PREPARATI ON OF 3- AM NO- S- ( CYCLOBUTYLMETHYLI -
2- ( HYDROXYi - PROPI ONAM DE HYDROCHLORI DE FI ELD OF THE
WO DERAASCN The present invention relates to a PCDUSXNE7/025822
for the preparation of 3- -1-
(am no) - 3-cycl obut yl net hyl - 2- hydr oxy- pr opi onam de
hydr ochl oride, an internedi ate useful in the
preparation of the HCV protease inhibitor ( 1 R5S)-N

[ 3-am no- 1- ( BRAPIONREMUATIOR SYSTEM ORYTH: 3-[2(9)
Y @ﬁg@ﬂgpgm CONTROL OF FREQUENCY AND AMPLITUDE

utyll- q.e-dinethyl-Sazabicyclo[ 3.1

. 0] hexan- 2(S) - car boxam de. BACKGROUND Hepatitis -C
virus (HCV) is a (+)-ense single-stranded RNA virus
BAEK GROUNBENOFTPHEGNVENIION'e mej or causative agent
I'n non-A, non-B hepatitis; an HCV protease necessary
for pol ypeptide processing and viral replication has

e EJL geﬂ:{l Egi tﬁ 7, 012 066 di scl oses a genus of HCV
ot includes ( 1

R 5S)-N-[3-am no-1

-(cycl obut yl net hyl ) -2, 3-di oxopropyl ]-3-12(S)- [[[(1
[0d0Tyi metThik atvattioATeReds @adéwaéltha@aﬁ}at% vibslitigRbh¥hergy and
- oxobutyl]-6, 6- dinethyl-3-azabicyclo[3.1
to opnizabof m@synmgyb &Qmmdentld)mﬁlrﬂgertrhkatcﬂ touthe wselof controlled
fornmula Formula 11, US2005/ 0059 OO p bl i.shed March 17,
vibyggonal energys espeeipllyite the u Yibratimag paegy o

nfu'tlggt B%‘ﬁ% ﬁrheéﬁggﬁ%‘gz 8?11%%%??@? Fusda %gbﬂf of ﬁfﬂit&:ﬁrtpgleat

K DRSPS f’lh rth@il ,
eAd di t | onal I%s p ugli llﬂesélpeég uaérge@ggt%gg? 8 Irét?)rll§‘lltl;gzs?t zlhgfny etrOChemlcal

p005./ 0149459, filed Novenmber 13, 2006, discl oses

oxi dation processes forpreparing the conmpound of

Fornula . thhods for preparing diastereoners of the
: e di sclosed in Published U S.

A ' No——2005/ 0249702, fil ed Novenber
10 2005. Publ [ shed U.S. Patent Appl i cation No.
2005/ 0020689, filed January 27, 2005, di scl oses
[Qﬁ(lﬁjess éélbfalrorplseusad umg variety of processes, including manufacturing,
(am n(RﬂS cycl obut | met hyl - 2- hydr oxy- propi onam de
pﬁs}tfﬂlé%tm W gentreb pag gjn&rgudqﬁ@smg doe pyamplaeVihmtipn has also

been used to prevent particles from settling or accumulating on certain surfaces.
One such application is directed to mitigating fouling of equipment due to the
build up of material on surfaces that interferes with normal operations of the

equipment.

[0003] 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 hydrocarbon-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



ester. In general, the conpound of Formula Il is
prepared in accordance with the process of Schene I,
WEOHENESK3 wher ei n t he conmpound of Formula |11 P&I/US2007/025822
coupled to a salt (lI-Salt) of2 t he conmpound of Formul a
I . Wth reference to Schene |, what is needed is an
i nproved nethod for the provision of internediate
compound of Formula |I.SUMVARY OF THE | NVENTI ON I n one
loae ieartnal icbadyetedgnt Thisvincteasss the rpsistanse to heatdrmsfdrand
preparin -

3
rqduees the egfffethgm of thethept exchapgewsxy tisdprrsasimgdemperature in
R Ser s g PR TR B BB YR B oo
R CAReE o0 A ep PP KBRS o palhi g s

ingfficehDpidsuresandr Rpariadhdliest axchasge. conpri sing: (1)
oxi di zi ng cycl obut anenet hanol (A) with
2,2,6,6-tetramet hyMi peri di nyl oxy, free radical, to

t ai .0but boxal dehyd L A.B - (2
) 56 2n BERBnNTRS Camponcnt sk bedhbrmssrs
o A0SRl e ledim S I CRORPTRRUBY - Fimdchanims
incé@dihg Rfeiiéd] QeadtiomROtorrbsion! ddpoRaasf ifis@nbknhtigials) and
obtain a m xture of conmpounds (CC) and (D):and (ii)
depositeof inatgriatemaig inscduble byabg temge(atireadifferensd between the

St )(i) to nitrgal kane (E) by a process sel ected
ﬂf‘?‘ggﬂéﬁ?atWGL%‘é(?ﬁon of the m xture; or 11)

reduction of the mxture with sodi um borohydride in
t he presence of PEG 400; or I11) reduction of the

[000S] Ur €Ohet dT the Ghore) doaiabi ¥6b0€isBs of rapid fouling, in particular, is
the formation of coke that occurs when crude oil asphaltenes are overexposed to
heater tube surface temperatures. The liquids on the other side of the heat
transfer component are much hotter than the whole crude oils and result in
relatively high surface or skin temperatures. The asphaltenes can precipitate
from the oil and adhere to these hot surfaces. Prolonged exposure to such
surface temperatures, especially in a late-train exchanger, allows for the thermal
degradation of the asphaltenes to coke. The coke then acts as an insulator and is
responsible 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 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



the presence of an al cohol, or (b) a second nethod

conprising: (i) reacting the nitro-alcohol (C wth
WERkBRSOREI3 and tri et hyl am ne to obtai n conpoundP¢DS2007/025822

(ii) reducing (D) obtained i-®second process Step

(b)(i), thereby providing nitroal kane (E); (B)

hydrogenating conpound (F) provided by Step "A" to

yi el d am nohydroxy acid (FA):3) refluxing (FA) with
petrochensicabplahtsnilso saffer high @etating yos19due tobleanthg felghired as

4) convert| ng the ester to an ami de and protecting the

a gesulbolgfoylipgdhat egours during shermabprocdssingi of whole drudeoils,
B hERA 5 PhScs AE biSoiE WF hy FEpidiner

eI B SEATRE e f ol & sy FBRE bR TRy
of peofitdessab %c@ﬁ@iﬁ@%e%uﬁﬂ% OFwhdl&ELrudet Jlléléﬁtpﬁbéh@ in pre-
acid and triethylam ne, folTowed by benzyl am ne,

heastrain eselangersaaini ne salt of a pair of enanti orrers of
Formula F -BA, that is, the benzyl am ne salt of the

RS and SR di astereoners (which are enantioners) of the

Aol AP R By molo oty
SHRITBOWh TG thetdl@arﬁﬁ@ pHAREENE utrhily Ofnok R (RIS RAGHUCo M line

pai r of conmpounds of Fornmula F' A precipitates
clpamhgrcﬁ“rlteaaemhafmgenuﬂ)eﬁnhmﬂesoby brinpinigsthe heat éxclfangbeout of

di astereomers of the conpound of Fornula F. In
seryicedppsHioRmthemical or @Pé‘ﬂ@?l%ldi eanigpilhy cleaning r:@n batbased

t he m Xt u
of S e snB opBp by Gyl GEE Rafck £omdiighs, il
corifdk En bOHBePindEDP @Hluhﬁﬁ’% tIRX1eRE P hEﬁee)&EBHQé efficiency.
the SS and RR isoners present Tn an equilibrium
Howlewtr, orff- hhe a;lldarxﬂmg\mtarmptsmes\ucan @Thisocarslse parvicularly
precipitatio he SR and RS isoners under
birdepsdme far S é¢ qrifs kecausesthgrrewill be @seieds jof nopeproduction.
m xture in the SS and RR formare interconverted to an
SR or RS formin situ and are subsequently,

[0®OBEC! | VRliYatiE6t Poisibi§tiRinatiRg fouling of heat transfer

components can result in huge cost savings in energy reduction alone.

