01883 PC 1US99/14718 WO 00/ PROCESS FOR REMOVI NG WATER FROM FI BROUS WEB

USI NG 8CI LLATORY FLOW REVERSI NG TMPTNGEMENT GAS  FI ELD OF THE | NVENTI ON
The present invention is related to p maki ng strong, soft,
absorbent fibrous webs. Mre particul m@’mﬂmmmm“esent i nvention is
concerned Wadeotsdat ering of fibrous webg.  BACKGROUND OF PRARUSPMMENTI

Fi brous structures, such as paper webs,—aré& produced by a variety of
processes. For exanple, paper webs may be produced according to comonly-

assigned U. S. Patents: 5,556,509, issued SeIP 17, 1996 to Trokhan et al.;
5, 580, 423, |ssued"t§éGES§ FQBREMQVING WAKERFROM FIBRQISS WEB USINGed Mar .

11, 1997 to Phan; 5 t al.;
5,637, 194, i ssued ij)%?ciﬁgﬁ??&ﬁﬂéé Anpulé%mzflwplh,&E“@hg% 663, issued
Cct. 7, 1997 to MFarland et al., the disclosures of*v\hu;h_aLe
I ncorporated herein by reference. Paper webs may al so

t hrough-air drying processes as described in commonly- lemmmlm
Pat ents 4,514, 345, issued April 30, 1985 to Johnson et

i ssued July 9 to Trokhan, 1985; 4,529,480, issued July 16, *®®85 to

Trokhan; 4, 637,859, issued JanuEH%LIIOFMPNVENTlQNhan and 5, 334, 289,

ssued August 2. 3334 kol GlsBARFls Blined HRELEALIF Spalh @%mpfpgrﬁgﬁo' g

pat ents are incor pora her el n
‘paper in the absarbeat 6brquspaebsrrak/lorg pPRrtivakslye the pi;q@enaidvynmmvml cwrseseder al

steps. Initial an _aquepus dIS rsion of fibers typically contains nore
t han 99% wat &'l%qﬁi”qqgg&’ h>}E)’E§rper meki ng fibers. Al nost 99%of this

wat er is renoved nechani caI I y, yielding a fiber-consistency of about 20%
" Then, pressing and/or thermal operations, and/or through-air- drying, or

any conbi nation thereof, t y BAGKCROUNR @F THEINMENTIGNoUt 1% of the water,
| ncreasing the fﬁ@y%&ﬁkﬁh@&%’u&{ ab kfap‘@?%éb%, aapglgroggc@d E{f néiilvlayetyt QF VO

00/ 01883 PCT/ US9
processes. For example, paper webs may be produced according to commoniy-

assigned U. S. Patents: 5,556,509, issued Sept. 17, 1996 to Trokhan et al;
5,580,423, issued Dec. 3, 1996 to Ampuiski et al.; 5,609,725, issued Mar. 11,
1997 to Phan; 5,629,052, issued May 13, 1997 to Trokhan et al.; 5,637,194, _
issued June 10, 1997 to Ampulski et al.; and 5,674,663, issued Oct. 7, 1997 to -

McFarland et al., the disclosures of which are incorporated herein by reference.

- Paper webs may also be made using through-air drying processes as described
in commonly-assigned U.S. Patents 4,514,345, issued April 30, 1985 to
Johnson et al.; 4,528,239, issued July 9 to Trokhan, 1985; 4,529,480, issued
July 16, 1985 to Trokhan; 4,637,859,‘ issued January 20, 1987 to Trokhan; and -

- 5,334,289, issued August 2, 1994 to Trokhan et al. The disclosures of the
foregoing patents are incorporated herein by reference. -

Removal of water from the paper in the course of paper-making processes
typically involves several steps. Initially, an aqueous dispersion of fibers
typically contains more than 99% water and less than 1% papermaking fibers.
Almost 99% of this water is removed mechanically, yielding a fiber-consistency
of about 20%. Then, pressing and/or thermal operations, and/or through-air-
drying, or any combination thereof, typically remove less than about 1% of the

water, increasing the fiber-consistency of the web to about 60%. Finally, the



2 remaining water is renoved in the final drying operation (typically using
a drying cylinder), thereby increasing the fiber-consistency df the*web to
about 95% Because of such a great anmount of water needed to be renoved,
wat er renoval is one of the nbst energy-intensive unit operations in

i ndustrial pa¥pPevoIssPaki ng processes. According to one studyPCHE{a47bKkiIi ng is
the leading industry in total energy comsunption for drying, using nore
than 3.75x1014 BTU in 1985 (Salama et at., Conpetitive Position O Natural

Gas: Industrial Solids K Dry Energ and Envi ronpent al. Anal ysi s, I nc.
1987). Ther ef Eﬁ"@'n'ﬁer\"@teréﬁff?'agé?ﬂ 'nn*e? rﬁleab yingpRaERtign(iRiallyiusing & drying

paper - maki ng e,rmeﬁ)S@eré@ymnare@wngehe fAb&d driscfdHoy R S WES td SbouitB%

paper - maki ng i'ndustry, such as I ncreased nachlne capacity and reduced
operational cost sBegausesofisushna |gneat|~ﬁmcp1arb@f wekempeegadsta be emoved awgtef | ow

| mpi ngenent g r ) anpl e,
Pol at ot at . eorBlls il LR m i isTol udroly e RERERAYiR, il PR Chorh
1987, pp. 643méRing pocessas. | yAcdc:rrqnhggthne $tadyls paper-makidgt isg&tehdeadimg h
Yankee cyli nde for tissue pr.o | n webs haV| n | | ow
basis wei ghts™8 dlg%gh ta} effrgyp?ﬂiﬁﬂgi%ﬂ dfﬁ)'”qu%{P% Mg tha %ﬁt@?‘?&ﬂéﬁgﬁoved
in about 0.5 petgeBltsaldmascet AOCHAGEINVE HAitdn OF Nafiral Gas: Inustriaf Seheuit 42
pounds per hour per square feet, with about 75% of the total evaporation

bei ng perfor nBBINY ERR/IY ARY rEfARORMeNtas dANayes, d iRG n §98 B esThsrelr emore
ducts h
products havi ggicieft fHeticRlsYofiEaYs moJé‘??ﬂ fhe ngfal@ﬁbgea g%%&%%g gy ovidover .

For exanple, newsprint, having a asis we pou per 3000
square feet, Sbignifichrs !wtqﬂter ﬁctritba papeemakingaindustnyh oo radsinceraskdumaghame

‘'square feet o e er.s for exanple, P. Enkvist et al.,
The Val net Hi ﬁ#i?@?’%ﬁ g‘a &ﬁ%‘é%ﬂgfﬁ?%s Yankee Hood on Ti ssue Machi nes,
presented at Val nittis Raoxhnonh ngsy pEp¥ANaking adsine ute-stdddy-IGM Impiagemehkgsd,

W sconsi n, USA. | so own to use a sQnic ene uch as. that
gener ated’ by EnesHindBr Sniats & RB6a rager Webi {Sae.dof ExuURl. B &t Primg

various produgk spulpn@nddiPagePaPRhdbodk Bf '?ﬁ&%ﬂtaﬁo%?g 78587I %ﬁueshat@z Rodwi n
on June 13, 1972, teaches sonic drying and inpi ngénent flow drying in

conbi nat i on f YPigaly; HaPIRgeAERY hagsls. arejused tometharwith ¥aakes eylinfersqnserstfer
Rodwi n et al 'ti%e%ltogigas. 31n %%% héﬁﬁ&b@lﬁti@elp%\ﬁrbasis weights of about 8-11
pounds per 3000 square feet, water is removed in about 0.5 seconds. This
corresponds to an evaporation rate of about 42 pounds per hour per square
feet, with about 75% of the total evaporation being performed by the
impingement hood. The drying rates of paper products having relatively heavier
basis weights are considerably slower. For example, newsprint, having a basis
weight of about 30 pounds per 3000 square feet, has the evaporation rate of
about 5 pounds per hour per square feet on the cylinder dryers. See, for
example, P. Enkvist et al., The Valmet High Velocity and Temperature Yankee
Hood on Tissue Machines, presented at Valmet Technology Days '97, June 12-
13, 1997, at Oshkosh, Wisconsin, USA.
It is also known to use a sonic energy, such as that generated by steam jet
whistles, to facilitate removal of water from various products, including paper.
u.s. Patent 3,668,785, issued to Rodwin on June 13, 1972, teaches sonic
drying and impingement flow drying in combination for drying a paper web. U.S.
Patent 3,694,926, issued to Rodwin et al. on October 3, 1972, teaches a paper



