M TI GATI ON OF | N- TUBE FOULI NG | N HEAT EXCHANGERS USI NG
CONTROLLED MECHANI CAL VI BRATI ON BACKGROUND OF THE

wo DENTd6®N FI ELD OF THE | NVENTI ON [ 0001] Thi s PeWm@Rs100DM 1827
relates to heat exchangers used in refineries and
petrochem cal plants. In particular, this invention
relates to mtigation of fouling in heat exchangers.
DI SCUSSI ON OF RELATED ART [0002J Fouling is generally
defined as the accunul ati on_of unwanted materials on
the surfaces of processing éqw pent. In petrol eum
processing, fouling is the accunul ati on of unwanted
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petrochem cal processing systems, and affects the
, tvvo ways. First, the fouling

[LOF THE MXENTIQN,quctivity. This increases
the reS|st ance to heat ‘transfer and reduces the

ef fectiveness of the heat exchangers - thus increasing
FIELD ©FEHE INWENTION system Second, as deposition

occurs, the crosssectional area is reduced, which

causes an increase in pressure drop across the .

pp u e i neffi.cle r di f
loool]t heaﬁggﬁexc a%e?élsﬁaogg] fhﬁé{at Q%%(k% gﬁgﬁrﬁs‘ﬁﬁt u %r{egles and
petrochétiidah plams! sIermrtwumrmtmiefihnenmm rblareh ﬁﬁmmgauon of fouling in

mllions of dollars each year due to | ost efficiencies
heat exohapgeput , and additional energy consunmption. Wth

the increased cost of energy, heat exchanger fouling

has a greater inpact on process profitability.
DISCURRSIONOF RELATEKDeSRANd petrochem cal plants al so

suffer high operating costs due to cleaning required

as a result of fouling that occurs

[0002] Fouling is generally defined as the accumulation of unwanted materials on
the surfaces of processing equipment. In petroleum processing, fouling is the
accumulation of unwanted hydrocarbons-based deposits on heat exchanger surfaces.
It has been recognized as a nearly universal problem in design and operation of
refining and petrochemical processing systems, and affects the operation of equipment
in two ways. First, the fouling layer has a low thermal conductivity. This increases
the resistance to heat transfer and reduces the effectiveness of the heat exchangers —
thus increasing temperature in the system. Second, as deposition occurs, the cross-
sectional area is reduced, which causes an increase in pressure drop across the

apparatus and creates inefficient pressure and flow in the heat exchanger.

[0003] Heat exchanger in-tube fouling costs petroleum refineries hundreds of
millions of dollars each year due to lost efficiencies, throughput, and additional energy
consumption. With the increased cost of energy, heat exchanger fouling has a greater
impact on process profitability. Petroleum refineries and petrochemical plants also
suffer high operating costs due to cleaning required as a result of fouling that occurs

during thermal processing of whele crude oils, blends and fractions in heat transfer



during thermal processing of whole crude oils, blends
and fractions in heat transferequipnent. \Wile many
wa ypes3@d7 refi nery equi pment are affected by feai/uszyp7/011827

cost estimates have shown that the majority of profit

| osses occur due to the fouling of whole crude oils

and blends in pre-heat train exchangers. [0004]

Fouling in heat exchangers associated with petrol eum

type streans can result froma nunber of nechani sns

i ncl udi ng chemi cal reactionS, corrosion, deposit of

i nsol uble materials, and deposit of materials nmade

cauipr| 50, Wt Bl RTRECHIGH pdpiaReRs SruaR i ouine, cos
estimatesrimve slooin ahatstise aiajofint of fppofit N@sses nodvak tdudlit@the fuling of
on of _coke_ that occurs when crude oil

the faqrmatj . i
whole %‘éﬁﬁ‘ﬁé?‘!séﬁéisblépés &R BFehpakisaintaxchaBgess. t ube surface

tenperatures. The liquids on the other side of the
exchanger are much hotter than the whole crude oils

[0004] andFoabiuktin heatebRthatgleys hisgitisteds a4t petrdlduin type streams can
t enperatures. The asphaltenes can precipitate fromthe .
result fgom g pymbesafaneehanisms ineluding chemical peastivnse gorrosion, deposit

. S S rfac ratures,. e ially i
of inscfURSS ol A5d AUERRSH WATRENE'Hh0 nSORRE By he Brmperature
differei@gbadalenahe ¢fuid hadarab skéienge wallcoke. The coke then
acts as an insulator and is responsi ble for heat

transfer efficiency losses in the heat exchanger by
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formationobf take ehdtey@ugs wikkh LAldeLHil hRBhaR&fdANICHFerBRBEsdd o heater
be cl eaned, which typically requires renoval from

tube sustacgitempesafugiss c Ubsdaquids om. the0ohs} sideadf dlxe leanbanger are much

v 8, ETE B . i LSBT SERALY or s
temperat@tdslermRSadphatiehes cﬁﬁfprbéxgoﬁafé R5th e Wil BRAL adhere to these hot

exchanger tube bundl es "by ngi ng the heat exchanger
surfacegyProfonged eixposurs toeruichrsur face nempleratnrase ehpatially in the late-train

cl eani ng. .The cl eani can he bgsed on,schedul ed ti
exchanfer ol (g B BB Tal SremPebPedt 6 TRURLERGH 10 Gpks. The coke
then ach68 aBORRLIFHA"and 35 rB§onsible for heat transfer efficiency losses in the
heat exchanger by preventing the surface from heating the oil passing through the unit.
To return the refinery to more profitable levels, the fouled heat exchangers need to be

cleaned, which typically requires removal from service, as discussed below.

[0006] Heat exchanger fouling forces refineries to frequently employ costly
shutdowns for the cleaning process. Currently, most refineries practice off-line
cleaning of heat exchanger tube bundles by bringing the heat exchanger out of service
to perform chemical or mechanical cleaning. The cleaning can be based on scheduled
time or usage or on actual monitored fouling conditions. Such conditions can be
determined by evaluating the loss of heat exchange efficiency. However, off-line
cleaning interrupts service. This can be particularly burdensome for small refineries

because there will be periods of non-production.



determ ned by evaluating the | oss of heat exchange
efficiency. However, off-line cleaning interrupts

W@ e00ita@97 This can be particularly burdensone POr/USIHaT/011827
refineries because there will be periods of
non- production. [ 0007] Mtigating or possibly
elimnating fouling of heat exchangers can result. in
huge cost savings in energy reduction alone. Reduction
in fouling | eads to energy savings, higher capacity,
reduction in maintenance, Tower cleaning expenses, and
an i nprovenent in overall availability of the

o007 ;T NARBbine Goptsitlyo Bl B o BRE SRapBfers\gan resuitin
huge c8stlSBvifl6d ihCerldeiy alatAGH albr;! ReucfioRSal fANGRANGRS to energy
having a pluralrty of heating tubes, which is

savings, diighee gapacity, redustion yn minteangadlowen eleatingoexpgnses, and an
. sol i ds_accunyl at.i .on e heat exchanger surfaces to
improvifgyt ip SREIL e AR B AR R A 1 or i ng & scal e

This assenbly requires a specialized resilient

mount i ng assenbly however and could not be easily
[0008] adaptttainpis hayedxeeont inade e atse axbratiogal forcesto Peduset fonding. U.S.