Reduction in fouling leads to energy savings, higher capacity, reduction in
maintenance, lower cleaning expenses, and an improvement in overall

availability of the equipment.

[0009] Attempts have been made to use vibrational forces to reduce fouling
in heat exchangers. The basis for using vibration is to provide a mechanism by
which motion is induced in the liquid in the tubes to disrupt the formation of
deposits on the surface of the heat exchanger. It is difficult, however, to
efficiently generate and transmit the vibrational energy to the surface of the heat

exchanger in a controlled manner.



benzyl amne salt (F -BA) (dynam c precipitation).

F'-BA (Precipitate) The pair of enantioners conprising
wo b@spsxsed pitate of Fornmula (F' -BA) is acidifikdi/asm7/025822

reduced to the correspondi ng4anine (F' A), then

esterified to give a pair of enantioners (FF) which

are converted to the correspondi ng HCI salt, conpound

(FF-HCl): F -BA PA F1F HCl Subsequently, the ester
[(016¢t i oAavibraticefal sYstenr leasi leh alevdlapedrbyotheeRsight e o€ tsis

Is converted to the correspondi ng am de,

aéaﬁgqaggngEéﬁOMOhﬂ-lﬁwawr%ﬂiugingeﬂuelg feumpany,, ftbafdltil'h!@s a
mpehdEg e tariod a5t d andte drdeadhat Suporti o
e@ahﬁ&f tu%???(?]ﬂél? HRIRY & Hdlekd x(lgrgtl(%nq’g-rtﬂ@ t{lg&?@af causes

m xttire o alr of enantioners o or mu

sheaphesdionninathe ai wabivﬁng-lagj asehtuol the tubkanoqtdatd ftulingeof the
am no_functional group yielding the pair of
tubasinThe sestemois diselasddain oy-pending applicatiembi. SnSerial No.

1 E3RR 0 MitepBanianor hiteof uling, Behiixatiangers Using

CpfiEbREOMdatical YiBtioRTeal RFay16 SR Phé SRR dihat

enant i oners.” The” cofrpoun _
applicatiba atdincorgoratrf hereinbefdfefiingte i n the preparation

of the conmpound of Formula Il Formula I'l. In another
aspect of the present invention, dicyclohexylam ne

(OQTEF ot GtciieBiit of gehatine Viomios smeluge kg Qesirompenetic
IGRER Ao, hicHiH G AR b Whealb S B gontrol
off AYQENCcY Andan Merude O HoW&Fer Otheb &8y Ped G levides $os @ htintber of
problems in refinery settings. They are high in cost, low in reliability in harsh
environments, and can raise safety concerns due to the high electric power

needed to drive these devices.

[0012] An alternative would be a pneumatic vibrator, which is lower in cost,
more reliable and safe. Pneumatic vibrators per se are well known. Typically,
they operate by generating vibration due to centrifugal force of either rotary ball
motion or rotation of an unbalanced turbine when driven by compressed air or
gas. The frequency and amplitude of vibration usually increase with the
pressure and flow. However, the problem with pneumatic vibrators is that it is
difficult to control the frequency and amplitude of such devices. It is
particularly difficult to control the frequency and amplitude independently of

each other.

[0013] There is a need to develop additional methods for reducing in-tube

fouling, particularly methods that can enhance control of the energy used to



conprising the pair of enantioners of Formula F'.The
enantionmers of Formula F' can be used also in the

wQe@msesxsidlescri bed above to prepare a pair of PCT/US2007/025822
enantioners conprising the RR-and SS forns of the
conpound of Forrmula I. As with the enantionmer pair of
Formula F , the enantioner pair of Fornmula P are al so
represented herein sonetines for conveni ence as:

redoee ouling) eThére is alpo d nebd it design pramadeyibirbdon géneration
the precipitate conprises equal ampunts of both the SS

syatrans that cen be aneresclosely sontroHed pastiewlarydayicesiin which the

Accor di ngl nce isqlated, the .co und,(F' - DCHA)
freduehicy; %91’]? St‘:ﬁﬂﬁ)(e laﬁeﬁﬂ@gegwgﬁﬁaﬁeef Fornula F"
with DCHA) is acidified and reduced to the am ne
(F'"A), then esterified and converted to the HCl salt
BRIEF ISUNMSMAR Y OIFTHE INVERRIGNLA F'F- HCl (F'F-HJ)
I's converted to the amde and the am no group is
protected to obtain (G'): G In sone enbodinents it is

L T R O e
o RIBUE g eguchty B AR B ARIREP L s b Eb OB o =
Formula 1B, which can be enployed al so in providing
t he conpound of Fornmula Il.Fornmula Il. In one aspect,

[00AE] pr eAsprcts af embodimentstofd¢he tnveatiod sidverelatg to agprocess for
foll ow ng structures and a process for preparjng each

coniralling xitration impartedip ranipmentuchaspricat oxchanggapssambly
S NDEPENDENT CONTROL OF FREQUENCY AND
toi@%Tg»&ICK@wND CF THE | NVENTI ON FI ELD OF THE
I NVENTI ON

[0016]  Another aspect of embodiments of the invention relates to providing a

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

[0017] An additional aspect of embodiments of the invention relates to
practicing the process of mitigating fouling while a heat exchanger is

operational.

[0018] The invention is directed to a method of controlling energy output
from a pneumatic vibrator comprising producing vibrational energy with a
pneumatic vibrator that has a pressurized fluid inlet and an actuator that responds
to the pressurized fluid to generate vibrational energy, wherein the flow of the
pressurized fluid is adjustable to control the amplitude of the vibrational energy.
The process includes modifying the vibrational energy with a resonator that
responds to the vibrational energy with a resonance frequency, wherein the
resonator comprises a housing having a predetermined resonance frequency and

a frequency adjustment member by which a stiffness of the housing is adjustable



[0001] This invention relates to devices that generate
vi brational energy and to control of that energy. The
w0 poogsisen further relates to the use of cont redT/E82007/025822
vi brational energy, especi aI'I6y to the use of
controlled vibrational energy to mtigate fouling in
heat transfer conponents (including but not limted to
heat exchangers, in particul ar heat exchangers) used
to contedl ithe fiequemrydoHihienabiativhabéngrgy mutput Br GOUBSkéInakor. The
RELATED ART [0002?]j Vibration is used in_a variety of
m,srlt%le%ag)e@ ehanclude ransmitting the nmghﬁ%mbr@uoml@nﬁrMO apply

o EPBrc RRREARE el e SRinent sprB ps AeRE pEshanger , om

settling or accumul ating on certain surfaces. One such
application is directed to mtigating fouling of

[0849] prreTihe fhweentiontibaldoudikettedtood prmiess féd redicing foalifg in a
that interferes with normal operations of the

heay mcplmge qqm]fmipngcmpmgmg 8 hgétr?w&llangelﬁwfthmel?b@@xchmge
suifseadisaryt Bdfimprbauid nd Bemesringa phepmasicgres Gyindge o
v1:§§at Jhel 3t'f1§ W{ égd thﬁpmgghgé/rdrhfiﬁ?ﬁ B9 E‘h&%ﬂé&% flowing

eposits an er surraces

adjeceig 1o techaf eacnaagd Surfte\te rrsmicepfo@hhgmﬂme dest Sithanger.
operation of refining anoeljogetrochem cal” processing

