5": of all the turns of
the helix. For these turns, the ratio of the outside diameter thereof to the
inside diameter 20 of the tube, is 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 ?rggressively from upstream to
downstream. The fixed bearing-forming element, designed to 25 receive

a%géhheﬁ%r} tr!?etruéﬁn'@ﬁpn@a&?é@ 33/‘6!@@ Vaisty OF shapesinsafarasit o
p?gf r?s two ﬁﬁnc ions, Whl%h aie, og the one Tand, to eﬁﬁure th h
robustness of the fasteni %lt ‘?ﬁe nd 9f the'Heat “excha geert HE: aﬁa oﬁ ©
theldther, Afiniftzng ted0 dbstRRtiGnsAtoInhe fidid floww. Itiprefeealsly hds 2
theo shape-efa cepcshapedsyokercopiprisiag seenirakparé driled withaweo
orffice for ceiving fhe rypnign of the moblle element, anditwo branches. ,
symme fical to oné ano her, sshape stiitable for fixing them to

aving a
thelfostiEai ERETS e thibe> ﬁ'hist%@ke SH&Se ofthe Peakngemtirgcally
pard isi kirown amckis dieserilded fowaXamptenwrappiications ERv6238,092 he

EP.(,282 406 and &P Q363,851 Jlled by the Appheant. ltmay,for s {; tap1e

example, be a cup-shaped yoke whereof thé ends form a” hollow cylinder

sditdble terftiosing the ehd of the t§6E, dad<eribeddn Ep6 23302, te
onpsefeesly cand/oké made frohea stiff but elastic material, whereof 5 the

ends of the twoduanches can be forgibheergageddn thedipsiream-end @i ng
the tubg to bear elas,gically agca}ilnst tjge inside wall. thereof, Howeyer, the

. to .Che, 1nvention e runnion is ., retain . an  the
invention also encompasses any other sysﬁem suitSble” for sorllﬁ y joining -
apeafingforpding part ke #el 19 dpstrearhigrtoftheruie: ¢y adsdticiari ts
embodineent obthe davice asearding do thesinwestjon, the sripsion isubular

“%@ggdygmgrovided on the central part of the yoke in a
prolongation of the orifice suitable for receiving the
trunnion of the mobile element. This second stop,
joined to the bearing, performs the function of
maintaining the trunnion in the axis of rotation of the
mobile element and 1s 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 tubular 15 stop is provided on the central

part of the yoke in a prolongation of the orifice suitable for receiving the
trunnion of the mobile element. This second stop, joined to the bearing,
performs the function of maintaining the trunnion in the axis of rotation of
the 20 mobile element and is therefore preferably relatively long. When
th@d?@gia?e.@'ef@%ﬂ i%E‘EatPQabcy the le@cd%@?%&rﬂQ t@@i’&@i"!ﬂﬁ tubg, thee of
flrsltqstop 1%)lned to Et)he ]Etrunr%ltin corg]%s into frﬁctm conta%t with th sec%ondb
tubUfar &t %?joinedrtg i€ fixed elemént. 28 1h & preferfed émbodin@ gf ©
theegbvicedoftthe fPresant inventior; vne @ppicredrictiopcidsiersarpes of

pravidegrbetween the dirst:stop. and dhe saeond.stepa T his fjetion washer

is free, that is neitheréoingd to the mocbile element nor t Ehe fixed .
r? eB &ngen 1oq 1s f% u?Frated in
element. It Is 30 preferably made from a different material or has a

differehtMardivessy oF Bvén s St eiiffRtioAtypé having'a very low
friction ceefficientrgenerailyoseftes tHasmthetmadterials afthe firstandion of

second, stops, Meption,can.he made as examples of such-35 matetials, of, .

steels, particularly heat treated steels, copper alloys, ceramics, and

grapRRES Pk frichioh Washers kHEWh fordkarhtple Hor EF'0 1955 0931d
EP 2 637 658 andrEP D 2820406, have frictiorf - 8 surfaces thatamedidi pent

matchithe frigtion surface-ofr the glopn Breferably o theicontact surfaces, the
shoyld be reduced to the minimum by adopting specific shapes of the

friction Wwashers and/or the tubular stops. 5 The present invention is .
illustrated g véshjunctibAwdthethé Fighredbeleduin Witlcltte Figarea Shaws ng
a tengitdinal eress seetionef ta tube withha tlearing device aceordingfoxed

ﬂ%ﬁrt 2 fixed to the upstream end of a tube 1.
Throughout the present application, the terms
“upstream” and “downstream” are defined with regard to
the flow direction of the fluid passing through the
tube 1, represented by the arrow B. The fixed part 2
of the device 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 upstream end of said tube; and 10 - Figure 2 shows
a view of a specific embodiment of the device for fastening the mobile
element in the tube. Figure 1 shows a fouling reducing device according
to the invention with a mobile part 3 and a fixed 15 part 2 fixed to the
upstream end of a tube 1. Throughout g1e_present application, the terms
"upstream"” and "downstream" are defined with regard to the flow

ireciion o fre i passing haouh g tue, L igpresenied bydhgarion
. 1e TIxe par 0 evice nas the s p O a YyoKe comprising a