WO 00/ 01883 PCT/ US99/ 14718 3 dryer having a sonic drying section through
which tfe wellis passed and subjected to high intensity noise from grouped
noi se generators, to dislocate noisture fromthe web. U S. Patent

3,750, 306, issued to Rodwin et al. on August 7, 1973, teaches sonic drying
of webs andwadoiesss3i nvol ving steam jet whistles spaced alRATHIATH- || ke
reflectors and | ow pressure secondary airgto sweep displaced noisture
clear of the traveling web. The foregoing teachings provide a neans for
generating sonic/acoustic energy and a separate neans for generating

st eady- f | ow i 9fgehavieat 2 vigmic gryiag rsectiem dhreuighgwhish theowsbiis rassedyandh

accordance wi -é&% [ | t ; m

whi st | es, andﬁ&{% he [ IQMeh?%‘qﬁfténes?;v@rf;g?Ergﬁg%pgaaﬁ%ezgfeggggﬁr@bgsagrllo?al?égads
to a signifi onoistyreieam dbasweipt i WS. Ratemts3,7E0)306n dswuedi to Rbdwiar et Bhadn t he
efficiency of,the ti,onal noi se generators, suych as. siren hor ps,

st eam whi st | eéugugh?)t d it%°%§p§°&!ﬁ P& ! ﬁ&e%éaﬁd“ﬁ-'_%%’ '“ﬂngféa'adlre? i onal
equi prent, sugtistes Spaded Sbiig GOUPRHRE PéffectdrsHrRSRW p@esave’ secdRdaryaaPkd f i ers
to generate the desired sound pressure, nmay al so be necessary to reach a

desired dryi ryvesPrdigplaceghmoistyreiclaariof the wrayahagye® i npi ngement of a paper
web with air or gffe fdtaybing t@é&#ihéﬁg%ﬁdé lhOMfeBRY %rsbaaer%ﬁgg%mdac%ﬁs@@posed
to a steady-flow inpingenént o prior art, may provi st gni fi1cant
benefits, inceNeIgn@nHi glseparate ymeansfongeoeiatiggrsieady-tiow impimggnestiviping. | t

naving ol at i1 s BeRnteit R HCod PR WBLTHE Piof eht FL s8R

relative to trheams a®noBetgeneestorsastbarawhistiesnafcthe Iketrequires yerp eyowekiung
.S a known and vj able. co rcial

processes. Pul se {:on‘oust i on iée%&nol oqy . )
method of  erAfRNEISEOWERE S0 dParade a dmlsarl ROWe! RepsHTPliso b isduell known
Conmer ci al  appiecart i thas then effieihcl NefUutHe! EahverlEnAI0ABIsE eftdnefdtosy SSRABas

boi l ers, coal _ gassification, .sPray d\rl%l n_g, and hazardous waste
i nci ner at i on.SifeHs. BrRspsleam waistiesjang\iha dike tpicalyt dnnat exceer JH28%y il

L bl it S7BUURMNCSonf i prd SRS A an
5,197, 399, i sanopldiekito g8berald 88 tHesitdahsound pressure, may also be necessary to -
reach a desired drying effect. '

Now, it has been found that impingement of a paper web with -air or gas

" having oscillatory flow-reversing movement, as opposed to a steady-flow
impingement of the prior art, may provide significant benefits, including higher
drying/dewatering rates and energy savings. It is believed that an oscillatory
flow-reversing impingement air or gas having relatively low frequencies is an
effective means for increasing, relative to the prior art, heat and mass transfer
rates in papermaking processes. '

Pulse combustion technology is a known and viable commercial method of
enhancing heat and mass transfer in thermal processes. Commercial
applications include industrial and home -heating systems, boilers, coal
gassification, spray drying, and hazardous waste incineration. For example, the
following U.S. Patents disclose several industrial applications  of puise
combustion: 5,059,404, issued Oct. 22, 1991 to Mansour et al.; 5,133,297,
issued July 28, 1992 to Mansour; 5,197,399, issued Mar. 30, 1993 to Mansour;
5,205,728, issued Apr. 27, 1993 to Mansour; 5,211,704, issued May 18, 1993



5, 205, 728, issued Apr. 27, 1993 to Mansour; 5,211,704, issued May 18, 1993
c WO 00/ 01883 PCT/ US99/ 14718 4 to Mansour; 5,255,634, issued Cct.* 26,
1993 to Mansour; 5,306,481, issued Apr. 26, 1994 to Mansour et al.;
5,353,721, issued Cct. 11, 1994 to Mansour et al.; and 5,366,371, issued
Nov. 22, 19%oomoiddansour et al., the disclosures of whi chPGFSENIE€1%re

I ncorporated by reference herein for the gurpose of describing pul se
conmbustion. An article entitled "Pulse Conbustion: Inpinging Jet Heat

Transfer Enhancenent” bg/ P. A Eibeck et al, and published in Conbustion
Sci ence and TeJNABIBAGY 5,288 834 \igsued@ct. 36, 1?@3-*96‘63”%@@ Pe5481, ingdacbd of

convect | ve nogir. 56303l QRREARSTENL 5 0ol isaded bftr USE 1854y hidheofiobUSt o

to generate a transient I'nges oh a The artic
reports enhanalérandg $ 366, 3&'d>mseued MVh'a‘aﬂ@QAattsansmr et éladhardl&ﬂoawpes gf 2.5

conpared to a ady-f| ow i mpi_nge The C s t t
oscillatory fwﬁ'\%\ﬁ r gétgPle \r%e %Pﬁ’é’gﬁsﬂt b%ar?fggﬁgf) 'ﬁ)‘él}gl\ll é'l gﬁgnﬁf"%%%%t QP

i ncrease in fwcnaim@ puiss combostfont  Am anizle detNvidetRulge Camlstiordriypinging
processes, atjve to the or art d vva erin nd/ or dr cesses.
In particul ar et; 'f'e?tstr %?%rvg&h?mﬂm%e ¥sBi 1A ag'(?fe?kfef otk %\;Q%gPﬁﬁ‘ed in

| mpi ngenent cgaman%,ﬂsf:léhaé\bha%@hn&s@efﬂg@s Vol o4 ppPE4T-169, HESIRBSIANg
paper machine rates, and/or reducing ai'r flow needs for drying a web,

t her eby decrr@ag\ioﬁgofscczryeéth heak tjansfae Anhaneemensi rupivingsthe Bse of pulse
web- dryi ng/ de&@ﬁtﬁfs't&gﬁ 'éjﬂénéf%}q jet ﬁ%pﬁﬁg géc}t bY 4 fléi I&@t "f article

paper maki ng process t hat t oscillatory
fl owreversi n@pprtplergmmameelsabi esnvettveé deahdtansfer aof sufas:talnoﬁ aply @ré form

drying of the dlffe [ sity.webs produced by the current assignee
and referred ?Od“%ae(P a?g%quequvf "?/pé rﬁl so believed that the oscillatory

fl owreversing i nphergppidaht Bamevbe thatase ostilkatory Bavpré\Rising umphagamenu ¢Hh
and/or drying of fibrous webs, alone or in conbination with o

wat er - r enovi n@SPIRWde Signiticach inceease: ipupAt ANd MASS H@nster éfwg?bfq%termg
| npi ngenent wagjry.ﬁ@dpréwééag Cihij %% tHEY;br"B} art Odd\GateRh& érf?]l&‘rf aﬁmg vely

renove water fromthe Wweb, the OSCI tory reversing air
shoul d i n nosprogassss. adn gp@lnukaheltvusb behe\eedsdmajtﬁm jo&Fillgtory flOW-reversmg

impingement can provide significant benefits with respect to increasing paper
machine rates, and/or reducing air flow needs for drying a web, thereby
decreasing size of the equipment and capital costs of web-drying/dewatering
operations and — consequently — an entire papermaking process. In addition, it
is believed that the oscillatory flow-reversing impingement enables one to
achieve a substantially uniform drying of the differential-density webs produced
by the current assignee and referred to herein above. It is now also believed
that the oscillatory flow-reversing impingement may be successfully applied to
dewatering and/or drying of fibrous webs, alone or in combination with other
water-removing processes, such as through-air drying, steady-flow impingement
drying, and drying-cylinder drying.