The pravess umh@dcsfq‘oa@toihmg]ﬁx equenicy ofdhe gquénatashvibratianiby
Fi.rst, ,the foulin er has a- - |low thernal
w8 meqhnical reionatanha g & Eotonanse BrqUeRARds FEte of

frEciC a%%ron%ij 1{1?1%‘&%?@&?%%1 %ﬁﬁfﬁ%&éﬁ% f(ﬁle%‘ ﬁ?ctal resonator

ers - asl era ureln

withid ﬂ’n@raﬁ@@ OTHe pasceds Faghér iAB1UAeS ebhtrollfif the amplltude of the
cross-sectional area is reduced, which causes an

ganecated yebratiop irdependently from costsoliimg thp feaqaieney afigtibration.
creates inefficient pressure and, flow in the heat

The prpgsssran {’?)BS‘ZfP"PB Ppﬂg“q iR hEedining SHYEE: conponent s
(i ncludi ng heat exchangers) associated with petrol eum
type streans can result froma nunber of nechani sms

[00R0] udi Tige ffiRAtioAlis ARBUitRRS totPph&Shatic vﬂﬁ%&'a*sse%bly
i nsoluble materials, and deposit of materials nmade

cqmpmlng lagprigpniatic \nbrqjer thiat genctafe‘serebcaixdmﬂ feree anklea tunable
fluid and hgat exchange

resonator coupled to the pneumatlc v1brator to modify the vibrational force

generated by the pneumatic vibrator. The resonator includes a housing having a

resonance frequency and a frequency adjustor coupled to the housing to adjust a

stiffness of the housing to change the resonance frequency of the resonator. The

assembly can be combined with a heat exchanger or a refining operation.

[0021] These and other aspects of the invention will become apparent when

taken in conjunction with the detailed description and appended drawings.



[ 0005] One of the nore comon root causes of rapid

fouling, in particular, is the formati on of coke that
we@emansg2swhen crude oil asphal tenes are over expPSEUS1007/025822
heater tube surface tenperatdéres. The liquids on the
ot her side of the heat transfer conponent are nuch
hotter than the whole crude oils and result in
relatively high surface or skin tenperatures. The
asphal tenes can precipitate fromthe oil and adhere to
these hot surfaces. Prolonged exposure to such surface
REMN AV ESURERTIQGNAIE|H AWINGSe-t rai n exchanger,
allows for the thermal degradation of the asphaltenes
to coke. The coke then acts as an insulator and is

[0082 onsfi(;ﬁé ﬁlJeﬁEilgH%tll ﬁé\@'b%fd;ers?ﬁféécis ﬁir ?(Sa}ijén#t?&? &ithl thet D€

heat exchanger by preventin rom heat'i ng
adcbmpanyingedaiwiagd i whih:t he unit. To return the

refinery to nore profitable |evels, the foul ed heat

exchangelGURdR 1 is a to vidve afie vibratirassemblycial docordance with a

r equi r(eis removal .from service, as discussed bel ow
ﬁ"[sbé‘@bf’ Ipent Qftheg ARYRIMION,. ¢ ube foul i ng costs petrol eum

due 1o TREIVRIZIERSIAR W inchS FotifR of i xR ifGmoly of
Flﬂw]'mﬁm%' RAAe I th the increased cost of energy,
heat exchanger Touling has a greater inpact on process

prof i t aBIGURE 3 iea top view ofh ivilraterasserdpbt incadvendaneke with a
pl ants al.so suffer high operating costs due to
segprdh gmbgdpaeRt Q@g‘edgv@tl%%ult of fouling that occurs

duri ng essi.ng .of whol e..cru oi I,s,. bl ends

and 17 RFIRE 4 B RSERNiPY BrecP iR BiBhanne Wt ae? pSfiybly of
FIG{@RE'?fakéﬁfaildlﬁ%Mn@WHEmem are affected by fouling,

cost estimates have shown that the majority of profit

| osses BEUREIbIes 8 fronbh&idw of andgbmatorvdssémabty irdaccordance with
nd blends in pre heat train exchangers. [0007] Heat
a&’*‘%&ﬂﬂ@‘é‘ﬂme&ﬁl‘)&%@ FBieBHESN; ef i neries to frequently
enpl oy u s for the cl gani I QCESS.
G r ent FSURE G PR ah S5 e 080 of Tl KBFERE aspemply of

FIGURE® ta®¥f AfsHiLRné plIIRUNd] €s Dy bringing the heat
exchanger out of servicé to performchenical or

mechani KI«FUREA N agide Miewdheaossrsgctiom of@ rhadi€itation of the
schedul ed tine_or usa?e or on actual nonitored fouling

vibigter assembly ol EHOUREIL: avths can be deternined by
| uat L . of .heat h fici .
Fonevorl IGYRE'S 107 S yit h RS Ran St a b Gkt of the
viﬁl%ib%s&ﬂﬁy SPFRHR?W densone for small refineries
r e

because t e w peri ods of non-producti on.

[0023] In the drawings, like reference numerals indicate corresponding parts

in the different figures.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024]) This invention is directed to a method of generating controlled

vibrational energy. In particular, the method relates to controlling the amplitude



[0008] Mtigating or possibly elimnating fouling of
heat transfer conponents can result in huge cost

W@ 2081082513 n ener gy reduction al one. Reducti on PEI/US2007/025822
fouling | eads to energy savifBgs, higher capacity,
reduction in maintenance, |ower cleaning expenses, and
an i nprovenent in overall availability of the
equi pnent. [0009] Attenpts have been made to use

and 126 é&yaif\fiﬁfa@rﬂoaat Qnérg? ifiGependbhtly o'f@aEl?@fher The exemplary

exch basis f usi'ng vibration is

amﬂrcutnd@ discossgtatnersin isthevigendratioh ioficontrolled uﬂﬁduonalt éiergy to
l'iquid in the tubes to disrupt the formation of

asgispuath mlt@gﬁttngefowmgaaf@qumn@t, nspacialkeheatdeansfertcangponents

di ffi to eff t t d

I A s Ay i
||

prOEisct  AoepRfhely afh R B B RLCARID S itk 1 method of

mitigatinigfoaling iis &Eapémh&ng@@ énems aad @l’ib aévices for practicing
Engi neeri ng Conpan that utilizes a nmechanical force

thapmthedl 110 aeprefexmd usoytite mgthedemerdeviicestars applied o heatt

han er tubes f r liquid flow to induce a_vihration
trgns eI EORPRNSTS Kefd WA EBINEPROSESSFs, SUSH 3singEinerigs, Py

PR B8RRI Aahle DL HEIHES, LA Ak Blndile

I'n CO-pen

coﬁﬂﬁ&ne@l@d while lth&heﬁ&farﬁ;&‘eﬂ\&mﬂdd%@s mnrﬁrﬁﬂd 1|naﬂse
"Mtigation of In-Tube Fouling in Heat Exchangers

Usi ng Control |l ed Mechanical Vibration" filed May 19,
6. T t f .that | i cat
19B78E; pod Bt as nowjble 2o apBRbE TrucHidh @ ofber racssine
£ . t .
RSB Boal RGP B4 LSRRG g i
a dhfiRi arfiRe s %x?én@rﬁf&lrdﬂrl Wﬁf@és%%@@h'lﬁé&ﬁﬁement

However, these types of deV|ces pose a nunber of
topakehoHrlnd forrrepaun eng cheningight is alseycoatemplated that tes¢ontrol
harsh environnment s, and. can

pr'f)%%@éﬁ&&%'ﬂ% heTgm ¢an beusad ira watiety afappligations, not
R S R AT T AR

degﬁ‘éiﬁ Othér®bes 8 eqsi ?ﬁ?ent R &oRId Be V& RAQ thiPRiveAfioR ©

known. " Typi cal t hey operate by generating
1nv1|ukie,awnhnudhmuﬂatloneﬁre héates| equipnenothatiekperiencesaegimentary
ball notjon or rotation of an unbal anced turbi ne when
ang{qridepopifiondiopliagsindusirial grixers and separators, and dry material

handlers, such as fine particle hoppers. It will be appreciated by those of skill in
the art that the invention can be broadly applied.