873, & et.et al..also yuses vibratiqn b .
Patent §§ g3 967 Rganisaieh Aoldies h B oiehanasy dihuthg  pluralicy of
heating!@#esC PIRARI resAERR: of M kiBlyShRIINK&N Wbl SitRated to repel solids
speci al i zed nounting assenbly for the individual ducts
accumilating enthe heataegehrangenisunaoes to preventshe tsaibids from settling and
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a need to mtigate or efimnate e t e heat
No. 5,85 #a8ger Betjat ptrabt alse wases| vibeatickhdryedirectly dinking a mechanical

vibrtoB 3 A S ied SR BS05S o Lo S Ipecatced
mountih%’vé:%@fng}& [tQPJtﬁi inaRe&HA Qﬁctgrfpogiﬂéﬁf‘@c&fm%%ethat would not be
Iivention relate to a process tor 1 nducing Shear waves
suitablafipraareexisting systefmce of a heat exchanger to interfere
with fouling
[0009] Thus, there is a need to develop methods for reducing in-tube fouling,
particularly for use with existing equipment. There is a need to mitigate or eliminate
fouling while the heat exchanger equipment is on-line. There is also a particular need

to address fouling in pre-heat train exchangers in a refinery.

BRIEF SUMMARY OF THE INVENTION

[0010] Aspects of embodiments of the invention relate to a process for inducing

shear waves adjacent the surface of a heat exchanger to interfere with fouling

mechanisms.

[0011] Another aspect of embodiments of the invention relates providing a process

that can be implemented in an existing system, such as a refinery.



mechani snms. [0011] Anot her aspect of enbodi nents of
the invention relates providing a process that can be
w0 ppas@ot ed i n an exi sting system such as a PCT/US2007/011827

refinery.[0012] An additional aspect of enbodi nents of

the invention relates to practicing the process of

mtigating fouling while the heat exchanger is

operational. [0013] These and ot her aspects can be

realized by the present invention, which is directed

to a process for reducing fouling in a heat exchanger,

conprising the steps of providing a heat exchanger
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00121 ) A #ABRIGHRA st O epBUaRcn® o e dnIPMg Mlates o practicing

the proteshanhiifipafing feuling Wiklefthy dkatexcHdanper & ep&atiohal.
i nduce a vibration in the tubes that causes shear

notion in the liquid flow ng adjacent to the tubes to

reduge faouli f t . l.yi t.he .. .o
f0013) 2 ikt it Bffel aphie 518 BRcrep Pod b BB ety MEcption, which is
directedftof Dpfstebd fonfbduRifO fullg Bla Welt @tdHangkr, IuhEising RBe steps of

process can al so include sensing vibrational energy

providingja dwat iexchargeruwith tuhes 5o liguidhfowoand @ fized heunting element
applicatiqn, of force based on the se d vibratianal .

that i e Wbt R FApriREC rames ar AL ptee 8 Ber iR mounting

elemerit’ RAUeNYE 8 vibPAorian OtheOhRk Sthat [AHI&] sibsr ARAINISahe liquid
force can be applied directly or indirectly to the

flowing jadgacend tnthenigibes soreeducgfauling dféhepghesed in an axi al
or transverse direction with respect to the tubes. The
nmechani cal force can be applied by a dynam c actuat or

[0014] OF APty tIRChEBhAHISal foR6d Mtk ntFoifiRB!the a?glication of force
~hammer’, "a shaker or a piezoelectric stack. [0016] The
to indeatcantutitady eribrationbk enesgpel | -Tihgbproveess et halsgemchideh sensing

.. .the tubes faornmed.as.a tube bundlLe and the fix .
vibratiGg CAGTEY GIOGHERE Mo HeRIbRS Y, AUSERE SO TlniE therggplication of
force HAa88H S ARSI edCMbrgo] &iergy.] NYitiaabn el§°é&?€8ﬁ[ly' &fective at a

pl ace in a processing systenmand applying the
high frequdrany efal 00®bHzeorqgmeatenc| ude retrofitting the existing

heat :
[0015) The mechanical force can be applied directly or indirectly to the fixed
mounting element and can be applied in an axial or transverse direction with respect to
the tubes. The mechanical force can be applied by a dynamic actuator or array of

actuators, including for example, a hammer, a shaker or a piezoelectric stack.

[0016] The heat exchanger can be a shell-tube heat exchanger with the tubes
formed as a tube bundle and the fixed mounting element formed as a tube-sheet
flange. The heat exchaﬁger can be an existing heat exchanger in place in a processing
system and applying the mechanical force can include retrofitting the existing heat
exchanger with a dynamic actuator. The heat exchanger can be on-line in a refining

system.

[0017) The invention also relates to a kit for retrofitting a refining system having a

heat exchanger fixed in place. The heat exchanger includes a tube bundle of tubes for



exchanger with a dynam c actuator. The heat exchanger
can be on-line in a refining system [0017] The

WO pwensdedn al so relates to a kit for retrofittPeyuUs2007/011827
refining system having a heat exchanger fixed in
pl ace. The heat exchanger includes a tube bundl e of
tubes forflowing fluid therethrough to effect heat-
exchange and a flange for supporting the tube bundle.
The kit conprises a dynam c_actuator including a force
produci ng device with an ac?uator and a nounti ng
devi ce for connecting the force produci ng device to

ﬂowiné Igﬁﬁgg?%rgﬁéﬁ%ﬁgﬁqs gff}ég’% ﬁgaf ﬁgg apgrbdtgﬁtléé) F(Str ﬁijé)p%rtmg the tube
bundleacThskit rcohﬁpﬁwssaediﬁmnfdﬁdtﬁatﬁf EbIGHING 4 eorce ?)rbﬁuctlﬁ?ld‘e@lce with
a controlled application of vibrational energ

an actyajpeand @ mwdinghdayicador senpacting the dorcg pr ngg device to the

net oHBEE b8 g LS P8 LA B st o

controld €§® "EtIBA O Calidte thé afopee | Ip%oaaﬁln nabme v txhdhb@ a controlled
detai |l ed description and appended draw ngs.. BRI E

applicatiosCr wrbramlqual THErERAN HeSttes 19] caise shanQimnmm Ithe liquid
con t he acconpanyi ng
ﬂowm%la Cﬁﬁgée EE# ?58'?5 ol’lfl?f ofmﬂl%gép?r de perspective

vi ew of a shell -tube heat exchanger; [0021] FIG 2 is

a side view of a shell-tube heat exchanger with a
[0018] necAdwse andyotheraspedts, oH that nwnneysmﬂ becane apparene when taken
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vibration systemlocated at the tube-sheet flange and
posi ti oned axi al ITy W th respect to the tube bundl e;
BRIEFIDBSQIRIPIIEON QIS THITE DIRAWINGS i ¢ vi ew of a heat
exchanger with the nmechanically induced vibration
system | ocated at the tube-sheet flange and positioned