To be able to effectively remove water from the web, the oscillatory flow-
reversing air or gas should in most cases act upon the web in a substantially
uniform manner, especially across the web's width (i. e., in a cross-machine
direction). Alternatively, one might desire to differentiate, in a particular pre-

determined manner, the application of the oscillatory impingement gas across



uni form manner, especially across the web's width (i. e., in a
cross-machine’ direction). Alternatively, one might desire to
differentiate, in a particular pre- determ ned nanner, the application of
the oscillatory inpingenent gas across w v -WO 00/01883 PCTI US99/ 14718 5
the wi dth ofWOR0M88%H, thereby controlling relative noistur BCEFYRPEAATI8 and/ or
drying rates of differential regions of $he web. In either instance, the
control over the distribution of the oscillatory flowreversing air or gas
t hroughout the surface of ~ the web, and particularly in the .

cr oss- machi neth@iWigth ¢fghe web, é'a%re%pomtaolhmgare'@tmee@ms{tgﬂ§§§tet51¢ apgier gndeess of
removi ng wat efatdd 8fTHiBRNBPredicHICS -t%%bprﬁldéiﬂ%q iRfaARIGhE cAtfolSover the

i ndustrial -scal e paper machines have wi dth of about from 100 to 400

i nches, and tdigtributian of thecescilatdorydlow-eayersingpir or @23, towuighest thecsurfare of e.

SRR e OB okl £ 80

certain difficulties o I ng (presunma of
t he osci | | at ceffeatimenedsrafily prdces$ of rmidvireewater from thelwebExi st i ng
apparatuses for g ' ' such as,

nerating oscillatory flowreversing aif or gas,
for  exanpl e, pul EEPRIOHERE PARdLiced an modelfh AaY 8 dadiitpiel-scple, Papst magfines
generate a rR&us wikh BEASGRTHINRNDY 181800 HdResSEAd tral@rat ket veloditiedief up
flowreversing air or gas .across_a relatively Iarg{e area. Accordi ngl ¥ it
n

i's an obj ect ©f7.PAR fentdesminuigy erBydna widthr eiried Withrobighspegd anayeme

appar at us forof edubdld Yehtes E&RdTh | AiRIBHRs 8P TonttalliRg {HP@ SREBIY | Ghifdh)

fl owreversing inpingement gas. It s anot her OQJ ect Yot the present

i nvention to digiributior of thewosdillatory pas ithrguglysitdhe aurfans rof thaevabo Ekisting i vel vy

i oughout 1 nPRTPHAER "8 o8hereliia BRElploPL Mool Sl A, o i Chleprée 17

present i nvenéxampleO pplsevcombastgrs -ardi Aot Wellt aduptey sifean bhato Qepatste &
substantially unif air or

rm applicatign of the oscillatory flowreversin
gas onto the (ﬁéﬁ!regﬁ%ﬁ&?t' PRECTTNORRITRtENY fRlE ¢ BEJIRWTEKPEHIDY &Y BY g@?des a
novel processa@dss ahelRRVay fdrgs atéed., renmoving water froma fibrous web by
using oscillatory flowreversing air or gas as an inpinging nmedium The

appar at us and t heAggasdiagly, dfistaneobipelsefnthe present invention to provide a process
and an apparatus for removing water from fibrous webs, using the oscillatory .

flow-reversing impingement gas. It is another object of the present invention to
provide a gas-distributing system allowing one to effectively control the .
distribution of the oscillatory flow-reversing air or gas throughout the surface of
the web. It is still another object of the present invention to provide a gas-
distributing system that creates a substantially uniform application of the

oscillatory flow-reversing air or gas onto the web.

SUMMARY OF THE INVENTION
The present invention provides a novel process and an apparatus for
removing water from a fibrous web by using oscillatory flow-reversing air or gas
as an impinging medium. The apparatus and the process of the present
invention may be used at various stages of the overall papermaking process,
from a stage of forming an embryonic web to a stage of post-drYing. Therefore,

the fibrous web may have a starting moisture content in a broad range, from



I nvention may be used at various stages of the overall papermaking process,
froma stage of formng an enbryonic web to a stage of post-drying. °
Therefore, the fibrous web nay have a starting noisture content in a broad
range, from WD 00/01883 PCT/ US99/ 14718 6 about 10%to about 90% i. e., a
fiber-consi ®imyssdf t he web may be from about 90% to abdAGI/USOYA4718n its
process aspect, the present invention cogprises the follow ng steps:
providing a fibrous web; providing an oscillatory flowreversing

I npi ngenent gas having a predeterm ned freg(uenc preferably in the range

of from 15 HADoyt 18%de aeut Y%wi ai. Adiber-gaasisteaey Phiteiwrp B¥beEBARRYSI ng a

plurality of dgfesedabslf 1094t | ets and designed to deliver the oscillatory
fl owreversing I npi ngenent gas onto a predeterm ned portion of the web,;
and i npi ngi ng t he ln#s prdcess agpddt,dhe presest mvagtuyasoromsastthefw@wlmgwteggh t he

plurality of r e |

Pref erably, éé@@g ﬁgﬁbar? g%i;/vgh protvﬁr{gegrz%«'éﬁ%g fw\’s@r‘%"ﬁ%gﬁ; g%n'o vveb I n
a predeterm rrmshr@aatmedetéaﬁmedrfgecmenbympmmamtm taeaangé df feormets. Hihte first
step of provi a fihrous we e pr ceded by.step such a
ot i nchudi ripOHEE srapdgre SeooiRiong e ShRar-aarg s 5 absRie Fhetor o
The present iguett aed dééu@ﬁe@@@@@ﬁﬁr&hé%s&ﬂlatdﬂﬁfﬂowfret/&%u-?ei’m nﬁ)gémé’nttbés
dry-air-laid processes or the web that has been rewett he web nay have

a non- uni f orqftor# Biadeteraingd: pedicnorf Hei webit FduimRingingnbeaPsaten e Process
and the appar[—:-@ér’éﬁ\go a%}gﬁto ESFE tHrBY @??Hep Iurél %f ’dlsilcli‘.‘éﬁé B&ietS OffgtethyeNcy

of sone portions may be ber-conS|s ncy of
t he ot her porreimonmgohoistune freebtheAwelat @wefesa’nlwnhg oaplﬂahoeu ﬂewaréverhmgpgassent
i nvention has a_machine Eirher F .on and & Cross

eter

per pend cul ar' TBPPGES i i ¥5b 8 & PlineforfBCpllr Hine ¥ S hagmse

I nventi on corgrea oethe webveb support designed to recel ve a fibrous web
t hereon and to ca ection; | eas

gener at or desi gneéI h%o{"tﬁ? %@agfemggiﬁmgg%%% WRP A ?lﬁfﬁcé‘ﬁd EY sg"g’lésgfhaw ng
- frequency f rqﬂ?rﬁh@%ﬁcﬂ% WBb tlﬁClﬁ@lﬂHHhé@%S'@ pr@\ﬂgmﬁta bRASIty 0N Bafétfitakin
di stributing systemin communi cation with pul se generator for

delivering fibers. The present mventuon also contemplates the use of the web formed by
dry-air-laid processes or the web that has been rewetted. The web may have a
non-uniform moisture distribution prior to water removal by the process and the
apparatus of the present invention, i. e., the fiber-consistency of some portions
of the web may be different from the fiber-consistency of the other portions of
the web.

A water-removing apparatus of the present invention has a machine

direction and a cross-machine direction perpendicular to the machine direction.
The apparatus of the present invention comprises: a web support designed to
receive a fibrous web thereon and to carry it in the machine direction; at least
one puise generator designed to produce oscillatory flow-reversing air or gas
having frequency from about 15 Hz to about 1500 Hz; and at least one gas-
distributing system in fluid communication with the pulse generator for delivering
the oscillatory flow-reversing air or gas to a predetermined portion of the web.
The gas-distributing system terminates with a plurality of discharge outlets
juxtaposed with the web support (or with the web when the web is disposed on

the web support). The web support and the discharge outlets form an



t he osmllatory flowreversing air or gas to a predeterm ned portion of the
web. The gas-distributing systemternmnates with a plurality of di scharge
outlets juxtaposed with the web support (or with the web when the web is
di sposed on the web support). The web support and the discharge outlets
forman WO O Gldss3 PCT/ US99/ 14718 7 i npi ngenent regi on thexesonimen. The
i npi ngenment region is defined by an inpingenent distance "Z." The

i mpi ngenent distance Zis, in other words, a clearance between the

di scharge outlets and the web support. Pref erably, the plurality of the

di schar ge outimpingesmnpiregion therebeteaesr nilhe dmpingestent dedipniinglefined by an

! rrp! ngement g&?ﬂ\geﬁ%?fdlgtgﬁce\mf“ ?HS u?\ %' l tn%EFPYstéAc%V\Z ngl&b@?vﬂﬁ'&s Ry be