[0026] Heat exchange with crude oil involves two important fouling
mechanisms: chemical reaction and the deposition of insoluble materials. In
both instances, the reduction of the viscous sub-layer (or boundary layer) close
to the wall can mitigate the fouling rate. This concept is applied in the process

according to this invention.
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gas. The frequency and anplitude of vibration usually
increase wwth the pressure and fl ow. However, the
w@e@blogsinvi t h pneumatic vibrators is that it iBCT/US2007/025822
difficult to control the frefoency and anplitude of
such devices. It is particularly difficult to control
the frequency and anplitude i ndependently of each
other. [0013] There is a need to devel op additi onal
[0627hodsInfthe casglof cingmical tedetiohptheitigh terapérnacurieat tye surface
net hods that can enhance control of the energy used
ofithe hgatcsansden wal activates the melegules tpckoam preguesogmfor the

foblif it |f ot PRAERE fin it s BT ab sl pragnan

Al RO GT o S RFrERRRBE B, g peduction of
thébpandarydhy@nwillidtige shothitkeess Dfehé stapnamt regiont shdhence
process in which the anplitude and frequency of

reguesy thei asneuntarfgrggursars availablettodbrma fqubingsesidepe Sos one
o RS ERS R S Bl SR bt reduce e
e pBHuRTRAL py BT AN PRERmBLaNRIOTh BEORIR  With b,

in0éntidig th@pﬁj&k@mdh@d@tiﬁﬁoaegiagféhbﬁgwﬂlt@ thy §&ech tbltalise a
can be inplenented in an existing system such as a

disruptineiy thg fibnayean addi ti onal aspect of enbodi nents
of the invention relates to practicing the process of
mtigating fouling while a heat exchanger is

o8BS, BPPlhGH o FESPBRAERLA0 5 SLERED oL,

et’hod of controll'ing e ( _ _ pneunati
expeHERER fOBIAR) éspeblal I APHes af Kel dchangd deVivESYF¥ EXample,
a pneumatic vibrator that "has a pressurized fluid
many sfinenics ase abelldube typedtcat esglamgers in whizhpr barsdle iofed
fluid to generate vibrational energy, wherein th

. flo
indiviqupd tubesrg shpBertsd b d s chfipnas il aretstained Wathin phell.

i | ' | .ener e CeSS..:
RS O b 3B IR A i sutuces,
aré S88RptiBle toldlilihg DR IRl acdutniilafio TR 0 hPdrRcabol Baded

a resonance frequency, wherein the resonator conprises
depositasitvglitzeviecggnized dyaheserofierlinayakalh ire tHer leeas exclyanger
and a. fr equenc%‘ adj ust ment, menber by which a stiffness

artha philidiehgiubs exghargeids describsathieseinasear ¢
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various types of known heat exchanger devices. Accordingly, the invention
should not be limited to shell-type exchangers. This invention can be used to
generate vibrations in any type of heat exchange surface or in the adjacent

liquids flowing past a heat exchange surface.

[0029] In summary in accordance with this invention, energy is provided to a
heat exchanger system to mitigate fouling in a controlled manner. Preferably,
the energy is supplied with a pneumatic vibrator, and independent control of the

frequency and amplitude of the vibration is provided. The pneumatic vibrator is



nmet hod can further include transmtting the nodified

vi brational energy to apply a controlled nechani cal
WO 2008082503 equi prent, such as @H_heat exchanger . P¢D0S8P7/025822

The invention is also direct to a process for

reducing fouling in a heat exchanger, conprising

provi di ng a heat exchanger with a heat exchange

surface adjacent a flow of liquid and generating a
cqupdedrtd a cesfonato that ¢andock the rdsbnandeoﬁequertcwetoheﬁmd frequency

exchanger that causes s nmotion in the li
Withgya SeqHEne: EANES: w%elﬁénﬁ Daid Bressunsupplied 4@ ghq yibrator can be
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resonan equency and a range uency control
i ncludi ng adjusting the frequency of the mechanica
resonator within_the ranq The process further

[0038] udeBetasring 4o IEI%JRES aami 2. taprewnaticvibgatosassesably 10 is
br at ' d d ty ol | the f

sty pigh o e PRPumbs VAT o 4 GRIFh e Srsaid | The

plgcilfn?z{tid“{' ibatdy 12 ¢ah eri?%o(] ﬁtlbﬂé’lggéé rﬁrgphéul"ﬁlaﬁe v1brator for

recte tO a pneunat | rator a
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heat exchanger or a refini Eg operation. [0021] These
é
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In con e acconmpanyl n
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vi brator assenbly in accordance with a fir
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mefely xemphH - 1AGtuation of ganra&s\m rations &V, as

shoW 9}t’ e &%EQWH'MG@RB% At g%'l\‘;e% f“etsghr% of compressed air or gas.

As this type of vibration mechanism is known to those of ordinary skill in the

art, no further explanation is required.

[0031] The resonator 14 is formed by a housing 30. The design of the
housing provides a normal resonance frequency and a frequency range of
control. The factors affecting the resonance frequency include the selection of
material, dimensions, and geometric configuration. The design of the housing
can be based on a numerical method, such as finite element analysis, or on an

empirical method or with a combination of both. The design is determined



second enbodi nent of the invention; FIGURE 4 is a side
view in cross section of the vibrator assenbly of
wo-b@sRR58 t aken along line U-1]; FIGURE 5 is aP€T/081007/025822
view of a vibrator assenbly- th-accordance with a third
enbodi nent of the invention; FIGURE 6 is a side view
in cross section of the vibrator assenbly of FIGURE 5
taken along line H-111; FIGURE 7 is a side viewin
basedsm thealesived dfeqaentylrdrigeadfi control dependinpoatthe particular
assenbly of FIGURE 1; and, FIGURE 8 is a side viewin
aWI@QOQ@@t thervibratar.nodi fi cation of the vi brator
assenbly of FIGURE 4. [0023] In the draw ngs, |ike
reference nuneral s indicate corresponding parts in the
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inchides @ iir gRoppesedrgdewalls G2l ad 34 bomidcasibby 8nRagond énd
particular, the nethod relates to controlling the

wal36. { Thictopside aqlled asseenin FEGLURE L, basa glot 38 formed
thgRaB e ernatiam st Wl Sddrisxioone 40 legnbd ahdretn. A
stYf{@l{lﬂ% r&d rrg%tlg e&ﬁsglédtt tll‘?t.s ﬁhﬁglixﬁ‘"gﬁ)}ﬁgeﬁcw%% 4 %%858@ A8justor.
The rrsechaxlmeat re83AAaNJ8 Mk a&%@’oﬁﬁﬂc@ fRafulehéy ltl?ertlcbnt}@m the

exchangers used in refining processes. ‘Accordi ngly,
fra@msofdhe vitgation gnnenat\echbje thii vibeatod 120 Therstiffadngfod 42

ati ng foul in h exchan in general, .and
elShandg, riihenby of e fosnaior N840 berpdiiged rithiag range,

mqﬁﬁer‘?,g mﬁ@ d devices are applied to heat
transter conponents used in refining processes, such

as in refineries or petrochem cal processing plants.

The process nay be used in heat transfer conponents
[0883] e tAe seernin FIGHRE:2, therstiffeaing rad 42 ekiends hativéen the

use. is possible to apply the

OB EICB Al 37 f 5r3§?@efeit§§nwgltf: 08 e rogvarkd cexiends
S ERGSIy 3¢ Prerdbl e WTREAng 180 4308 AlRGRlrga "ol bouta

bd a{y tylpeg)ﬂ%h@féﬂﬁ’ﬁg?ﬁmeﬁ&ra%e' 1OAAVRAY £kl A6k secured to
f-line for repair and cleaning. It is also
ormndewmlampcthc med 42He thohousihg 30. The rod 42 can secured at any
location along the slot 38 by tightening the nut 44. Again, the locking nut 44 can
be any type of retainer that works in conjunction with the stiffening member to

selectively adjust the stiffness of the mounting.