[0019] T AMH¥§AS&AtIon will now be described in conjunction with the accompanying

drawings in which:

[0020] FIG. 1 is a side perspective view of a shell-tube heat exchanger;

[0021] FIG. 2 is a side view of a shell-tube heat exchanger with a mechanically

induced vibration system in accordance with this invention;

[0022] FIG. 3 is a side schematic view of a heat exchanger with the mechanically
induced vibration system located at the tube-sheet flange and positioned axially with

respect to the tube bundle;

[0023] FIG. 4 is a side schematic view of a heat exchanger with the mechanically
induced vibration system located at the tube-sheet flange and positioned transversely

with respect to the tube bundle;



with respect to the tube bundle;[0024] FIG 5 is a

side schematic view of a heat exchanger with the
wore@hasieenl |y i nduced vi brati on system | ocat edPCEIB1001/§11827

with respect to the tube-sheet flange; [0025] FIG 6

Is a schematic drawing of the inside of a tube show ng

axial wall vibration; [0026] FIG 7 is a schematic

drawi ng of the inside of a tube show ng tangential or

torsional wall vibration; [Q027] FIG 8 is a schematic

draw ng showing lift, drag and shear forces inside a

vi brating tube; and, [0028] FIG 9 is a graph show ng

res 0 t e [ [V .

t0024) (OIS 3 oAb e, SRR ok RhehD e dnler SRR BB mechanicaly

inducell 8ipRtRINUYStdA Tocdted demadtdly Rt Rebpact tonthel thbesheeCRsnge;
fouling. [0029] In the drawings, [ike reference

nuneral s indicate corresponding parts in the different
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vibratiéht i gating fouling in heat exchangers, in general, and
the devices for practicing the method. In a preferred
use, the nethod and devices are applied to heat

exc S used in.refinin 0CesSSes, . such as i.n .
tooz6) o PREOHR 4 St flanBo R8BSR s S Foviflg tangential or
torsionhDWalllviBatisn;particul arly suited for retrofitting

exi sting plants so that the process nay be used in

exi sting heat exchangers, especially while the heat

exc ger.is aon line ,and.in,use. Q..cqurse, il is ..
10027} °5 BT i ¥ sfimpatd PP Rinen s imectife S v shee fpgees inside a
vibratiﬁ%@ﬁﬁé;tahﬁ;c’ and heat exchangers, particularly those

that are susceptible to fouling in a simlar manner as

experienced during refining processes and are

inc enjent to take off line for repair and . .
10028 ¢ ERGREP (oo Eranhi O VRESTRUB PR, Ao st RiSedeqn the inventive
concep®xshdWing 17}58 aBRmpetdtulS cRASE: BASIAPL G A temperature for standard

runs and a run with reduced fouling.

[0029] In the drawings, like reference numerals indicate corresponding parts in the

different figures.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0030) This invention is directed to a method of mitigating fouling in heat
exchangers, in general, and the devices for practicing the method. In a preferred use,
the method and devices are applied to heat exchangers used in refining processes, such
as in refineries or petrochemical processing plants. The invention is particularly
suited for retrofitting existing plants so that the process may be used in existing heat
exchangers, especially while the heat exchanger is on line and in use. Of course, it is
possible to apply the invention to other processing facilities and heat exchangers,
particularly those that are susceptible to fouling in a similar manner as experienced

during refining processes and are inconvenient to take off line for repair and cleaning.



initially manufacture a heat exchanger with the
vi bration i nducing devices described herein and use
wo b@7medebpd i n accordance with this invention POI/NE2W07/011827
installations. [0032] Heat exchange with crude oi
i nvol ves two inportant fouling mechani sns: chem ca
reaction and the deposition of insoluble materials. In
bot h i nstances, the reduction of the viscous sub-I|ayer
(or boundary Iayer) cl ose t? the wall can mtigate the
fouling rate. This concept™ 1S applied in the process
according to this invention. [0033] In the case of
chem cal reaction, the high tenperature at the surface
of the heat transfer wall activates the nolecules to

{0031} f or Whileahissidvenfion dahebd asdd 1D ekRsingUsstdrhs,tifés also possible to
precursors are not swept out of the relatively

mmallsm@mefacumm heatgxohangereyith the &ﬁ%@«pm@dw@ggt¢¢é/aC§n@|escrlbed

herein G 155 ki gttt cora WA S ElvehfiBnR AT b o

hence reduce t he anobunt of precursors available to
forma fouling residue. So, one way to prevent
[0032] adhé&leat exchangeowdihsemde aih meqle t\ay emp@lrtanh dogling arerhanisms:

chemlctag ﬁﬁ%&f\‘%ﬁ Iatgge ex&osur ol ' lll,lﬁo?% I[ ﬁ:ot{: hlgstances the

reductlBh%l‘Bﬁﬁ: VREb LI §b YA RIra(or %Lhﬁﬁry\@é;erj Ql@s@ut%eth% wall can mitigate
disruption in the filmlayer. [(0034] In the case of

the fouling rdtgp oEhisicomcept israpyilisd| in thaipemmls accarding te thisanvention.
the boundary layer will increase the shear near the
wall. By this, a greater force is exerted on the

[0033] | NSO ¥Rt @afAbF ChbBfcdl9RActdif tHeHigh @erﬁ}é@fa@@féeattthe surface of the
particles attractive forces to t

heat transforstall @etivatels theenoleveles ito fiorm ippeaitrsonrs fot théfouwdinig residue. If

in adrectio artot e radi us of the.t
these REP{tSGRLA BOLARAPLB ! THinEe IR BT HAE oMo Eogig they will
assocndt@tt %&ng bhii depobiti Sn Whé wA18d UL &relifiBridh Urede! Béﬂnd?ifry layer will
Ition and | ncorporation into the fouling residue.
reduce [tﬁé)ﬂﬁ]:kﬁﬁserfrﬂuagstagnam eeginavandglsendél rédude theoamoant of precursors
(i nvent i or}a .Shel | - ubeS %
available to form a fouling residue. So, one way to prevent adherence is to disrupt the
film layer at the surface to reduce the exposure time at the high surface temperature.
In accordance with this invention, the process includes vibrating the wall to cause a

disruption in the film layer.