I mpi nged ont rovi'de a sub even ion of the
gas throughaearahee bamgegemfemlsmae@e oﬁtletthe:nwabe wallt supmiru vRteferablye the

oscillatory S . e | ed onto the web to prov uneven

di stributi anﬁtf:rap&agfgtgg dl'ﬁrpﬁ)‘ fﬂ%g%lﬁts EPBPIITHS #1§ qrny?eégp% erf‘r%\{'ﬂ)&g'?rher eby
al | owi ng contimpingeiment@iréd UEe oP i WeBS Prhe LBEINNRE, IOWTEVSHsInG d45 hizg B esent
i nvention, the pul se generator is a device which is designed to produce

oscillatory f'n@wseéiv%m oithg Wl toproyide ﬁaﬁHhﬁbﬁf‘éﬂaﬂ)ﬂ/@l"%éﬂ'St”WI%PﬁWn%%nt um
conponent anth%l.@ﬁagt fﬁpel Uy lﬁ%@?ﬁ%?éé% mgﬁemlternﬁfvg )Frtﬁé)bilclllﬁeryaﬁ stic

pressure gener at Se gener ator 1s convert ) to a cyc ICca
nmovenent of |raasg@eawmlmgeﬂjentocmepweb|tng>rnwgatan/emeyen distribytioar ofathengasni t h

positive cycl Itive cIe v ter ycli cal
velocity rel tﬁ?d\ygh? 'Bﬁ% 'h&&q %@Feg{r qﬁ% ?I E‘ﬁé%ﬂ @gd%gtr&grgtat er
detail bel owm@smremmegeﬂhaw\}@e ‘generator conprises a puI se conbust or,
generally conprisjn usti on chamnber n inlet, a fuel inlet, and
a resonance tube® cfg@?'t‘ %@F%‘?’Bén‘%‘“ﬁnwt@?cﬁﬁ‘iﬁ%ge%ﬁ@r ﬁ?ﬁ&"'é’?é{'}ﬁ?rhg
-acoustic waves.desidhed' RSPRAINES dsk!mﬁtdr? floW-reVersitey airl af §la§ﬂHWH?'é3%S/d:I%I Wi th
a gas-distributing system As used herein, the term"gas-d buti ng

systent defi r«elocity/raempntaat icompenentuped, a traearpu\@écscltybmwrmgme;@om@paent

desi gned to psQy, érgglyagn aﬁgﬁétfﬁsﬁgsmg %efwgfaté@ﬁgﬂ?dec P%Ilsgg%ﬁgréu)rmé;cro@g%ﬁﬁ atory

air or gas produce ator ver t
flowreversing a rcyohcaj;amo’uemanprcﬁ large amplitude, comprising negative cycles

alternating with positive cycles, the positive cycles having greater momentum
and cyclical velocity relative to the negative cycles, as will be described: in
greater detail below.
One preferred pulse generator comprises a pulse combustor, generally
- comprising a combustion chamber, an air inlet, a fuel inlet, and a resonance
tube. The tube operates as a resonator generating standing acoustic waves.
The resonance tube is in further fluid communication with a gas-distributing
system. As used herein, the term “gas-distributing system” defines a
combination of tubes, tailpipes, blow boxes, etc., designed to provide an
enclosed path for the oscillatory flow-reversing air or gas produced by the pulse
generator, and to deliver the oscillatory flow-reversing air or gas to a pre-
determined impingement region (defined herein above), where the oscillatory
flow-reversing air or gas is impinged onto the web, thereby removing. water
therefrom. The gas-distributing system is designed such as to minimize, and
preferably avoid altogether, disruptive interference which may adversely affect a

desired mode of operation of the pulse combustor or oscillatory characteristics



determ ned i npi ngenent region (defined herein above), where the oscillatory
flowreversing air or gas is inpinged onto the web, thereby renovi ng'water
therefrom The gas-distributing systemis designed such as to mnimze, and
preferably avoid altogether, disruptive interference which may adversely
affect a dewpoewdsazode of operation of the pul se conbust orP@VUSSFEA7IY at ory
characteristics WO 00101883 PCTI US99/ 14788 8 of the flowreversing gas
generated by the pul se conbustor. The gas- distributing systemdelivers the
flowreversing inpingenent air or gas onto the web, preferably through a
plurality of i ¥ehipydewersing §2sogensatereby thﬁepublee\c@mbéaofre\ébén@?s-of t he
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achi eve a degiz Qﬂpéﬁ&ﬂg oh' LB the piilsé BEndtatct andiRiFies e chéﬂé@teh@f@ﬁéfat Ur e
of the oscillatory gas at the exit fromthe discharge outlets is from

about 500F t dhe aWaief-"erBO0FD RReesfer Entbedpwisat gerierelos gamprisegetier @utﬁe
conprises an do?ritﬂéﬁa‘?“ rfe P%‘?é(rjr&ffre-ﬁrn&dly .fsrff"&rﬂfaﬁ%uf’%' NP3 t&%%&{%
u Cco I Ca t roug

resonance chanber mmu ion W an air inlet
pul sat or. Thd-iepjmhsazmegmsenatbesnaynbe ased|ihdhe mylse gehenatargofi whr[erprseelmtd (I ow

frequency) pr. led in the r esonanc chamher and

o TheneY) P ifivetel o TyBikahy. el Boifiitzskbs talide (Bl RS Be SRR G: T he
oscillating féohme&.\/déﬁneldgsownﬁ fremuéh?n ﬂtﬂhbbbt.ﬂsié coHRbLdter, tHé‘ted@ferétetb oft he
appar at us cog‘grl Si n%—ot he infrasonic evl ce have a nmeans ti ng

for
the osci | | at dPg OPPEAONL0R? 8f HYP @'t freferibe &E%ﬂa&? eyttets k¥ framm okt 59‘%\% e. The
oscillatory figu bsy®ESI Ng | npi ngenent air or gas has two conponents: a

mean corrponent characterized by a nean velocity and a
Another embodiment of the pulse generator comprises an infrasonic

device. The infrasonic device comprises a resonance chamber in fluid
communication with an air inlet through a pulsator. The pulsator generates an
oscillating air having infrasound (low frequency) pressure which then is
amplified in the resonance chamber and in the resonance tube. The infrasonic
device's preferred frequency of the oscillating flow-reversing air is from 15 Hz to
100 Hz. If desired, the apparatus comprising the infrasonic device may have a
means for heating the oscillatory flow-reversing air generated by the infrasonic
device.
The oscillatory flow-reversing impingement air or gas has two
~components: a mean component characterized by a mean velocity and a
corresponding mean momentum; and an oscillatory, or cyclical, component
characterized by a cyclical velocity and a corresponding cyclical momentum.
The oscillatory cycles during which the combustion gas moves “forward” from
the combustion chamber, and into, through, and from the gas-distributing
system are positive cycles; and the oscillatory cycles during which a back-flow

of the impingement gas occurs are negative cycles. An average amplitude of



correspondi ng mean nomentun and an oscillatory, or cyclical, conponent
characterized by a cyclical velocity and a correspondi ng cyclical nomentum
The oscillatory cycles during which the conbustion gas noves "forward" from
t he conbusti on chanmber, and into, through, and fromthe gas-distributing
system are pweiov/omes cycl es; and the oscillatory cycl es dur PAGHUSINIETIBa
back-fl ow of the inpingenent gas occurs @re negative cycles. An average
-anplitude of WO 00/01883 PCT/US99/14718 9 the positive cycles is a
positive anplitude, and an average anplitude of the negative cycles is a
negative anpl ihﬁua@SIt'\&JP}'(HgS i@ pesiiive amplitusiee andtare averagenaepitude gisheas a -
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di sposed on th urin e nega
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The positive directlon | osite to the negative rection, and the
positive vel o VSE dés%oﬁﬁgs?'ggh heURREGat aog é}gm@cﬁ\eyne%gep@'ﬁ'?ﬁ \}B

vel ocity Cormmﬁmﬁ@emént a%aﬁﬁa rteaan/é Pslotigoairédted e hamigative eireatidit Thand
the nean velocity has t positive direction. The pul se conbustor produces

an intense acBRd Yecd'b?"é@é‘dﬁ OPPPESila toatheynagative Iqé'e%ti% @ngrthe pgsitive velpciy,
i nside the cogtyposRe & m%atlvgme%tﬁ? Ol’ﬁk' ﬁosﬂ%e\ﬁé’cﬁt? doRfpoheat ist gregRe¥i MUM

| evel in the conbustion ch open end of t'he resonance

t ube, the acothanitbemegsative evejosity @am@deatt anuethexneamf/elome hag dloe positive ube.
This drop in bi ti%oustlc pressure results in a progressive ‘increase in
cyclical vel oci y Which reaches its nmaximumat the exit of the resonance
tube. In the pref eFespulselcomblustor pygpduces lapeinteiseraroastid presagey sipically in

pressure is ni e ex] the resonance tube - in er to chieve
a maxi nal c;&\ i @ er\PéI{éh t"y)‘i% ‘ﬁ\ ngidRathie; cqm t'Bf‘ ‘g?é“tfqrat {58&? PEBIS fjerrent
gases. The dg@iseare RACRES WS hEXIMUAT RVEEINPHREESRb@tion ér%%‘ef?s DQé 8 the
typically associated with sonically enhanced processes grlor art:

At the exit oPPeMend gt ﬂlﬁ RSPNBIAS Wheststaoerstinpressure 'éa(ﬁdwgdo@tu ¢ exitaigi ng
f b : ,
rom about 1, .moreggﬁéﬁdé t888 ;ét 9%? iR H:cé i pr@&g: %as é@& %hhfaér%gﬁﬁgom

2,500 ft/mn to about IS ca cula e nmeasured
acoustic prekegasei im cy@cabrvbmtty ovhich aebetres Ihenanmrrpraéftber@dt ofdhecal
-velocity is.. resonance tube. In the preferred Helmholtz-type pulse generator the acoustic
pressure is minimal at the exit of the resonance tube -- in order to achieve a-
maximal cyclical velocity in the exhaust flow of oscillatory impingement gases. :
The decreasing acoustic pressure beneficially reduces noise typically
associated with sonically enhanced processes of the prior art.

At the exit of the gas-distributing system, the cyclical velocity, ranging
from about 1,000 ft/min to about 50,000 ft/min, and preferably from about 2,500
f/min to about 50,000 ft/min, is calculated based on the measured acoustic
pressure in the combustion chamber. The more preferred cyclical velocity is
from about 5,000 ft/min to about 50,000 ft/min. The mean velocity is from about
1,000 ft/min to about 25,000 ft/min, preferably from about 2,500 ft/min to about
25,000 ft/min, and more preferably from about 5,000 ft/min to about 25,000
ft/min.

It is believed that for the web having moisture content from about 10% to
about 60%, the apparatus and the process.of the present invention allow one to

achieve the water-removal rates up to 150 Ib/ft>hr and higher. In order to



from about 5,000 ft/mn to about 50,000 ft/m n. The nean velocity is from
about 1,000 ft/mn to about 25,000 ft/mn, preferably from about 2,500
ft/mn to about 25,000 ft/mn, and nore preferably from about 5,000 ft/mn
to about 25,000 ft/mn. It is believed that for the web having noi sture
content fromvehaorsssl0% to about 60% the apparatus and thecpusseesss of the
present invention allow one to achieve yge water-renoval rates up to 150

| b/ ft2hr and higher. In order to WD 00/01883 PCT/US99/ 14718 10 achieve the
desired water-renoval rates, the oscillatory flowreversing inpingenment
gas shoul d praghievebl thef slesirath wsidrireetovaly rafdsowtte edstillatorys tflomt-iexeitsyng

uniformy co ' roughput. 1 he surf Q y of
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di stributing siftrmip bentactivgyt thet web throaghmltitye spHate @ﬂtthe mebngedeom)oot he
drying surface of the b t hr ough twork of the discharge oytlets.
Therefore, th@&° omRlshing '6ft°tﬁ@'95ﬁ g’?eﬁ'f’wl Al &g |°(§ﬁ'(ﬁfa's°r¥j(%qsgﬂ' #5’ §P8char ge
the oscillat Otﬂnbttrfbhﬁr\cfjg spﬁéﬁhrsé @%étaﬁﬂ.ageémml %‘pnt 8hd #ASIngBE ®ntd he\BRing
according to arque et erm ned refera controll able_ pattern. A

pattern of diS4TAcBAf tbﬂ\"tﬁbﬂ“ﬁ@lﬁm @cﬂ‘? QK Ofém p@pﬁaww&w TGQ@f‘Eﬁeef@rred
pattern of di ;Spsar 'o%é: bhhvertidH Qdee@glemto 3lseag teetﬁe%ﬁmxtorﬁ@w.

di schar ge out ets o t he |str| utlng stemnay ave a variety of
shapes, incl umvagsnwtmmogememh aiedr ges oata therwlels hapardingetne? are-getesoinadgul ar
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is a conbi negutie magnesy. f OneRrefeited|pattemibndisttibltiorpedmpriseasa 8bn-tdreiom
di scharge outlets together. An area of a portion of the web inpinged upon

by the oscil | 889§ eHIBRY: r eversing i npi ngenent field at any monent of the

continuous processthe disBRargk BUHIBEEHERE &d’se&strlgutmdz’é,ﬁt@rhafﬁéy hald@ vty S
supported by the web support, nore preferably traveling in the nachine

di rection. | nof shanssefngludipg dvbaot limitedaomaaiesng sshapeo gerenally Hgctengular
| mpi ngement  digt rg’;éf‘% g%?aqg%t-ﬁﬁé% etétﬁdék\ﬁf égé 81;58 é@%uﬂexs WG dPnal

manual rrechanl S as aut onat ed ausi
area "A" and an equivalent diameter "D." A resulting open area “ZA’ is a

- combined open area formed by all individual open areas of the discharge outlets

together. An area of a portion of the web impinged upon by the oscillatory flow-

reversing impingement field at any moment of the continuous process is the
impingement area "E."

Preferably, the web is supported by the web support, more preferably
traveling in the machine direction. In the preferred embodiment a means for
controlling the impingement distance may be provided, such as, for example,
conventional manual mechanisms, as well as automated devices, for causing
the outlets of the gas-distributing system and the web support to move relative
to each other, thereby changing the impingement distance. Prophetically, the
impingement distance may be automatically adjustable in response to a signal
from a control device, measuring at least one of the parameters of the
dewatering process or one of the parameters of the web. In the preferred
embodiment, the impingement distance may vary from about 0.25 inches to
about 6.0 inches. The impingement distance defines an impingement region, i.

e., the region between the discharge outlet(s) and the web support. In the



the outlets of the gas-distributing systemand the web support to nove
relativeé to ‘each other, thereby changing the inpingenent distance.
Prophetically, the inpingenent distance may be automatically adjustable in
response to a signal froma control device, neasuring at |east one of the
par anmet ers aofobdesssdewat eri ng process or one of the paranepermsohatibe web.
In the preferred enbodinent, the inpinggyent distance nmay vary from about
0.25 inches to about 6.0 inches. The inpingenent distance defines an

I npi ngenent region, i. e., the region between the discharge outlet(s) and
t he web suppareferted embodMded)/DdBi®30fREE/itdBBReinenl SistdricepZ ¢b ¢ne eduivalent

mbodi t, a.ratj f the.inpi - di Ztot 2qui
G anetor D ofieReled Ler bR gu BRI E - - 28] rdn Pei 238 5% §5Ps About
10. 0. A ratiratiofoftthe re€ating opén GPed A RAthBAmipihddhterit Bba g el Deq & (i .
e., EAVE) is from0.002 to 1.000, preferably from0.005 to 0.200, and nore
preferably friEam QPP 1808, pesberably faerm %Qﬁﬁ)é ReR0, apd angygsprafesably fiam ng

system conprige$o & olegst one bl ow box. The bl ow box conprises a bottom
plate having the plurality of the discharge outlets therethrough. The bl ow
box may have a suHistonet embogimenhithe gasedistobutingsysteml camprigeisvatl least dre

bottom pl ate t b nay. Vi nQER: . Pl r..Or Ccurv ha such

as, for exarrptﬁé\?/ %%ot@%vfl@éggg,cogﬁ) rgeg&gg\t/oerﬁ pzagpr@v'q%ﬂ}?ngﬂé‘?ﬁr%%m%t of
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lication of the oscill at ' '

sections. An angl ed ing flowreversing air or
gas may be  HEHEM Plale (EEASVEN. Dol Blate (of i blas DOAMAYSA R Ml
bet ween the gR84rPbr cwved %ﬁﬁg?,f sudhCadVarr %HQ’ﬁ?I‘éE al &nvex SHahacsr chﬁghﬁe

| mpi ngenent area E of the we and the positive directions of

osci |l I ati ng s¥@gndn@nesmbegimgakof the dligym bokea ganeralycgavaxubottam pigteisinge
from al nost £ At E6chs, These angles may be oriented in the
machi ne di reg'?ﬁﬁ%,q B?r? @%%ﬁg%ggénaghl ne direction, and in the direction
i nt ermedi at e t he rfacangled cipplicatioarofane ostidatingiewredtsing aidor gas nay. bed

Phe. web. " Thi SAFFERDEHERS RS PR T RelPB Ty THVEERTPOBPITS  he.
. ' surface of the web support (or a surface of the impingement area E of the web)
and the positive directions of the oscillating streams of air or gas through the
discharge outlet may range from almost O degree to 90 degrees. These angles
may be oriented in the machine direction, in the cross-machine-direction, and in
the direction intermediate the machine direction and the cross-machine
direction.