[0034] The resonance frequency of the resonator 14 can be changed two
ways. For any given position of the rod 42 along the slot 38, the stiffness of the
resonator can be adjusted by the torque applied to the locking nut 44. This
control is limited to a small frequency band. For larger frequency control, the
position of the rod 42 measured by the distance L from the end wall 36 can be

changed. As L increases, the resonator 14 becomes stiffer and produces a higher



process and devices disclosed herein can be used in a
variety of applications, not limted to heat
wesz@bases s or refining faciliti es, where contPOI/Usm07/025822
vibration is desired. O her ?ypes of equi pment that
could be used with this invention include, wthout
limtation, fire heaters, equi pnent that experiences
sedi nentary and/ or deposition fouling, industrial
resonaacs frsguesepandhigier vithdtion freqmency lanbaittédefrom thech
as fine particle hoppers. It will be appreciated by
vibragerelbf skill in the art that the invention can be
broadly applied. [0026] Heat exchange with crude oil
i nvol ves two i nportant fouling nechanisns: chem cal
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fouling rate. This concept is applied in the process

amicxbmensmsﬂbatt\mllspmduema. roaiad ogsphanee ﬁnﬂu@alé/ewc;th a
chemcal reaction, ta}gfi%h teg%(l tur th urfac
frueR TR OF SO SUItgpNe R e Javied ARRUICAIPR. hEdQrial

frécﬁ.&:@ﬁ? P ¥CRanhiBhl xtegs?e;th' [drg%ytr(ﬁe?eﬂafg e P@ﬁéﬁ of the

sOors are not swe Ive

hotsBE0t THelsklecaah @f thé Bﬁﬂermd)ﬂs ﬁﬁﬁ@&lrﬁét%rﬂapﬁﬁtﬁeq{o@mg 30
deposit on the wall. A reduction of the boundary |ayer

cani e aacethpdished either throegls nainetibal methpdssuch egia mlsmdlement

mptglp eg§ gg&?ﬁ%%@gﬁ%% (%%n éur S oééaval | zl?% requlrement ofa
cﬁ-ﬂﬁ? qténc %ﬁcg )f(x% Hcgi Ea.‘nﬁg off'cb[ﬁglof‘y %sftfr%ﬁ Sitht 3fffening

sur

roHQIIMfdaﬁdﬂdi@e ap 1@3&)0&16 36€Kngmun 41 fake ththfﬁijhst@ﬂ to pheduce a
process includes introducing energy into the systemto

vibsation withithe desireshfrequenicy withim thayange. [ 00281h equency is
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cahrwmbdueéd hﬂﬂg%h@ﬁﬁnélﬂwﬁi&d by a sheet flange and
are retained within a shell. The wall surfaces of the

tubes, including both the inside and the outside
L by e L R TR -
deslysabRliCHiFARGRIAET Y il reORUBF 58 s hoven if FIGs. 3
anP4 HPRVEEh 4 Pait OTGEifRAthgRIdR ate S "TRE 8é§dnaior 50 has a housing
52 with a pair of opposed side walls 54 and 56 connected by end walls 58 and
60. The vibrator 12 is coupled to the top side wall 54, as seen in FIG. 4 for
example, which has a slot 62 formed therein. A groove 64 is formed in the
bottom side wall 56 that has a retaining ledge 66 and an access opening 68. A
first stiffening rod 70 and a second stiffening rod 72 are secured to the

housing 52.



enbodi nent, the invention can be applied to any heat

exchanger surface in various types of known heat
wexohasejes devi ces. Accordin I3y, t he i nventi onpGihosdod7/025822

not be limted to shell-type'“exchangers. This

i nvention can be used to generate vibrations in any

type of heat exchange surface or in the adjacent

liquids flow ng past a heat exchange surface. %4(3029]
[0037} unmBagh fod A2,cT hizsnareend whtht an annulaeshauwdder &hSitand a

is provided to a heat exchanger syst to nmtigat
thyeader i 18 and: 80k rleIshauiden ar 76 14 Sdabiy Feraineddn he ggove

64 B b fEdge St QB 7% i SrovBR Up BOSRE Uehing o8

fOYinge?‘ﬁ{)le Br kSmBUAY! Ming Eﬁtsp@? 8§ bt ﬁn%/ sBftaB18 retafier; are
coupled to a resonator at can [ock the resonance

secueglehy ehds 38f B0 adspectivebnrysesurdithe rads 700 U2 ie place by
range, while the fluid pressure supplied to t

he
clemiping againstrthp howainget?. t The edggH6 ensusefpthat thearods 8, 72
ti.ff th { [ ' t abl hat th
reRR AL ooPu B DEBRaPEN B Bf PSR mirhygstich Bqedee
oA B ue 0, AR HERGIHRAR! bf BRohiols FFiesid niftin.
i ncl udes a pneunatic vibrator 12 coupled to a
resonator 14. The pneunatic vibrator 12 can be any

[0938} ent Inoepdratignheregomatorai( eperatesan @rsimilor manaephe a
ball type o turbine type.of vibrator. In bal.l,.
repgpton] uy Bk e vibraton 12 ¢St ot ratonsie’ Spdpionidioss
. ) i . . ti '
viBig BV 0 Pied R EfipRlude b ibid ess P81 1R RLoriftde
fréuencly Witk sehatoPs0 & adjisreabyrposatorifig i®ydds 70 MBT2 aps
are simlarly induced by way of rotation of an ]
seletied tovations with the distancphdatweer tham cantolling thestidfness of
inlet 16 for introducing the pressurized, fluid wth a
theggsanater S0 and Dicofins bitthe % Reqaaity B aunphe Bie tofgse on
flui outlet 20 to release the fluid. The inlet
thfé“%??%\%sgd?ﬂui d to be introduced to a vibration

generator 22 that is nounted on a base 24. The base 24

of the vibrator 12 is coupled to the resonator 14. _
[0089] ousFIGURISS 6 ypd toshovoanother meiston of thelresanatom®@in which

ul d, be suitable, and th piction is ant as
thﬁwwge%ﬁﬁ 3 PYIr o sidrayva #8508 ﬁenm%a"%gg.enﬁlzvalls 98, 100
A S V r I |
o RSEEM P B claE PR ISR 00, Bach en
wéBSas @&entiliFG. $PRr ekamiphy, Hab Q16E421 06 thicughn@Witht the rod
those of ordinary skill in the
102 extends and is secured by locking nuts 108 and 110. As seen in FIG. 6, the
distance L between the rod 102 and the side wall can be adjusted along with the
torque on the retainers 108, 110 to control the resonance frequency of the

resonator 90.

[0040] When applied to equipment that is susceptible to fouling, vibration
generated in accordance with this invention will considerably reduce the extent

of fouling. With the proper vibration frequency, the thickness of the oscillating



art, no further explanation is required. [0031] The
resonator 14 is fornmed by a housing 30. The design of
W@ b@skgasss ng provi des a normall resonance frequeCiySENT025822
a frequency range of control.” The factors affecting
t he resonance frequency include the selection of
material, dinmensions, and geonmetric configuration. The
desi gn of the housi ng can be based on a nuneri cal
ﬂwétdaodae madh suffidiently small sodhat tha£lujd ivéithinthe subrlaminar

|r| hod or with a.conbinati on of h. Th
np %ygr d&b%ﬁ é@sag%tdwaﬁovmeawawsa wﬁﬁéﬁ @?FG?S to move
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a pair of opposed sirde walls 32 an connected by at
sheerfarce mestmng ewdugh3 6T hu) ¢he cpasingee it bf SRearasawessdnduced

in. Fl QU has_a slot 38 forned therein, and the
b)bB‘tbF%iFﬁ%lsdEgtAHI‘Fff%%l‘f?as a groove 40 formed therein. A

stiffening rod 42 is coupled to the housing 30 and

acts as a frequency adjustor. The nechani cal resonator

[0841]aS R B8535 BelcsrabléaBGNdbdd ¢ @gﬁh"veh g% 1brat10n rather

frequency of the vibration generat ra or
tha cofieuactsi Sinesuidal vibratiéa. mmmammt vibration is
frequency of .the resonator 14 to be adjusted within a
the gﬁg%ratlpa ofngherfarmoniosnahichhean be degsbladn sedain; n
a RE 2 é tiffeni gﬂ rod %t F %nds bgtvveen
aligalin” sTheFodicec Epeliflyé ShpifafiPisiiagn a Slopi: meahanism can
e r Y,
bedtetlo the RACHSIILETSS chmpNg eSS I PIGERE 7 & 5RiFRR Y

mechanisppd 20fis atldéd eonihegesmmiter 14, disclosstl hFIGISRES. 1 and 2.
| ocki ng nut, 44 secured to one end to clan? the rod 42
Theoswmerrﬂ&?sisagowe Théhe beusing 30 between walla32and 34. The