[0034] In the case of the deposition of insoluble materials, a reduction in the
boundary layer will increase the shear near the wall. By this, a greater force is exerted
on the insoluble particles near the wall to overcome the particles’ attractive forces to
the wall. In accordance with the invention, vibration of the wall in a direction
perpendicular to the radius of the tube will produce shear waves that propagate from
the wall into the fluid. This will reduce the probability of deposition and

incorporation into the fouling residue.

[0035) Referring to the drawings, FIG. 1 shows a conventional shell-tube type
heat exchanger 10 in which a bundle 12 of individual tubes 14 are supported by at



heat exchanger 10 in which a bundle 12 of individua
tubes 14 are supported by atl east one tube sheet

wo b@ngas6d6. The bundle 12 is retained wthin aPches1007/011827
18, seen in FIG 2, that has an inlet and outlet (not
shown) so that one fluid flows inside of the tubes
whil e another fluid is forced through the shell and
over the outside of the tubes to effect a heat
exchange, as is known. As scri bed above in the
background section, the wal? surfaces of the tubes,
i ncl udi ng both inside and outside surfaces, are

' li : Al | t .
cast of S8 YR $HL ¥ 5t 125K G 4SHER'AK! s in
FIG. 2/ thodias zedidlyt admtlet (notdsliwewy) s&ithat ome fled fRavs inside of the

exchanger art that while a _shell-tube exchanger is
tubes vduleanother ke is, fersed theoushnthg, shedlansliprenthe episide of the tubes

[ NV [ . || ed ny.. 0 xch [ tfac .
to etfedt A ilreRnaiih, 45 1RRRREG, AR AP IER LG AR MacddrOBEE soction,
the wall GOrfcBg| of théeubeyemidlalingh Wot Riddand Buthde t furfaces, are

shel | -type exchangers. [003 FIG 2 shows a preferred
Susceptelﬂsdeifﬁéﬁng@r th¢raceumulationrof ynwinted hy dagerthpn based deposits.

actuator 20 is added to the heat exchanger 10. The

dynam c actuator 20 is positioned at the flange 16 of
[0036] t heTtewdil HedfdcobfliAed byRBbde 66 drdidakredkull b aht Heat exchanger art

energy to the tubes 14 of the bundle 12. A nounting _
that while\d %@llzmbec@xqmaegex isedasgribed berainastaprexzonplary hmbodiment, the

. .flan 16. JA.controller 22 is preferably in
invention B3R Bl B iy hord et SaElTR B VAl s dYREH of bpown heat
exchangée dbpicess A@@bﬂcﬁﬂ%@? th&@anbemioeshbanpaot b lihifN&P shell-type
4 coupled to the heat exchanger 10 can be provided in
exchangefsnuni cation with the controller 22 to provide
f eedback for neasuring vibration and providing data to
the controller 22 to adjust the frequency and
[0037] anPFIGUg_heWshHpredbrrtd @ntbtiHent 3¢ the iiVend@nl B WRIEHEY Bynamic
shear waves in the fluid adjacent the tubes to
actuatoni2fiigardded dalthe eahexchamger d)ziTie dirameygadtuatored(¥F iscpositioned
f th |.ied force on the structure

a integrity.
at the Hapges 670k thes REFIHIESF 12t SMPBE SRR Id5pHena} enerey to the
tubes 1#'6TA8E indié 18! YirABuhg device 21 couples the dynamic actuator 20 to

the flange 16. A cdntroller 22 is preferably in communication with the dynamic

actuator 20 to control the forces applied to the heat exchanger 10. A sensor 24
coupled to thé heat exchanger 10 can be provided in communication with the
controller 22 to provide feedback for measuring vibration and providing data to the
controller 22 to adjust the frequency and amplitude output of the dynamic actuator 20
to achieve shear waves in the fluid adjacent the tubes to mitigate fouling while

minimizing the negative effect of the applied force on the structure integrity.

[0038] The controller 22 can be any known type of processor, including an
electrical microprocessor, disposed at the location or remotely, to generate a signal to
drive the dynamic actuator 20 with any necessary amplification. The controller 22 can
include a signal generator, signal filters and amplifiers, and digital signal processing

units.



el ectrical mcroprocessor, disposed at the |ocation or
renotely, to generate a signal to drive the dynamc
wa@edaonases7 20 wi th any necessary anplificati on. PqI®S2007/011827

controller 22 can include a signal generator, signa
filters and anplifiers, and digital signal processing
units.[0039] The dynam c actuator 20 can take the form
of any type of mechanical device that induces tube
vi bration while maintaining,structural integrity of
the heat exchanger 10. Amy’aéVice capabl e of
generating sufficient dynamc force at sel ected
frequenci es woul d be suitable. The dynam c actuator 20
can be single device, such as an inpact hanmer or

[0039] el e(heodngamic acalmbée 20 cin askarthayfopin 0€\:dnyesypesufhnechanical
as hammers, shakers_ or piezoelectric stacks. An arr

. : ers. : An array
device dhat padugesttuke ibmtian whileemaiptajpingr dructurad igtegrityg Of the heat

o . . . br ot |

excharB930, A5 ok oSS AR BT BB o g selcte

frequemcies seshld dreasudiable. oMhe g nkitiie a@fuddmmicanibétsiﬂ%wd&ﬂce, such as
The nmounting device 2 1 Erovides a mechanical [ink

an impagtyBammefe Ofy plesfromagngtic ophakera iy eReamaxt OE xdqvipRfer such as
. be. ' heat _| { -Sshi.ek-d. .
nammal, s P EERE 8818, 50l o BE b8y Ehiouca o
genera®d the dwgired/dyednis sipie it6 Athiek8 8. opliiAaN VbRt ol dmtjfmﬁ@cy.
2 1 could also function as a nechanical anplifier tor
the dynam c actuator 20 if necessary. [0041] The

(00401 0" sEfiAUR. Mounfind MeiFe RIGEH 1 i) uBhSqiBE DA 30E type of
dynamiteadianior 20. | TRK micuniihg deies 2 1 provides bl mb&antéal link between the

provides a direct mechanical |ink to the tubes 14. The
dynamiq petyptor 29 andithscha® axshanger t@ibltecandbadesignedas a heat insulator

to shicGPAREALHARIL BERTA"T i WRkRGu Tsonif oSl e fomead as o
seismid"RR8NI TR mouhtifkatvie: b heoultP@Rko fRctien R fechhfical amplifier

header supporting the heat exchanger would al so be a
for the diynaatit ectuaten 20 fepessarg. dynami ¢ act uat or 20.

Vi brations can be transferred through vari ous

structures in the

[0041] The dynamic actuator 20 may be placed at various locations on or near the

heat exchanger 10 as long as there is a mechanical link to the tubes 14. The flange 16
provides a direct mechanical link to the tubes 14. The rim of the flange 16 is a
suitable location for connecting the dynamic actuator 20. Other support structures
coupled to the flange 16 would also be mechanically linked to the tubes. For example,
the header supporting the heat exchanger would also be a suitable location for the
dynamic actuator 20. Vibrations can be transferred through various structures in the

system so the actuator does not need to be directly connected to the flange 16.