A plurality of the gas distributing systems may be used across the width
of the web. This arrangement aliows a greater flexibility in controlling the
conditions of the web-dewatering process across the width of the web. For
example, such arrangement allows one to control the impingement distance
individually for differential cross-machine directional portions of the web. If
desired, the individual gas-distributing systems may be distributed throughout
the surface of the web in a non-random, and preferably staggered-array,
pattern.

The oscillatory field of the flow-reversing impingement gas may
beneficially be used in combination with a steady-flow (non-oscillatory)

impingement gas impinged onto the web. One preferred embodiment comprises



conditions of the web-dewatering process across the wdth of the web. For
exanpl e, such arrangenent allows one to control the inpingenent” distance
individually for differential cross-machine directional portions of the
web. |If desired, the individual gas-distributing systens may be

di stri but ed wonomgbout the surface of the web in a non-rapdousssasms
preferably staggered-array, pattern. Theggoscillatory field of the

fl owreversing inpingement gas may beneficially -be used in combination
with a steady-flow (non-oscillatory) inpingenent gas inpinged onto the
web. One pr ef%ﬁqi@dtl@‘%@'éﬁfﬁ%&ng %m‘rlpﬁh@fbgf the WIIQELCEB%OW@WQJSM gaprard thep
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relative to the ort web support nay includ vari et f
structures, for \gﬁ?}ﬁa sHB’E}%’?r@?@f H@a'b‘g%c? d’rar'Bé/I P g‘"%‘? g’ér %"&8
drying cyl i ndgdperfiaRing Baider peief wire est eerben aeaty,mg fwnrmﬁa [UPPOIt the avel s
in the machine direction at a vel ocity of from 100 feet per mnute to

10, 000 feet peiefafasd eambogiment,ther web support travelseinotier Q‘aS'F'”F riregten Aighor t
is from 1, 000,d6&ty mfonﬁrﬂﬁgtfé‘etgfé %&Q%ﬁ@%ﬁooﬁ@ét pdF MinLfe. Bk BHaRa5eIS of
t he present invention may In several principal steps of fhe

overal | papermwelw:ltyrqidb@webmnoasﬁ fromr 1,8 fest per mMiowtaitad 0,QW: feet aasf er
bre ATVl oA CYhd MBI Gh e oAU S Hiith ey U apBRS el 8y One

preferred Ioc Ion o enen a
dryi ng cyl i ndprincipal aerjs ynfngxehowajlLp@p&pnaledgmpnob%shesmhyaagforcszkamuler, in
whi ch instancg the we E ort LET\I/ conprise a surface of the éﬁyr.%(in
cylinder. In N "r?B N RRETY! 'H@E}%%"”H%EF%C 5oL AkER)

end” of the cy&stmﬂﬁhgdrmfe p?@‘l@rr&l ){dncflﬂnohecsﬂ d@mﬁpuhgameﬁtafbgv@n GO @ké@d by

t he conbi nation of wrap around dryi ng cylinder and machi ne speed.
The process .@rrpaﬁthew%na ma@pmlmden aﬂﬁ@ AYing mﬂq JﬁhtaBPS%Wﬁfﬂm% B ent s
present in th I ed
enbodi nent OfE){ﬂ'dEF‘% e@h%golrntg@@gé%{?ﬁidjgaw ﬁéﬁ%(? %dggg ‘t?ﬁaefrt or

band havi ng admwgig cymdact ilmgneeniaimeant tize nmpmgement hood is located on the
“wet end" of the cylinder dryer. The drying residence time can be controlled by

the combination of hood wrap around the drying cylinder and machine speed.
The process is particularly useful in the elimination of moisture gradients
present in the differentiai-density structured paper webs.

One preferred embodiment of the web support comprises a fluid-
permeable endless belt or band having a web-contacting surface and a
backside surface opposite to the web-contacting surface. This type of web
support preferably comprises a framework joined to a reinforcing structure, and
at least one fluid-permeable deflection conduit extending between the web-
contacting surface and the backside surface. The framework may comprise a
substantially continuous structure. Alternatively or additionally, the framework
may comprise a plurality of discrete protuberances. If the web-contacting
surface is formed by a substantially continuous framework, the web-contacting
surface comprises a substantially continuous network; and the at least one

deflection conduit comprises a plurality of discrete conduits extending through



backsi de surface opposite to the web-contacting surface. This type of web
support "preferably conprises a franework joined to a reinforcing structure,
and at |east one fluid-perneable deflection conduit extendi ng between the
web- contacting surface and the backside surface. The framework may
conprise a waobwdigwati ally continuous structure. Alternati vedtyusss/i4718
additionally, the framework may conprisgza plurality of discrete

pr ot uberances. |If the web-contacting sur?ace is formed by a substantially
continuous framework, the web-contacting surface conprises a substantially
cont i nuous ndhewrsupstantialiyhecantinueast frameswatkf | eath oxiscoeteuidondoitprbiesws a
plurality of di sg}r gt e ‘%ﬁ{]ﬁ‘%{ft s _extendi ng through WO 00/ 01883 PCT/ US99/ 14718
13 the subst antPaP >s,s bR 3newor k, each discrete conduit bei ng

enconpassed by t h&Jsingimi\process/andahé pparalas s tae prédet apation Wheotart he
present invention one can sinultaneously renove noisture fromdifferential
density por t iSYRYItERSOySly Feeove Binisture, frogb difteseitial dansity RAPRS styctyred he
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rates -- from,the differences in the relative depsities, of the differential
bor ¢ 1 oms of -t HEPGIets hF REPRER A ook bocgREve K SeBhuteh i Woit | on.
ei ther al one removal ERArBLIRABLE oVittid) devlfering regBsLt nibsy iiMPort&ftly @ater nat e
the application of the drying cylinder as a step in the papernaking:
process. One rMoyvAlraRsef- F‘P’th%ﬁﬂfqr@%ﬁeisdﬁsth@ffe@ﬁ\ée dgpgjties of ther diffgeenbirbsent

i nvention is Jddui&ndy H%We%rbé{\j\deae\k Lpyph-air-drying, including application
of pressure enerate(} y, for ‘exanple, 'a vacuum source. The apparatus of

t he present i nventliherproegssoef the peésarit invientions,ezithien abomebdmiatdoominationtwith

Lacuim appe b pRbf ATurioheS e 1 HOGIATREI 4 BB et 4o
vacuum appar adteys in she rpfperabkiygj prstegsos €@henof the peefeael sappticatiorisaok tref t he
process of the present in‘vention is in combination with through-air-drying,
including application of pressure generated by, for example, a vacuum source.
The apparatus of the present invention may be beneficially used in combination
with a vacuum apparatus, such as, for example, a vacuum pick-up shoe or a
vacuum box, in which instance the web support is preferably fluid-permeable.
The vacuum apparatus is preferably juxtaposed with the backside surface of the
web support, and more preferably in the area corresponding to the impingement
region. The vacuum apparatus applies a pressure to the web through the fluid-
permeable web support. In this instance, the oscillatory flow-reversing gas
created by the pulse generator and the pressure created by the vacuum
apparatus can beneficially work in cooperation, thereby significantly increasing
the efficiency of the combined dewatering process, relative to each of those
individual processes.
Optionally, the apparatus of the present invention may have an auxiliary
means for removing moisture from the impingement region, including the

boundary layer. Such an auxiliary means may comprise a plurality of slots in



web support, and nore preferably in the area corresponding to the

i npi ngenent region. The vacuum apparatus applies a pressure to the web

t hrough the fluid- perneable web support. In this instance, the oscillatory
flowreversing gas created by the pul se generator and the pressure created
by the vacuwo oeqipsir at us can beneficially work in cooperatR@HS¥HEteby
significantly increasing the efficiencyli#f the conbi ned dewatering
process, relative to each of those individual processes. Optionally, the
apparatus of the present invention may have an auxiliary neans for