ST 0 GRS oA e e
reﬁaﬁ% g\’{égthé tb}?‘ w3 21BF EHé’I'E:sz&ItP% {4e1hE! {cﬁfé‘n ng u??ﬂﬁl@fed in the

tively adjust the stiffness of

sah@ﬁﬁdl]méﬁ‘rg' was @fahe stiffesingaod ¥2aind he 445 %9 l&&bnﬁnécﬂab‘@b of
be changed two ways. For any given position of the rod
Couzseaﬁuﬁ{ga stappst soulddhe wsed intanyfafdhe variouhembedimentsr

adj usted by the torque applied to the | ocking
dl‘?f@?segj‘ ?ﬁ's control is limted to a small frequency

band. For |arger frequency control, the

[0042] In another variation, a stopper mechanism is mounted between the
pneumatic vibrator and resonator, as shown in FIG. 8. In this case, the
pneumatic vibrator 12 is mounted on the resonator 50 at the top side wall 54 of
the housing 52, for example, with an elastic spring support mount 130 with a
stopper mechanism 132 that limits movement of the mount 130. The repetitive
impact vibration is produced when the base 24 contacts the stopper mechanism
132. Again, this stopper mechanism can be used in any of the various

embodiments disclosed herein.



position of the rod 42 neasured by the distance L from
the end wall 36 can be changed. As L increases, the
w0 e®ensases 14 becones stiffer_ and produces a hp@ines2007/025822
resonance frequency and highé?'vibration frequency
transmtted fromthe vibrator 12. [0035] In operation,
for each given application, a desirable frequency
range i s determ ned, and the mechanical resonator is
[‘Hblﬁ? gned owsetthenyibrataxl sypteop of this snvemtiod] therprievnsaticheibrator
wi !l produce a nornal resonance frrj_lquenfly with a
withthe £e3qnator g aneynted on astrugiiire, sueh a2 heatexsbangeror a

SR 7 A0 o0 LSV ER Gt 1€ STFRENRE, Tk sygem
cS¥ld alfiebé Rt Ptd Séndrid® AoIBRS fich %Geihgqnamt%ai&

I
of the housing 30 Ccan be acconplished either througha
diapheagne 46 gem¢ratedwasescin the air 61 ini 4 Hqeidethentvoubd boveyan
enpirical nethod or a caonbined nethod to neet the
a?‘%ﬂlci‘]e\‘hbfﬁt‘%\‘stﬁ‘%??ﬁ&mlﬂyequency and frequency range
of control. The position of the stiffening rod 42 and
torque applied to the | ocking nut 44 are then adj usted

rod i i QI3 Apd kined
AT oBRAHFAL R0 i ASSIRLo A pumbes o

theoripratesassefmbliesl and edatrobof theafleqisenest dnd the agiplitadé bEthe
desired vibration anplitude. So, vibrations having
oyppt ibsation cey be detesmingdibanedra thetsyatem paxagestersaridoally, the
rgduce sing. the.sa resgnator. [0036] The "
vIBLRIHIEREY B8 oIR8 Mo SERERRT ey e chesain tagnisigate
AR AP VA K HIng e BRDIRenich cAXRM A ihcyibrarion
smaéll ehotfle o agoidatisnagectothe heatlldechasge srbetur&0Thaaddition of a

housing 52 with a pair of &Egosed side walls 54 and 56
vibeiae assembly can beagcomplishedh by soupling the systerorto 2p axdsting

hé dRE e ok B pAangalif #Pins iRtiat Baniiacture, and asreuing and

15 ¢f i i . t .a.
Bl P e PRI S 1
arsl ofilimei (yisrevdn Hossidle o HReONthesysfcheWhile the hedPe@Manger is

. secured _to the housing 52.[0037] Each rod 70, 72 has
ingervige. Kouhngsanbeureduceshwithautr mpdifyireg thecheat ekeheaxged or

end. 78.;a 80. ..The shoul.der 7 76 |,S,Slidably
ot 18 Hop s il pngibiang e PuligaSus. he

shoul der 74, 76 can pass through the access opening 68
[0045] This type of vibration device can be used continuously or
intermittently. Such operation can still realize anti-fouling benefits. For
example, the device may be actuated periodically based on a predetermined

schedule or may be actuated when it is determined that fouling is occurring.

[0046] This invention can be used in combination with other fouling
mitigation devices and processes. For example, it has been found that treating
the surface of heat exchangers can reduce fouling. To enhance the effectiveness

of such surface treatments, the vibration device disclosed herein can be used in



for insertion or renoval. Locking nuts 82, 84, or any
suitable retainer, are secured to the ends 78, 80,

WO e@pestsivel y to secure the ragds 70, 72 in pl aR€T/Dg2007/025822
cl anpi ng agai nst the housiﬁd652. The | edge 66 ensures
that the rods 70, 72 remain in place, but can be
di spensed with if desired. Simlarly, such a | edge can
be used in any of the other enbodi ments of resonators

cothjsidtivmedithsueface tie@tB&jt. IInhapalsatbieon foumdthat partiudar types

o pudE i e el WT v ihs o e faadidh, Te
bor at i hat . . . S
acfick b BRo heftin E3 bR GYd WD IR AT Brds R ¢ et Processed
ina&heﬂoeﬂi&%tea% {eén@Bh&es bPthese ‘i‘%pe%%ﬁﬁﬂt&?otﬂtthé syst6ined
| ocat 1 ons th the distance L between them controlling

the stiffness of the resonator 50 and then fine tuning
t he frequency by adjusting the torque on the nuts 82

[084d] 84. Vpoogomadificstimszanrhe made swthenigyretion ap dessriked
the regonatot. .90 in ich the usj ng 92 has .a pair, of
hesPige ARA PRaGl Fredeptchsmiedisnt gf Bifcicnars snd et i e ade
Wi HifRinide, itnir S o4 SEGAC0 PR AN AIFAL OEOEY rithe
clbiags withoat déphtting Frorh Ruokigpiritandizscope. Itad idteAded tendcil
and is secured by locking nuts 108 and 110. As seen in
maltes catainkd inlitee ageaunparyeegeperifieatioroshalbbe interpreted as
.Side.wall can, be .adjusted along with the torque on the
illustratiyg paly,and natiig 4 08 3¢t he resonance frequency
of the resonator 90. [0040] When applied to equi pnent
that is susceptible to fouling, vibration generated in
accordance with this invention wll considerably
reduce the extent of fouling. Wth the proper
vi bration frequency, the thickness of the
oscillatingfluid can be made 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 shear waves
will also exert a shear force on any particles on the
heat exchange surface to tear the particle fromthe
surface if the shear force is strong enough. Thus, the
cl eaning effect of shear waves induced by vibration is

highly effective. [0041] It may also be desirable to
i nduce a repetitive inpact vibration rather




t han continuous sinusoidal vibration. The advant age of

an inmpact vibration is the generation of higher
whaospseses, which can be desirable in certai n PCT/US2007/025822