[0042] As seen in FIGs. 3-5, the force applied by the dynamic actuator 20 can be
oriented in various directions with respect to the tubes in accordance with this
invention. FIG. 3 shows an axial force A applied directly to the flange 16 of the heat
exchanger. FIG. 4 shows a transverse force T applied directly to the flange 16 of the

heat exchanger. FIG. 5 shows a remote force R applied to a structural member



system so the actuator does not need to be directly
connected to the flange 16. [0042] As seen in FlGs.
w@2m®;/184se7 f or ce applied by the dynani c act uat oPCROSaN011827

be oriented in various directions with respect to the
tubes in accordance with this invention. FIG 3 shows

an axial force A applied directly to the flange 16 of

t he heat exchanger. FIG 4 shows a transverse force T
applied directly to the flange 16 of the. heat

exchanger. FIG 5 shows aTémte force R applied to a
structural nenberconnected to the flange 16 of the

heat exchanger. Al _.of the above appl cations of fance..
connecfighia T LEUTHeabS Tl A GEPRELS bR PEPavs flications of
force WoRES tfe‘l-su ableO URdC BRI ahiass BbrdiRizeis Ak dnitRs UpLd Various
as wel For exanpl e, both transverse force and axi al

combisdatiams cfiforbe capfl bedised dsrwelt.ec Fouaixamplesboth transverse force and

i oL 2 0 2050 S5 ST} S0, SFI IR LRI ot
directl% ES tRETAnEe A6 {:ﬁ{d) forkk appiealrefibieRRE belRRANG Qe amount

e system application, 'the force would be controlled
or type of vibratien induveds tDepndizg onrthe gystem agpplidationg the force would be
xchanger, particularly the bun 2. . The,force coul
controfjed 49 ghpBtaigohe; ﬂa&fg{%f igpegriy é?’dtjn'i%let]]é‘?ﬁtl %?Echﬁasafs]P%cglaﬂy the
bundid [£_}8Y8rRRAIE B! dbTiciboABRALHANGE idrihiltbhdly.
invention, the actuation of a dynamc force creates
tube wall vibration V and correspondi ng shear waves SW
in the fluid adjacent the wal|s, as, seen.in FLGs.. 6 .
[0043] 50t 17 theabpye APPliERIAASPASCOFAARs AL TS ipKeRRQR, the actuation of
.Ci i r . i - .
a dynsf ' for 0 LALSTER WAN SRl Y A Folrel R SR, bves SW in
the fluidadyskeht thy ovallsgas seen in FI@sL Boamd Ver @etthimtibeovibtation modes

will indgdp Reillalaie ShoRavelegeh GG Reat myaes dTath ot Seshear waves
witl e HEGHY SRR, U STt Y iR 081 i acosc

bound#gdlsgien @antlaal viepy hipgle dynhaniie shearsisesst heargthdowallanfhe dampened
subsequent|y grow ng and foul ing., [ 0044] The i nventors .
shear wayes %&répwh%aekaﬁwswe%)érﬁwgnb@m%t layer in contact with the

inside ﬂﬁ%@lﬂjf&?é, thus preventing or reducing fouling precursors from settling down

and subsequently growing and fouling.

[0044] The inventors have determined through experimentation that mechanical
vibration in accordance with this invention will considerably reduce the extent of
fouling. With the proper vibration frequency, the thickness of the oscillating fluid can
be made sufficiently small so that the fluid within the sub-laminar boundary layer,
otherwise stagnant without shear waves, will be forced to move relative to the wall
surface. The concept is shown in FIG. 8. Shear waves SW near the wall exert both
drag D and lifting L forces on the precursors or foulant particles in the fluid. The
dynamic drag force D keeps the particles in motion relative to the wall, preventing
them from contacting the wall and thus reducing the probability of the particles
sticking to the wall, which is a necessary condition for fouling to take place. At the

same time, the lifting force L causes the particles to move aWay from the wall surface



vi bration in accordance with this invention wl|

consi derably reduce the extent of fouling. Wth the
wW@e@pasesyT brati on frequency, the thickness of PEEBUS2007/011827

oscillating fluid can be nmade sufficiently small so

that the fluid within the sub-lam nar boundary | ayer,

ot herwi se stagnant w thout shear waves, will be forced

to nove relative to the wall surface. The concept is

shown in FIG 8. Shear waves SWnear the wall exert

both drag D and lifting L fidrces on the precursors or

foul ant particles in the fluid. The dynam c drag force

and inf§, 5ERRY ASRT00 FATR40A PARIORR-ELALHIGh 18 D Y8 and furher
minim{zﬁgg \%1 ?oﬁl'i}fg Rindeaby | Hor adpartibR Mleéddych@sersd it6 the wvdll) the shear

whi ch is a necessary condition for fouling
waves atsa enert pishear foxce Shen thenparticles tearing itiaff ifragn e weall if the shear

causes the rti.cl es.to nove a fro he |l s
force. 51008 SRR o TFCHINFRA VR ARCIIRRS OF AT TTAT AP TS, Mithin the
bound$3IaGEE hitlked thERPokE @ fRRliVe 31 ¢ediiihE FoulinB i tHhs thE hidle velocity

foulTng tendency. For a particle already adhered to

effect toifebwiltl flowt. heTlshedhemaresstedngth exfent partichede ther gbeswall in an
OSCillangg;fﬁgng%reéi(f i)gsq){p%%gelcgﬂ%htﬁ Hﬁﬁ%‘é&%‘ﬁéﬂaﬁﬁ'é stle];d§/ hu%i-direction

flow. Tﬂﬁ&,etﬁgidi‘@ﬁﬁn%feffe%oﬁbﬁ@d% WERNMRSs WigHlyeftdgivieoundar y
' ayer makes them nore effective in réeducing fouling

than the high velocity effect of bulk flow The

adheyence strength of ajticle to the t L.in . .
100451 2K E S Rl B b st Bl ot used i
the petrdfurh ninﬂu?tgrg_a@’ bw‘@ FRANL knbWiVas TRUGORNE ot Liquid Process

cleaning e ct of shear waves is highly effective.
Simuldte0{HLPS) fxpbrg tashtsysisn.c ohlki ¢estdappdiadg vibrational excitation to a

neing SIS LS e 435 LM ) B et
excite H& ﬁ@éﬁdnélrga' LR rsufﬁﬂi@@ rd1Qtivé %ﬁ(ﬁ?heﬁ/@énefﬁe fibfy b&& Vibrating
appl red vibrational excitation to a heating rod w th

surfacé hillt maimgidiagaacenthifaleinteyrity aafd hbemal bpattion of the ALCOR
shaker i,el 1gct ed to excite the heati

unit.  shag jap Jee farqupBCYOEANgRd hEORE h flfg%er}?g J_VPMdEQrRPO Hz, and the
acceleli\ﬁ'rt]xfbélgfr"dlrgg ag Efaé E%ﬁrlr%g? "JSS%‘?%??% ﬁ'%é&&ﬂ;ﬁg%ﬁ@lg. Other values of
driving force and frequency are also considered to be effective in minimizing fouling.
The procedure of selecting optimal frequency is to identify a set of the natural
frequencies and modes of the heating rod and to select a driving frequency that is
close but not identical to one of the natural frequencies. Alternatively, a synthesized
waveform can be generated such that multiples of vibration resonance of the heating

rod could be excited.