A RER LA e S A e A AR TS el e
one ahethertin prneipler with regardnd thehteibes xis, witerdofithe@nds the

bgaykagainst the inside wall of the tube. The fixed part 25 further

compris%s a tu%ular Stﬁﬁ]\/\:}‘o joined to the plate 7. Tpet%hannel f said

stop 10 isla?iléﬁed with ‘the orifice of the % al{%g%t—hd%orms therewith a sin 3rt

ratherl6fig EfaHTe WHCH $EH/BE miginly fe° mairR&iftthe RURTIGH Qlin thelRe
axis of eotatior offthenmathile3-elements3.dewe mabilehelement:3 ishat the

meupted retating ; rgely;in the fixed part.2y Said mobile element,n  of  the

comprises, from the upstream end thereof, a stop 9, a trunnion 4 joined to

the'$t8p el & fl&imBTohREcto? 6 'HadE fom stinleds et EahR, afgd 15
finallynthe 35 helicahpart 5trotated in the dikection i the asrblv Apmstheole

fluid flov, itmay beobsarved thatrall the: twins,of the helix do pathaye then e
sasr]gg size, butdtggtcthlebﬂer% tw%g%\ée a safnal er oui;’soldet |ametera-1r9t tkgjar&ar
that oF the t%llowmg turivs, Furthermore, &5Hction washer 11 is Brow ed”

béfekbhahé step 9Tjoii] torhearinnicand s stop 10 joined to the
yoke. The invention is now illustrated with the help of

the following exemplary embodiment.

Example

To test the effectiveness of the device according
to the 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 enlargement of the upstream part of the device
according to the present invention. The difference from Figure 1 resides

in the fact that the metal trunnion 4 is replaced by an extension of the
flexible connector 6 whereof the downstream end is 10 joined to the stop

9. Obviously, all possible configurayoT of the friction washer 11 and of

the stop 20 described above, apply to this particular application of the
presentinvention. Thednvention is povwillustrated withtbe helpyotlotbe o
followin exempIaEy e bodimegt. Example To test the eﬁﬁctivengsstof h
th% devicé'aceor g oethglilﬁ:velﬁjtigﬁf:%egﬁﬁlﬁi%% thés Jsed'the © ©
op&ratidg 20 cenditions ofthélratekchahgerofthe exathsle 6t rst three
applicagon Efvk 2274 2921 Eheseseondiignsiare astfaliows: hieat  of  the
exchanger gf.a fefinery whigh,is uged fo, hegt, 19,260, ysing.a distilafin
residue, ajhg%t E% Arabian crude ofl not stripped of its inorganic salts (no
désdifirtg);GRsiae didmiétdr dfthe-héat eRERaiRye iRt 0. 2ohmtaRd Fube
lengthi efsthertubes: 8100cmm. B0 A fouling reduction device according to

the presgntinvention is installed. in.eaqh of the 564, tuhes, Themobjle, ¢

element of the fouling reduction device has a diameter of 1.2 mm and is
¢

mAQE Frorh 4T alldy confaining 8.9, Htket g 75868 HdiYBde i Hriat3s 1 S
26.85%%<rord THe flexibleccomrecter tsedfisarcapkes comprisihg 56ervice

strands of stainless sieal wound insther directien ef,totation1of the mebile:ing

element. The. length ofthe flexble cannector s 10.6m, a0 1540, e

diameteris 5 mm. The 13fiS of thé Gutside dianietér of ) !
traces of wear by friction observed on the inside wall
of the tube are much less pronounced than those
recorded with the fouling reducing devices of the prior
art. The first turns show virtually no traces of wear

on their outside portion.
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the turns of the turbulence-generating element to the inside diameter of
the tube is 0.65. The first three turns have a diameter smaller than that of
the 5 following turns. The ratio of the diameter of these first three turns to
the inside diameter of the tube varies from 0.2 to 0.5. Under the above
conditions, the service life of more than 99%, of the fouling reducing
devices is 10 lengthened from two,years to four years. The service life of
the fastening system of the fouling reducing device is therefore
significantly improved. Moreover, 6348f wear by friction observed on
the inside wall of the tube are much less pronounced than those 15
recorded with the fouling reducing devices of the prior art. The first turns
show virtuallynodeaders of Wear madtieingutdide lortonin 18- CUREMS(1)
A devieaitor redueingfoaling in adubed]l) Srthradgh yuch-arfltid pasges.t

of the fype coroprising, g Jast.one wrbulenee-geggrating elemant, §ajd ..