renmovi ng noi SWE CoFRigatian; with rﬂj\eﬁt‘mder 8% AaviNa clNBdRIRPSPRENIC PERRRYES-y

| ayer. Such aitepnativelylof dBRAGEHANRY t5ORKIIBR Fnddrid! fldy! ¥oRbrisé o SvacluMO
00/ 01883 PCT/ US99/ 14718 14 fluid comuni cdtion with an outside area having

t he at nosphersiogrqss @nduateleastrpne vacuuny slop mermrm froontiel impingamenixegioar y
o ey comRiddicaf 88 dtcalf ib e AN A2bich® YRE VRISl fEd =nd! N

fromthe inpi ngerrent regio an ar ent he "I npi ngengnt
regi on to thdherabypnodding flaid cdrﬁremrabgﬂqmrtbmeben@e‘nl uid comuni cation

t her ebet ween. BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a schematic and
sinplified side elevational view of an apparatus and a preferred

conti nuous process of thesm@rsggs(mmN@F Tﬂqu\RAwmgsjl se generator
emtting osmllatoryflow—reversm npi ngenent air gas onto a noving

veb suppor t ed" Gy 14haskapEatc pad 6i e nBARie e Etiop @e\q RPN AAE a
cyclical velocity ngY&feﬁ'Q&’ c@nms\’&he&ést Meoére% Sitlon! 2h6W ulse .

fl owreversing inpingenent air gas, Teal v | otity ng gorrprl si ng
a positive-cycle geheltatdzqewiltir@mbcalatmgdlbwvrevelysmgemmmgmner}t al2or G@LoNt® i s a
diagramsimlar tqQ the di agr am sho show ng of f- phase

i G
distribution of tRE"QYYME |S”989'6%‘¥@&53/8§%"8P35P\$8fEB” in acoustic pressure

P. FIG 4 is RGsehsardiagrafnshowing i dychehl velbeite Me\Gridl ® AdanWetokitpfVv af mul se
conmbustor which can _be used in the apparatus and the process of the
present i nventi ofScittptery Howir %V%S'BSﬁWP@BeW@V\P'[ Qk@ﬁsa‘lhérchl"?%éle@ﬁ“ﬂxcof

FIG 4, and show pgrikRlobositive-cycle velocity V1 and a negative cycle velocity V2.

FIG. 3 is a diagram similar to the diagram shown in FIG. 2, and showing off-
phase distribution of the cyclical velocity V¢ relative to an acoustic
pressure P,

FIG. 4 is a schematic and simplified side elevational view of a pulse combustor
which can be used in the apparatus and the process of the present
invention.

FIG. 4A is a partial view taken along line 4A-4A of FIG. 4, and showing a round
discharge outlet of the pulse combustor, the discharge outiet having a
diameter D and an open area A.

FIG. 4B is another embodiment of the discharge outlet of the puise combustor,
having a rectangular shape.

FIG. 5 is a diagram showing interdependency between the acoustic pressure P
and the positive velocity V¢ within the pulse combustor.

FIG. 6 is a schematic and simplified side elevational view of an embodiment of
the apparatus and the process of the present invention, showing a pulse

generator sequentially impinging oscillatory flow-reversing impingement



di scharge outlet of the pul se conbustor, the discharge outlet having a
dianeter D and an open area A. FIG 4B is another enbodi nent of the

di scharge outlet of the pulse conbustor, having a rectangular shape. FIG
5 is a diagram show ng i nterdependency between the acoustic pressure P and
t he positivevormloosssaty Vc within the pul se conbustor. FIG ETussigthenati c
and sinplified side el evational view of @n enbodi nent of the apparatus and
the process of the present invention, showing a pul se generator
sequentially inpinging oscillatory flowreversing inpingenent WO 00/ 01883
PCT/ US99/ 14718 18ir Zirrgasr aligrpating wﬂha&teacg'-ww limpimeanhfenf kisveri ggs ogtentbet ai r

or gas onto the b ndI r traveli in a
machi ne direction. QF%Q?Dpoof{e g<ya %r& Eﬁgr?r h%n?c/) t@/‘\f ﬁpg 'Hegagﬁgﬁ'ﬂaus of
t he present i nventiredstion. conpri si ng a dryer hood of a drying cylinder, the
web being su r ed by . the. dr er. FIG 7A rtial schematlc
Cross- secti o%g(g i ‘B éf’h?’ﬁét'caﬁé@labf’ 8 tn%épp?ﬂa&seﬂ'lt Shenf?%ﬁﬁf‘bl‘f'vef’ﬂ%” hudi ng
web support conpr EShPAsiAg @rdfgé}%cfdd éf@&&nnﬂnh&éﬁ%@w@@%eﬁ% rtedhya

pul se generator's gas-disStributing systém” conprising a pl urallty of "t he

di scharge outl et sthﬂ'@f%nﬁgf aviewsimlar to that shown in FIG 7A and

showi ng the 8 TPROK! cafaBIcHAR clLULMde] AP ! dopdh 65 150Re1 N0

i npressed be suppor he sur ace o I'’ng Ccy

the oscillatory fpmesent emhﬁomgmgmarfgeweb amplortedompnstlh@ a/\ﬂh/m@rcyugdmrt he :
web support. FIG 8 is a schematic representati on of a continuous

paper maki ngpr ocesgar&'”gt%\%’eBrﬂé%réﬁf‘ ang\2 PLSen9enarales & (9asy qi@"'%‘l'ﬁ,g 8YsteRe

possi bl e | ocati ongoMpriéiRg a Fﬂmﬁ{yq;f% gﬂ‘scﬁé}@ewugggnt invention relative to
the overal | papermaking ~process. IS a schematic cross-sectional

pl an vi ew t akéa BB g vvqwnenwagtq)mai:sf@wmm Fignd As lsodishgwingehe msbasuppatt of a
non-random patt er 90’{'}@{} iR§ aMiG PerdEANFE BER the Wi BERE FRpRUssbE bRtwddr @B Ve 1O

the surface of th
web support and the surface of a drying cylinder, the oscillatory flow-

reversing gas being applied to the web through the web support.

FIG. 8 is a schematic representation of a continuous papermaking ‘process of -
the present invention, illustrating some of the possible locations of fhe '
-apparatus of the present invention relative to the overall papermaking
process.

FIG. 9 is a schematic cross-sectional plan view taken along line 9-9 of FIG. 1,
and showing one embodiment of a non-random pattern of the pulse
generator’s discharge outlets, relative to the surface of the'web.

FIG. 9A is a schematic plan view of the discharge outlets, comprising a
substantially rectangular orifices distributed in a non-random pattern.

FIG. 10 is a schematic cross-sectional view of one preferred embodiment of the
pulse generator's gas-distribution system terminating with a ‘blow box
having a plurality of discharge orifices extending through the blow box’s
bottom.

FIG. 11 is a schematic plan view, taken along line 11-11 of FIG. 10, and
showing multiple blow boxes successively spaced in the machine

direction.



FIG 9A is a schematic plan view of the discharge outlets, conprising a
substantially rectangular orifices distributed in a non-random'pattefn.
FIG 10 is a schematic cross-sectional view of one preferred enbodi nent of
the pul se generator's gas-distribution systemtermnating with a bl ow box
havi ng a pl wadoiosss of di scharge orifices extendi ng througPCrRESIMI4aW box' s
bottom FIG 11 is a schematic plan viewestaken along line 11-11 of FIG
10, and showi ng nultiple blow boxes successively spaced in the nmachine
direction. WD 00/01883 PCT/US99/ 14718 16 FIG 12 is a schematic

cross- sect i ofidP- 12 énadichematicsessriestionsl viaye obpeenRadimentefiige Hlew besd
convex bottom FI ; | ko and nore detail ed cross-sectional
vi ew of the bl ow O\Q 3)séhd(|)"\?\vmé’a| ?}&E{F%ﬁ&i@ﬁ provi di ng an angl ed application of
the oscil | at 61G. 82A ia schematia ahdimoveedetailed trasiseseptomea aieve oftble tdow poxt .