[0046] The test feed was Arab Extra Light whole crude oil run through the
ALCOR HLPS under once-through conditions at 3ml/min under a nitrogen pressure
using 370°C (698°F) surface temperature to induce fouling. The build up of foulant
causes an insulating effect, much like in refinery heat transfer equipment. The
insulating effect reduces the ability of the heated surface to heat the fluid, and as a

result the outlet liquid temperature decreases as more foulant is deposited. The



unit. The applicable frequency ranged froma few Hz to

20,000 Hz, and the acceleration force at the driving
weoioitddepom a fraction of g to 20 g. O her val Re€rUS$007/011827

driving force and frequency are al so considered to be

effective in mnimzing fouling. The procedure of

selecting optinmal frequency is to identify a set of

the natural frequencies and nodes of the heating rod

and to select a driving frequency that is close but

not identical to one of thel4matural frequencies.

Alternatively, a synthesized waveform can be generated

T A RS 55  G BHAE, 1 sggor
is meaﬁ%g %&%‘%‘3 '-licﬁﬂt(tl‘ﬁb%ﬁn%@g%eirmd. THe dd fifdthd IRIAHER termed

nder. once-t hrough ¢ tions at 3m/mn under a .
ALCOR OmipeDelt2T180e Tise Dplta7DIB( 6ABARIb Fixtfaakight has been typically

~ tenperature to induyce f ing. The. build, up. of foul ant
betwearmudand b3 o BV oA LR st VIR vy
heat transfer equi pnent. The insulating effect reduces
the ability of the heated surface to heat the fluid,

[0047]and (@sing r tisul tabokre ouibiration i opardmieterper atibration was  induced

perpendiedanydp (e dor i Beatias eds diEaia S GQR GuflgbD3ta T180 for
e Ak Sght MHRE bl BTAMER, 8 AaicBtth G15A°C.
shownAIlCERGO®. | thiDetbpresdhts Sdpprokimadelst a fWo-Blirdoreduction in fouling,

Extra Li ght has been typically between, -57_apd -63 0C,
comparigpiboi 6 Attemede yidhoyt Ndratiny aﬂ?‘&n.SI‘EgBﬁ?Pmm in outlet

) . . . ._ \
e 3 O LB T4 i, e, o
the tedti Oath SHWAR IQUFIGT Ietheafolldwiflg Vibratitve phrametoss raere used and

Li ght whol e crude oil_ was observed to be reduced to
measumdg:y froquensy ohcwh] i HE and gecelgrationept dsiving point of 203 m/s’.

Depos B LTREF ot F BAEAE AL B 180

occurrdi @i 1eptthi¢ nvibratdot | Bding eapslical ueepemdionlanbartot tte @od. It is
. of the run may suggest slight shearing occurred. For )
anticipated that more beneficial effects would be observed if the vibration was applied

to the rod axially.

[0048] Based on the vibration measurement and analysis of the tube bundles 12,
the inventors determined that the tube-sheet flange 16 provides an effective
mechanical link to the internal tubes 14 and can be used to exert mechanical
excitation. Sufficient vibration energy can be transferred from the flange 16 to the
tubes 14 at vibration modes. There are low and high frequency vibration modes of
tubes. For low frequency modes (typically below 1000Hz), axial excitation is more
efficient at transmitting vibration energy, while at high frequency modes, transverse
excitation is more efficient. The density of the vibration modes is higher at a high
frequency range than at a low frequency range (typically below 1000 Hz), and
vibration energy transfer efficiency is also higher in the high frequency range.
Further, displacement of tube vibration is very small at high frequency (>1000 Hz)

and insignificant for potential damage to the tubes.



the test data shown in FIG 9 the follow ng vibration
paraneters were used and neasured: frequency of 2.11
whkw7as@9nccel erati on at driving point of 203 PE¢EFRS2007/011827
Deposits had collected only on opposite sides of the
rod, which the inventors believe occurred due to the
vi bration being applied perpendicularly to the rod. It
is anticipated that nore beneficial effects would be
observed if the vibration s applied to the rod
axially. [0048] Based on t'he Vi brati on neasurenent and
anal ysis of the tube bundles 12, the inventors
deternmined that the tube-sheet flange 16 provi des an
effective nmechanical link to the internal tubes 14 and
[0049] can ForlingesitigatRieby viBFdiH Badrangly tddpententSoi fWall @héar stress
. vi bration energy can be transferred fromthe flange 16
induced Pyt acar wayesi 4 Therghose.avalrsheat siyessTiepeedag answohthe primary

. ' f n i bramhl o f rel sy
cesgn Bl 896151 0, DRSS S RBeEE b ieren excitation
methodX CThatwall sheardtf&sedff theit@bé dak torwal Nibiatidg vdrbbalekBmated by

energy, while at high frequency nodes, transverse

the folloxgng®quetions nore efficient. The density of the

vi bration des«wik S./hi r at a high frequency range
than at a In%DCYw ?&ﬁd&%@frange (typically bel ow 1000

where &Zis, a @Bfstanfl @hh@N GREEHYY flui@Ashsity ahllivaseissty, N, & 8 velocity
. higher in the high frequency range. Further, ]
amplitudesof theevweHtvibratiomp endiop istheonirqular eibyatiom flequeney. gAssuming a

fre n (>1000,Hz) and,insigni.ficant f.or potentd al .
rcferen&gﬁg%ig sﬁ%art SHICSS lﬁ?é)g/.%[\ﬁglfg] tli]xg (ﬂrjilﬂé rmnqgaé% %ns%?\ﬂcant, the ratio
of the uBE adwiafiNshéarsitr&d3ty tHEPEEIeMttaffet WAl bxph3¢d By ¢BS following

_induced by shear waves. Therefore, wall shear stress

equatiang used as one of the primary design paraneters to

quantitatively ev t/he, effectiveness of different

excitati on e %Eo&wu@)h;) b@?llc%ﬂear stress of the tube

due to wall vibration can be estinmated by the

foll ow ng equation: tw CVWW(pnw)
[0050] In accordance with the experiment described above, in one example a

design target for wall shear stress was selected by using a calculated wall shear stress
ratio of axial and transverse tube vibration by a 750N dynamic force applied axially
(parallel to the tube axis) on the flange. The same amount of dynamic force was also
applied transversely (perpendicular to the tube axis) on the flange. It was shown that
in both cases tube vibration could be excited to a desirable degree for purposes of
fouling mitigation at most vibration modes at which the wall shear stress ratio is >1.0.
The displacement amplitude (in micrometers) of tube transverse vibration was
generally much smaller at frequencies of above 100 Hz than the maximum allowable
: vibration displacement, which is typically around 0.025 inches or 600 microns for a
design that avoids tube damage by vibration. For frequencies above 1000 Hz, the
dynamic displacement of the tube is negligible.in terms of potential vibration damage

to the tube and supports.