appllcatlons To produce a ﬂgpetltlve i mpact

vi bration, a stopper nmechani smcan be added to the

resonator. For exanple, as seen in FIGQURE 7, a stopper

mechani sm 120 is added to the resonator 14, disclosed
CLAIMSSURES. 1 and 2. The stopper 120 is nounted in the

housi ng 30 between walls 32 and 34. The stopper 120

wi | produce a repetitive inpact vibration when

1.Prop SistiQ rel ativel of
1.Phe & cusinB i coRSing sy Byt Reor , yCihotifie vipFasSt
025&;@5 ner by way of the stiffening rod 42 and nut
¢ a{fs@gxpl ai ned above. O course, such a stopper

coul gtobacingadbiational cidrgy Iveitly alpmeumaﬂmwbhatr&rthat has a
di scl osed herein. [0042] In_another variation,

pressupized flvid irlat and pe agbiaterdhatuesperds torfhe mw#ﬁﬂﬁé fluid to

nd .resonat o wn i.n, FI G

g%"ﬁgf’rrég vitrel il ARSTEY. WhePIR e o of %amw@d“g“@ i3
ao‘élgﬁ?t#l@tt(g %oﬁgoffhetd&mﬁ?ﬁ&ﬁe%ﬂﬁe Vrhtigifal eg}g ahgusi ng

or exa an elastic spri ng port nount

130 M’oﬂffyﬁlgsm@ RidleratioRs héerdrgywiiva i'éb@hatdrlﬂl&lsreﬁmﬁimtthe
of the nount 130. The repetitive inpact vibration is

vipratignebencxgy witlhe resenanea fregnereyt wwhereinsthe pp‘smator comprises

nmechanj sm 132. n,.this sto mechani,sm can
2 BRI oWHS Afes PR ERCE PBD e ANy Eiegt Member by

whigh&h sixﬂﬂéﬁ of'the Ll‘ﬁ)'ﬁs{lﬁels‘éhﬂ gzilﬂé téX?x%tﬁ?lLe ] eJHbu%ncy of the

|nven I on pneunmat rc vi or w nat or

vibﬁtmunéx%fgyr@uq)mtﬁmtthé fesomdtdt. as a heat exchanger or
a support for a heat exchanger, to induce vibrations

in the structure. The system could al so be nmounted to
gen ate I.CS, ch as bei ng nount ed
2.8 aphesiia Gesiamade scqmpre ae derigaing thedhiqusing tp have

i{?ﬁ] vi brations to the
é%gétngqﬁ%éﬁ[%ggﬁf%gaﬁg of the precise nmounting
| ocation, direction, and nunber of the vibrator
assenbl i es and coptrol of the frequency and the
3.anpl Thaiprocess ohelautlp Mherc‘:mrthe iftequency bdjustmentromber
based on_the system | deal.ly, e Vi br tion
ingfufles B SUEGAINECTAdLPURI] Hminedigising. ang ceﬁtrpggng the frequency

inffERE} R Rl WA s 8 B SR IO B gf¥lingpod is coupled

to the housing and adjusting a position at which the stiffening rod is coupled to

the housing.

4. The process of claim 1, further comprising imparting a repetitive impact

vibration while modifying the vibrational energy.

5. The process of claim 1, further comprising generating acoustic waves

with the output vibrational energy.



smal | enough to avoi d damage to the heat exchange
structure. The addition of a vibrator assenbly can be
wa@ewengdsished by coupling the _systemto an exi BCT/H§R007/025822
heat exchanger or can be i nd8ai 1 ed at the initial
manuf acture, and actuation and control of the vibrator
system can be practiced while the exchanger is in
place and on-line. It is even possible to install the
6.systEme miethad ofelahmdt, fenthé¢racogeprising itransmittingethe roodified
.can be reduced w { hout mﬁa%i@”ﬁ t.he heat exchanger or
vibratiogrhenergy te aBRIYR COMER SRAICRIIRICGH O SGHUP
flow. [0045] This type of vibration device can be used
continuously or intermttently. Such operation can
7.5t I'Thd RGP0 PElaim e WHeREnARE @hhiptertas aheaiBkéhanpbe
devi ce nmay be actuated periodically based on a
predet erm ned schedul e or may be actuated when it is
determned that fouling is, occurring. [0046] This, )
8.i nvehhe methathobelaimda Whereisithe hsat exchanger istanchine in a refining
fouling mtigation devices and processes. For exanple,
ORI AL "heen found that treati ng the surface of heat
exchangers can reduce fouling. To enhance the
effecti veness of such surface treatnents, the
9.vi brAtprocesd dui eludimrifonding iher lsdan exelariper,usmmprising:
conjunction with surface treatnment. It has al so_been
f ourproviding pdreat exghanger pith aheatexghange surfae adjacent g flow
f%lr uda_ oi | blends have different fouling tendencies.
OB %evi ce di scl osed herein can be used when certain
cru , . . e
he FezRrummes Brofindfc PORETS Hiluce™s PReRion e @R Rchanger
thaysduses shép4dtiofmin thediquidiffowdiagiadiscentito the vadexclange
the invention as described herein, and many different
susfase do neducs fopling of ke heat exghangerhod can be made while

remai ni ng..W t.hin the spisrit and scope of the invention
e chmRRTE e ey b BBt RaERErion F HSES
. . I
mE ol EhrafEnibe o rEsdrih EERE MRS, al o (G B froguency
confiod ipcRidisk adjuistihg she &é'gu@@l‘dﬁ/th& maedhahidal résoniatortwithin the
sense. CLAIMS: 1. A nethod of controlling energy output
rangerang pneunatic vi brator, conprising: producing

2 pretiting B eide R Prafon dndintpe iy from coniolling

thé%ﬁ@ﬂgy bPvitisdnessurized fluid to

10.  The process of claim 9, wherein adjusting the frequency of the

mechanical resonator includes adjusting a stiffness of the mechanical resonator.

11.  The process of claim 9, wherein controlling the amplitude includes

changing fluid pressure when generating the pneumatic force.

12.  The process of claim 9, wherein the mechanical resonator includes a

housing with a stiffening rod coupled to the housing, and adjusting the frequency



generate vibrational energy, wherein the flow of the

pressurized fluid is adjustable to control the
wa@pgpBosaste of the vibrational, energy; and nodi PEI/DsR0DTE5822

vi brational energy with a régonat or t hat responds to

the vi brational energy wth a resonance frequency,

wherein the resonator conprises a housing having a

resonance frequency and a frequency adjustnent nenber

inplpdgp at leastenesef adjusting aforceavith wdiioly thesstiffigning abd és coupled
[. the f of. .t he vi bration ener gy. out pyt
eI R T T

4 sing designing the housing to have a
thgﬁgggb rm ned resonance frequency. 3. The process of
claim1, wherein the frequency adjustnment nenber
includes a stiffening rod coupled to the housing, and
13z ontThe praegss ofckhim @y durthen corhprising ampaetasg a oepetidive impact
) djustiﬂq a force with which the stiffening rod is
vipgtionawhie generatipg dhegneymatie fereei ng a position at
which the stiffening rod is coupled to the housing. 4.
The process of claiml, further conprising inparting a
14.epethd pMResIOREThid INRaréin gédetRinEslphdifatié Bérce further
vi brational energy. 5. The ptrocess of claim1, further
coropnises gengrajimgeacaustic wawvesist i ¢ waves with the out put
vi brational energy.- o - 6. The nethod of claim1,
further conprising transmtting the nodified

13 or g BRser BEERm o7 HResh oK B i fé FRENafeE fuglpdes
prbbrdiﬁguima?@kcﬂaﬁger fals Gxthang %rreﬁﬁinngios%t‘frﬁ.t hod of
claint 7, wherein"the heat exchanger I n-l'rne in a

refining operation. 9. A process for reducing fouling
i n a heat exchanger, conprising: providing a heat

16exch"_éﬂ’@€ﬂmmlt3ﬁ’ihfaﬁ‘_§aﬁss Hér?@@l}flﬁili&'ce adj acent a flow

v b PR Rer B e BRET: vibnafors] fbike: Bndar °

o TS Pl L BARARaROLNESE) 9IRS vioracioa
foevecgamepsted by the pneumatic vibrator, wherein the resonator includes a
housing having a resonance frequency and a frequency adjustor coupled to the
housing to adjust a stiffness of the housing to change the resonance frequency of

the resonator.