device co_m?rlsmg a mabjle rotary element (3) and a fixe

fixed _
be &G oring eRmBRE2)S sultBbis tor SeirgEbridly donfdedito g sd
upsteearrehd of tHetibel@yend cHaracrtizeakihghdor thefivbileolidly

elementd3) eannected taéhe fixed relement{2) canprisgsan upstreaml ) ,
trunpigp=forming part (4)-and a downstream turbulence-generating part
(5), shaped sp.as to he, rotated by the fluid 15 flowing in the tube (1), and
in that, - the u%ls?rerﬁﬁkib% ean_%(il cI)R\//(\Q‘/rr%tregéﬁ] ( Oﬁlélr chFeg ch(%romegckfgd oléﬁéj
anGtheReytan ebhgafoRexibRe TonhBctdty6 ) Befdtmableaiohiyitd Wible 9

lengtiy titted) to pemaiit daampingofrthé dislndging folcel exerded dye 20theg
mopile-element amthefixedglement.s pe rotated by the fluid
flowing in the tube (1), and in that,

- the upstream (4) and downstream (5) parts are
connected to one another by an elongate flexible
connector (6) deformable along its whole length, fitted
to permit damping of the dislodging force exerted by

the mobile element on the fixed element.

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) is 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.




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 25ringed tube. 3. The device as claimed in claim 2, characterized in
that the flexible connector (6) is made from metal, preferably steel, and
from stainless steel in 30 particulat, rfrom plastic, carbon fibers,
synfhetic fibefgcfromalagtomer Qrframsa eampRsite, materah somprising
a combinatjon.of 8 pluralty of these materjals, 35 4. Jhe device gs .,
claiméd fiv cfaim f, characterizéd in that the cable comprisesa nunber of
str&Is6F Betweén 11ahPE602P1 prefefaliiybetwEdn 1581 S eleFanly
Thédevisena® claimeddn4hermpreceding claims, characterized in that the

5 length of the flexible connector (6) is between 1 cm and 5 cm, and

pregerably b ween 2cmand 4 cm, 5 6. The d%\ﬁice as claimed.in ttfe.
preceding cI;ltmg, characterized in atlﬁgltet%el&ame(teerpo?etﬁg %gl(l lg oS

corfftarFsPerddn 2and 28 mnt Mhd Prérdsy befwebhe ahyBhite
10 ZoThedavice as claimtew #nany onendf thel pragedingrofainmy,eferably
chasaetgsizedanghat thepdQwnstream turbulence-generating part (5) is
ohelix shaped. 15 G. The device as claimed in claim 7, characterized in
that the ratio of the outside diameter of the helix to the inside diameter of

the tube is befWEen 358 035 and'pref&fbly Beti®eh 0%4'&nd 9'8. 20*°
9. Trededicerascdlanfied irrdlaims Yearid 8¢ chardatefizedin thavthet ream
outsigdecdiameter gk the-fitst niyirp or of (1o fiist tueis af dieahelik.is smaller
than
15 8. The device as claimed in claim 7, characterized
in that 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.

20 9. The device as claimed in claims 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.

25 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 Dbetween 0.1 and 0.6, and preferably
between 0.2 and 0.6.

30
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 recéiving the
35 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 outside diameter of the other turns of the helix. 25 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, is
between 0.1 and 0.6, and preferably between 0.2 and 0.6. 30 11. The
device as claimed in any one of thelgreteding claims, characterized in

that the fixed bearing-forming. elemeat (2) iscquﬁ shaped-¥ake cterized

comgrl%l acen%ral arté? drtl dW|th an orifi efor re |V|ngt e3€
trunnlongg) of the Mo |Ie S efement (3 “ant f)wo ranc es?@) symme rlcgl

to drie'BRtRr, Havikg A éﬁaﬁ@%&té‘blé%?ﬁﬁné%ﬁéﬁfﬁt’& tﬁé%st?éﬁh is
engobthdedbeqd). 18 IxMhedeviserds cldimedin dlain IMoke in a
chagra@nggt inbthad & firstestop ()i iseprovideshatthe endofdbe vtIH@ni@He
(4) %le t a gecond tupular stopd (%géb ﬁ'}‘upro %%%E’Hf he geryal part

(7o yo e inab5 prolongatlon of t Ifice suitable for receiving the
truiTBRYT thd MoBife Blett8At forifig thBREWR a channel for
maintaining the trunnion. 1.3. A heat exchanger comprising a plurality of
tubes . 10 £1)rtheaughxwhichor Hluid passesi gharactglized in that eefouling s
redygi ”gt%%‘éﬁ%ﬁsvﬁli“&e%'%‘w Qg §Q‘§ p@%ﬂér&%@i@éd's fixeg o,

the upstream end of at least one of said tubes.
fouling reducing device as clalmed in any one of the

preceding claims, 1is fixed to the upstream end of at

least one of said tubes.