[0051] It is advantageous to use high frequency vibration for fouling mitigation

because (1) it creates a high wall shear stress level, (2) there is a high density of



where Cis a constant, p and mare the fluid density
and viscosity, W is the velocity anplitude of the
wa00l7/1866BT ati on, and w is the circul ar vibratiBeI/US2007/011827
frequency. Assunming a reference wall shear stress
above which the fouling mtigation is significant, the
rati o of the tube wall shear stress to the design
target is expressed by the following equation: t /tref
= (W Vref) V(w wef) [0050] In accordance with the
experinment descri bed above‘,1 T one exanpl e a design
target for wall shear stress was selected by using a
. .cal t r 146 i A .
virat AR B9 B hohE SLERSR il 18] HlerdBlew displacement
of tub&pibiatidnapy ldintaiahelstelcniral ihegtivpdfake Deadrexchnger, and (4)
flange. The sane anobunt of dynamc force was al so
there isp o weffensiyespeisedevel( per pendi cul ar to the tube axis)
on the flange. It was shown that in both cases tube
vi bration could be excited to a desirable degree for
[0052] pur Ses&ticy of Qbé iprecist trhedhting 18¢atios tdivédiion, i@ ARAMEr of the
at which the wall' shear stress ratio is >1.0. The
dynamif} gptuatersell andptantraleof] the fequomest of she mplitude of the actuator
transverse yibration s.general ly much s l.er. at .
output i Based o dnduping eonebidbevibilion to-Canie shifisist Sieas rotion of
the fluid Bea! iRNubeSRhAGB'RAhce WU Mg, Whilk m&ﬁtﬂ%/t&r 8ispthcement of the
0.025 inches or 600 mcrons for a design that avoids
transversg duble meibzatign \smalkt oo avoith potendipl etibee damiagee Mipviously, the

et AT oS GBS i s LR S o
existing HeRP ekShaldd@ A, ahld dctuAfdidAhaERAHD] bF tHE AyRhflic actuator can be

] re\g};{ency vibration for fouling mtigation because (1)
practiced whideiths exclvingervalin plaeeaand onekise.| Sin¢g the2jubiershreet flange is

is a high density ofvjbratiqn no for.ea t uni ng, of ..
usually, edhstintl BT aftoslof Papiis BRFTod R apE disghenthaheer is in
o N o ' ) " ! : _
servicc PROHE A O ALV ko iy HE AP LR 4y hin e
flow omthiesmal egmditions of the bulk flow.

[0053) Various modifications can be made in the invention as described herein,
and many different embodiments of the device and method can be made while
remaining within the spirit and scope of the invention as defined in the claims without
departing from such spirit and scope. It is intended that all matter contained in the
accompanying specification shall be interpreted as illustrative only and not in a

limiting sense.



[ 0052] Sel ection of the precise nmounting | ocation,
di rection, and nunber of the dynam c actuators 20 and
weonnaeypf the frequency of the anplitude of PEEUS2007/011827

actuator output is based on inducing enough tube

vi bration to cause sufficient shear notion of the

fluid near the tube wall to reduce fouling, while

keepi ng the displacenent of the transverse tube

vi bration small to avoid potent| al tube damage.

Oovi ously, the addition of -d3dynami ¢ actuator 20 can

be acconplished by coupling the systemto an existing

t exchanger 10, and actuation and control of the

CLAIYSani ¢ actuator can be practiced while the exchanger

is in place and on line. Since the tube-sheet flange

is usually accessible, vibration actuators can be

| bst al Kepromess Eortredutimat fomkinggdngeheat excharygary camprising:

Foul i ng can, be reduced t hout ,podi f t he .heat
e hangEmIging G GRERGIE oIty ubes nar 1EBHA: fPpnand a fixed
mounfih teﬁ‘eempﬁilht!ﬁa{ E%\ﬁor&@t@n@% %@“ ous nodi fi cat| ons can be
g ntion

éscri bed herein, and many
differ eplblym@admeehmﬁcwlf farbe tolehe ct'ﬁ:edrndlouatlhgcblemanbﬁo induce a
pade while remaining wwthin the spirit

vibratioye in A #besn s CaBFeBkearmpHEn d aﬁhﬁshwﬁhﬁevp hig Sdjacent to the
tubes ?ﬁ gtéﬁéﬁe{]ﬁnﬁ{rfg% e s Whe‘?&ﬂha;ﬁﬁgﬁx tHe in@chititR0ftce includes

mat ter contai néed I n anyi ng
contrallingithe applicaticrhaf forbe to iducerantrblles vibratiimadehergy; and
only and not in g limting

sense, CLAI MS:, 1.
for” r oBsiRg ViFanPRA! PRErEYHBRCG i ey Bibes ﬁp@c{gm@g control of
the apgthﬁgt'rl Bg ggrc%%tsgg )SQQﬁP%gﬁs%H %'%ra%t%ﬁﬁ efng Jquid flow

nmount i ng el enen suppor t he tubes;
applying a nechanical force to the fixed nounting

eI ement _to induce a vibration in the tubes that cause
shear ABEiRFOCESS Phelainydi vhersin pyoviding @qhe@toew@nger includes

providifB iR AHUEE Bbl B Ol iBES foe 54 4 ABB'DAR and the

fant cal 1 ofce
fixed mounting element formed as a tube-sheet flange.

3. The process of claim 1 or 2, wherein applying the mechanical force

includes applying the force directly to the fixed mounting element.

4. The process of claim 1 or 2, wherein applying the mechanical force

includes applying the force indirectly to the fixed mounting element.

5. The process of claim 1 or 2, wherein applying the mechanical force
includes applying the force to a structural component connected to the fixed mounting

element.