17.  The assembly of claim 16, further comprising an amplitude adjustor on
the pneumatic vibrator that controls the amplitude of the modified vibrational

force independent of the frequency.

18.  The assembly of claim 17, wherein the pneumatic vibrator is connectable
to a compressed gas supply and the amplitude adjustor is a regulator that adjusts

pressure of the compressed gas supplied to the pneumatic vibrator.



controlling the frequency of the generated vibration
by using a nmechani cal resonator having a resonance
wo c@gugasey and a range of fre 2fb(l;ency control, iPCt/usiong025822
adjusting the frequency of 1 mechani cal resonator
within the range; and controlling the anplitude of the
vi bration i ndependently fromcontrolling the frequency
of vibration. 10. The process of claim9, wherein
1%dj uthe aspentblyfof edpiant§, whereiretheefréquencyladjestonmichudes a
i ncludes adjusting a_stiffness of the nechani cal
retaiBgibYy yrhic 4 foms;élssdéeéggplsfthé feequency agjastarto the housing

ntroII i tude i pcludes changing fluid
o Bt Ldhied (it Y s gied BoO e 1 ¢ Forge. 12 The
process of claim9, wherein the nmechani cal resonator
i ncludes a housing with a stiffening rod coupled to

20.he Theassegmblgnd clalin 9, wherehethier feeiemey iadphsteechides a rod
| east one of adjusting a force with which the

angt thefretaingy ip @doclsmgcum wherehyttarqueapplied taithie lagkirg nugis
’@osnlon %51 ﬂ}?the stiffening rod is coupled to
v ° BOUSU&ES of claim 9, further
conprising inparting a repetitive inpact vibration

whi | e generating the pneunmatic force. 14. The process

20f cl'Bhé¢nassemBig ofichigels;vahidreth theRQpIBALY del!%lt@remcludes arod
further conprises generating acoustic waves. 15. The

argl dretaimenfwhergimihg, remmreﬁxcsrxhgvodl ahseletted poaitions w1th
exc i nclu ovidin t exchanger that is
regp]eqt??]ghq housing fq ﬁh‘ﬁ& stb&r%%ina% SRR Yumat i ¢ vi brat or

assenbly, conprising: a pneumatic vibrator that
generates a vibrational force; and a resonator coupl ed

22.0 tTke psyeuiBly of cldikr 21,0vhéreni theaddfis Birehl&d and the retainer is
vi brational force gener at ed by the pneumatic vibrator,

a nitethat elamps the sod ta the housingles a housi ng having a
resonance frequency and a frequency adjustor coupl ed
to the housing to adjust a stiffness of the housing to

Z#Ranfzes é%%@bqgg?gﬁﬁl néii’g‘gﬂ?qﬁﬁ{ wghogxgﬁﬁtﬁfso\ggﬁg rwhél%ln one of

ISin

thawllisthiden $16f aed afiother bﬁ?}d@ﬂ%ﬂhh§a BrE6 s, Whelrbimi the rod is
controls the anplitude of the nodified vi brati onal
slidably retained in the groove and the slot and is fixed in a position with respect

to the walls by the nut to adjust a stiffness of the resonator.

24.  The assembly of claim 16, wherein the frequency adjustor includes two
rods and two retainers, wherein each retainer fixes one of the rods at selected

positions with respect to the housing.

25.  The assembly of claim 16, wherein the frequency adjustor includes two
rods and two retainers, wherein a retainer fixes one of the rods at selected

positions with respect to the other rod.



force i ndependent of the frequency. 18. The assenbly

of claim17, wherein the pneumatic vibrator is
w@eemsestsabl e to a conpressed gas supply and t heCT/US2007/025822

anpl i tude adjustor is a reg‘uﬁa‘t or that adjusts

pressure of the conpressed gas supplied to the

pneumatic vibrator.- - 19. The assenbly of claim 16,

wherein the frequency adjustor includes a retainer by
26vhi cThaassembdy wf ethitro] 6,omberein the Kousingincjudesjat deast two

t he housing_can, be varied t cﬂange t he resonan

ce .
oppased sideywabpand atleasengend wallqopngeting therRRRASR sile walls,

R s L B QPR pfeny
' ' i kng. 21. Th
ad)iibiot f5 SRR Positidiied lthg! e Iokth of ROWRLNT. 21, The

includes a rod and a retai ner, wherein the retainer

fixes the rod at selected positions with respect to
2%.he Hbeigssembly of elaige26.nehemsin hemneunaticeyibyatopis mpyated to
ot ferstgrefis Snd i oGRS AHEr o P Fibled Between
RSB i s TRERER Ul SEL RO g e nd
wan@aﬁrbetdmeredopposéd wal | has a groove, wherein the rod

is slidably retained in the groove and the slot and is
fixed in a position with respect to the walls by the
ut adj ust. a sti.ffpness. of .the resonator., 24..The
2855 ohie Gttty B laim 2orihgiein frPreuinuprag) ismgpnted to
r
oY1 885304 Y915 848 RO Ren LA e E1c Bl
selédtéd pesifieis ohahé bad Mlbsathat distdne: Baseehltlie 6dd shdieath
16, erein the frequency adjustor includes two rods
sidewvalbgnnrleg vanied.s, wherein a retainer fixes one of the
rods at selected positions with respect to the other
rod.- - 26. The assenbly of claim 16, wherein the
ou .
29;0 T BGpSEBGRE chlip) F6oknlth BRAAREAICADRALE 5 MBfinted to
onvdf the sidenalls and the fstiuens adjustos indhdes Dpsir af rods coupled
el ongated slot therein and the frequency adjustor is
atselestad peditopobétwesndhe aidsnyalihso thab gtdistance betwslentthe rods

can be varied.

30. The assembly of claim 16, further comprising an impact vibration

producer coupled to the resonator that produces a repetitive impact vibration.

31.  The assembly of claim 30, wherein the impact vibration producer is a

stopper coupled to the housing that limits vibrational movement of the housing.

32.  The assembly of claim 30, wherein the impact vibration producer is a
spring biased mount with a stopper that is coupled between the pneumatic

vibrator and the housing.



27. The assenbly of claim 26, wherein the pneumatic
vibrator is nounted to one of the side walls and the
wo e@gugasey adj ustor includes rod coupl ed bet MeENS100B025822

side walls at sel ected positfohs so that a di stance
between the rod and the end wall can be varied. 28.

The assenbly of claim26, wherein the pneumatic

vibrator is mounted to one of the side walls and the
frequency adjustor includes a rod coupled at sel ected

503|t|ons on t he end mall so that a_ di stance petween
33he Mbg assrmblyof daige 1Gefurthes comprising ag acousticigrnerator

HPREThCPr T (BrodiE S el hEFRBEH e BB

adj ustor includes a pair of rods coupled at sel ected
positions between the side walls so that a distance
et wade asseEmblydst alaim 6, inacomblinaion wilte aheatesdhangeér.
claim 16, further conprising an inpact vibration
producer coupled to the resonator that produces a

t br, at 1. .The f ¢l
50" “ T e ramRH Al SHUER 1B, infbmb Batop syl are paing Rackfol

coupled to the housing that limts vibrationa

novenent of the housing. 32. The assenbly of claim 30,
wherein the inpact vibration producer is a spring

bi ased nount with a stopper that is coupled between
the pneumatic vibrator and the housing.33. The
assenbly of claim 16, further conprising an acoustic
generator coupled to the pneumatic vibrator so that
the vibrational force is acoustic. 34. The assenbly of
claim 16, in conbination with a heat exchanger. 35.
The assenbly of claim 16, in conmbination with a
refining operation.