6. The process of claim 1 or 2, wherein applying the mechanical force

includes applying the force in an axial direction with respect to the tubes.



controlling the application of force to induce

control led vibrational energy; and sensing vibrationa
wer@rggeedhnduced i n the tubes and adj usting cone€DUSN7/011827

the application of force based on the sensed

vi brational energy. 2. The process of claim1, wherein

provi di ng a heat exchanger includes providing a

shel | -tube heat exchanger with the tubes fornmed as a

tube bundl e and the fixed nounting elenent forned as a

t ube-sheet flange. 3. The pldcess of claim 1l or 2,

wher ei n applyi ng the nechani cal force includes

a,f)glnéi#ge Epr}%?%sgé gl i ect l é,a}v x(ieelgra)l(peg ngeﬂ'éeif %echanical force
includ? }caiefl _ H%m@fd?éé hﬁﬁ't&ﬁ{sv%&%c(ﬁréd@ﬂn%@ﬁﬁ r@%c‘t’ k& thd ﬁﬁ)es
or in o the .

irectly t I xed nmounting elenent.
process of claim1 or 2, wherein applying the

chanj force includes applyin e forc
& ucttﬁ%u PEQﬁ?ﬁ%n@?ﬁoa AR § tﬁﬁef pi&sd }Pcﬁm‘?lP%S wherein
n
apply B fiE Mechd ecwéeﬁ%ﬁﬁ?@e?%ﬁﬁi@ﬁ.hﬁc fforsic RIGARED, |
force |n an axial direction with respect to the

tubes 7. The process, of Ia| 1. or 2, erein ap i ng
e moEREPIOSEST GHc elaic By Jubs eigifh| SAHEPIIRG sy @Bgi datiph of the

mechatn'i@aﬂ S%%esﬁlc%%ﬁfscédn%bl%g ‘é§ tantdoargpﬂttfdéb&ftﬁs@of ﬁbeedynamlc

rocess accordi ng anyon e precedt ng cl al
acuuumhereln appl yi ng the nechanlcal force includes
actuating a dynam c actuator. 9. The process of claim
8, wherein controlling the application of the

Rf han—rg@l pro%&e olfn&l%#g% CRUrERI lcbRgol 1 Llfﬁé‘ C%ﬁ@lkq)cy includes

anpl i t ude “‘out put dynam ¢ actuator.

inducipgadbssionfatcl lallgmf% wdiry el 000NHE drigragtet.he frequency
i ncl udes i nduci ng VI bration at a high frequency of

1000 Hz or greater.
11.  The process of claim 1, wherein applying the mechanical force includes

actuating a shaker.

12.  The process of claim 1, wherein applying the mechanical force includes

actuating a piezoelectric stack.

13.  The process of claim 1, wherein providing the heat exchanger includes
providing an existing heat exchanger in place in a processing system and wherein
applying the mechanical force includes retrofitting the existing heat exchanger with a

dynamic actuator.

14.  The process of claim 13, wherein providing the heat exchanger includes

providing a heat exchanger that is on-line in a refining system.

15. A process for reducing fouling of a heat exchanger in a refining system,

comprising:



11. The process of claim1l, wherein applying the

mechani cal force includes actuating a shaker. 12. The
wEe@ces®IDf claiml, wherein applying the neche@i/vsi007/011827

force includes actuating a piezoelectric stack. 13.

The process of claim1l1l, wherein providing the heat

exchanger includes providing an existing heat

exchanger in place in a processing system and wherein

appl yi ng the mechanical forge includes retrofitting

the existing heat exchangéﬂ With a dynam c actuator.

14. The process of claim 13, wherein providing the

heat . el U ‘ '
et SURAT AT AP SRRl B A o a e

bundlefstfrrdifiiedi 5yg af el ReheRbindligidt flews iantiertubés and ekdiid the tubes
system conpri si na: provi ding a shell-tube heat

in the shieblhang erfixastubgi shyet Gpoge thatsnpass she thesbund e
?ubes A 8 iR 0T e R oS SRt b go induce a

vibratiét B8 -1hBa8bed Hft0GasBR sheaPRPtion fhéhd UBARI fRFFLY MXMR tubes to
nmechani cal force to the fixed tube sheet flange to

reducei fouling of vhd tabésorwlhereinhthe mrobanical foresissapplied by a dynamic
N rrptié;n inthe liquid flowng in the tubes to reduce
actuatary@gd o of the tubes, wherein the mechanical force is

appl i ednkblitngl HRgikEcPand BiPlitudd BuRi 0T the dPHamic actuator.
frequency and anplitude output of the dynamcC

actuator. 16. The process of claim 15, wherein
pl yi t he nechani cal faqrce,includes diregtl .

M Rpac iy WAGSE; PoqcleIonovhersinndEplyine e Mydpical force
includé%fdii:écﬁlgmn%-éaqt gl filxPRibkidh@et AignpEChani cal force

includés indirectly inpacting a nehber that is

structurally connected to the fixed

17. © The process of claim 15, wherein applying the mechanical force
includes indirecﬂy impacting a member that is structurally connected to the fixed

tube-sheet flange.

18. A kit for retrofitting a refining system having a heat exchanger fixed in
place, the heat exchanger including a tube bundle of tubes for flowing fluid
therethrough to effect heat exchange and a flange for supporting the tube bundle,
comprising:

a dynamic actuator including a force producing device with an actuator
and a mounting device for connecting the force producing device to the heat
exchanger fixed in place; and

a controller connected to the dynamic actuator to control the actuator to
cause the force producing device to induce a controlled application of vibrational
energy to the tubes to cause shear motion in the liquid flowing adjacent to the tubes to

reduce fouling of the tubes.

19. The kit of claim 18, wherein the mounting device connects to the flange

that supports the tube bundle.



tube-sheet flange. 18. A kit for retrofitting a
refining system having a heat exchanger fixed in
w@bk@ca3eshhe heat exchanger including a tube burdi/esmwbr/io11827

tubes for flowng fluid therethrough to effect heat

exchange and a flange for supporting the tube bundle,

conprising: a dynam c actuator including a force

produci ng device with an actuator and a nounting

device for connecting the force produci ng device to

t he heat exchanger fi xed Fd%ﬁrace; and a controller

connected to the dynam c actuator to control the

actuator to cause the force produci ng device to induce

a controlled application of vibrational energy to the

bgbes 1 @tSer Tnfal THt wWaieréin the hoguiidg f Hevicagconnects to a

adj acent to the tubes to reduce fouling of the tubes.
structutdl mEmbek conoected 40 the Bangp thatisHppods fegAbe RIS ce

connects to the flange that supports the tube

bundl e. 20. The kit of claim 18, wherein the nounting

3qVi CergORAQAtdaing 18, SWhedsinuhe kifkidedes-o sasvirdfl dommunication

the flange that supports the tube bundle. 21. The Kit
with tieé cohtrohted 8hatibenrsats todhgiheat pchangen ie; spRYY Vibyational energy
. ﬁonqﬂniﬁ%%ion with the controller that connects to the
induceddnithe {d¥eSnger to sense vibrational energy induced in

the tubes. 22. The kit of claim 18, wherein the force

produci ng device is a shaker. 23. The kit of claim18

#M2er eiFhe kit of wlaien pBodheiain thie forse preducipealeyigedista shaker.

st ack.

23. The kit of claim 18, wherein the force producing device is a

piezoelectric stack.