FIG 13 is a schenptic.c sc.sectional vie f an _enbodi ment. of the bl ow
box havi ng . bot W BHERT o2 groviieanianBlp et ian Sf hEcREUSlont A e
form ng a generaghy reRiVETo & AaREpIebbR V¥ udpK. s bottom FIG 13A is a
schemati c di ?:?ram showi ng distribution of the tenperature of the

I

oscillatory Ffilowl3 ésarsshamatiasrass-sgctional vigye ok antembasimenteofthe e pokavi ng
the curved botto : | ; i . i .
schematical ly sh:)rhvvlél\(;1 Fﬁ’é&fd&% %é&mﬁ%‘%‘ifﬂfrghg Oéc SWB[‘ péﬁgé ggé?dsnesct:}?{nt(‘)'ﬁg} Vi ew
of an enbodi nent efgenkrllylconvddoshapeas tegblawthoxisdubtioomcave bottom FI G 14A
I's a schematic.diagr.am show distribution,of the t erature of the

f1 owrever si Gi'mﬁﬁér%ﬁ?maﬁggﬁr%ﬁ' RWING,JistripHYoR Pﬁg%btlemef?gﬁreh%{vtpﬁg t he
curved concave bobgdmatsseswmrévendihy gab @il & theGxitlifom fthébloWabbs® having
schematic side el evational view of an enbodi ment of the process show ng a

plurality of pul sthegeuniedhsttemssriteaatispiyt shawn in e dAopheectional paiom
e et ", O Sl oy i et o) and sehemtic i e

FIG. 14 is a schematic cross-sectional view of an embodiment of the blow box
having a curved concave bottom.

FIG. 14A is a schematic diagram showing distribution of the temperature of the
flow-reversing impingement gasses at the exit from the blow-box having

- the curved concave bottom schematically shown in FIG. 14.

FIG. 15 is a schematic side elevational view of an embodiment of the process,
showing a plurality of pulse generators spaced apart from one another in
the cross-machine direction.

FIG. 16 is a partial and schematic side elevational view of an embodiment of a
fluid-permeable web support comprising a substantially continuous
framework joined to a reinforcing structure, the web support having a
fibrous web thereon.

FIG. 17 is a partial schematic plan view of the web support shown in FIG. 16
(the fibrous web is not shown for clarity).

FIG. 18 is a partial schematic side elevational view of an embodiment of the
fluid-permeable web support comprising a plurality of discrete
protuberances joined to a reinforcing structure, the web support having a

fibrous web thereon.



fl ui d- pernmeabl e web support conprising a substantially continuous
framework joined to a reinforcing structure, the web support having a
fibrous web thereon. FIG 17 is a partial schematic plan view of the web
support shown in FIG 16 (the fibrous web is not shown for clarity). FIG
18 is a partwabo@asdsenati c side el evational view of an enboedTnesw/1478 t he
flui d-pernmeabl e web support conprising aqplurality of discrete

pr ot uberances joined to a reinforcing structure, the web support having a
fi brous web thereon. WD 00/01883 PCT/US99/14718 17 FIG 19 is a parti al
schemati c pl &iGvil@vis ¢f partiel sehiematicoplan vigvowh thenwBbGuppert showa ihi BiGouks web .
I's not shown for ?tll'\grff.bté%s' El G Ohis ? scihﬁmatic representation of an
enbodi ment of the‘pal's e‘ﬁ%’? St SRR ©F Y)f he present invention,

conpri si ng arFIGnR203s arschematic egpreséitanin-slanepbolitdritf e phlse IgekEratdrON The
first step of the process of the present invention conprises providing a
fibrous web. As udeefuhibytbepresent invention,icormprisingean nfragsonic ApYige web, " 60
(FIGs. 1 and 6-9) designates a, nacroscopically planar substrate
conprising cellulosic fibers, synthetic fibers, or any conbination
thereof. The web 60 nmay DBETANED DEGCRIRTION OFBIKEANVENI¢@Ns known in the

2t ncluding, Depl hoThE £ Bced o AUKRILEONRLARLPEEAR AN Byidng

t hrough-air drying process. € f1ber conprrsing

i ncl ude recyd fimpuswebe dsncarhergiapies teni “figroluis weests”, or simplyeebdBO/(RIGEN
paper maki ng fj bequg. Scrqch fibers may conprise hardwood fibers, softwod -
fibers, and roAQEul eskiiales Amarsesropically plangr sUPIFae comprising celiglosic

Square feet (PESaanTegy BarBE ohy KRirhalh sheE 1R b 8O W LE Hadil0-
webs havi ng byaaniy pagergiakinfg procebo khowd in tiie @i frtchuding, atnd utot lidditedbto]l @O0f t 2,

L0 Dot Bl S BB Al bR B e
wei ght i n t heofipieingtthe Wed8atthay titcidd rddptieB 08K $§ebonaad, Papsiidiiiig fsErsr s - -
havi ng typical basis weight is about 30 |b/3000ft 2. )
o as well as virgin papermaking fibers. Such fibers may comprise hardwood
fibers, softwood fibers, and non-wood fibers. As used herein, the term “fibrous -

- web” includes tissue webs having basis weight of from about 8 pounds per 3000 - -
square feet (Ib/3000ft) to about 20 1b/3000ft°, as well as board-grade webs
having basis weight from about 25 1b/1000ft’ to about 100 Ib/1000ft?, including
but not limited to Kraft paper webs having basis weight in the order of from 30 to
80 Ib/3000ft?, bleached paper boards having basis weight in the order of from 40
to 100 Ib/1000ft?, and newsprint papers having typical basis weight is about 30
Ib/3000ft’.

The first step of providing a fibrous web 60 may be preceded by steps of
forming such a web. One skilled in the art will readily recognize that forming the
web 60 may include the steps of providing a plurality of fibers 61 (FIG. 8). In a
typical continuous papermaking process, illustrated in FIG. 8, the plurality of
fibers 61 are preferably suspended in a liquid carrier. More preferably, the
plurality of fibers 81 comprises an aqueous dispersion. An equipment for
preparing the aqueous dispersion of fibers 61 is weli-known in the art and is

therefore not shown in FIG. 8. The aqueous dispersion of fibers 61 may be




The first step of providing a fibrous web 60 may be preceded by steps of
form ng such a web. One skilled in the art will readily recognize that
forming the web 60 may include the steps of providing a plurality of
fibers 61 (FIG 8). In a typical continuous papernaking process,
illustrated Waoi183 8, the plurality of fibers 61 are prePEVEBN4RYspended
inaliquid carrier. Mre preferably, theg plurality of fibers 61 conprises
an aqueous di spersion. An equipnent for preparing the aqueous dispersion
of fibers 61 is well-known in the art and is therefore not shown in FIG

B. The aqueou¥owdsdde & bradboxiG5 assshewniayFige 3wONhIea sBglepbgadhox s 5718
18 provided t 0 - | i S oX 65
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headboxes i n al@rativeatarraagameatsgefrethe s paicetd eofpithee gereseaft tenporesentthe

i sper si on ofeadBBRES) 2hd te Riame Gt RrBERHg, becp i irersion o TBBR ont
No. 3,994, 771arel fypicafly top thdbiygandisdesed &h P8, Faveites. 8@o4F9746 issMidcd

patent is incorporated by reference herein. The preparation of the aqueous

di spersi on ofMpigan pagdrisaiamiloverbes Wnd BRenyilidr pataidriscinepipsfated RY such
an_aqueous dr'eﬁeﬁ@ﬁéé erdirf d.eﬁfér'ﬂ?@ﬂaﬂaﬁg@[}éﬁ?t@%egﬁ&é&&h'cﬂséér§o?'3%tfefﬂe

4,529, 480, whi patent Is incorporate ence herein. The present
i nventi on al spapeomakinpl fibers aride axeaptery t bkaraeterislicst crfmsdchy adr gaagoud ai d

processes. Su roce re .. describ S for l,€, - Paper
Pechne-d of NEHREGTAGhrAA AR eL 0 SHE 5 2 aMen LD
The present iigvetdrporated by refepsriceniidraineSThé praseat (rivehtion iy Edhtémplatdsas
been rewetted, Rewetting of a  previously-manufactured gsr%éﬁgeb may be used

for creating PRYSE ofi en¥eR 89 formem by FrudidREsPIRyesSesy [ReesEHBSSi ng
the rewetted wgfigsd #d?ﬁé&ﬂmé,n . N&ASTPOPEBEr WRthirf Tothingt OTH@ABAARL €d i n

the present invention the use of a papernaking process disclosed in US.
Pat ent 5, 656, R@¥ishingsGed kancaster, A, 199597.t 63%ar Thegerepertt inypntigmd@lso

assi gned. to @Jrﬁg&f\%%feg f%%kuééb 5# ﬂi’&hg@% dd.'ﬁfat Was dé%f-”r%%tt!‘é.s CQ%?%}P”%»[ a

apparatus 10 & € process o reseft | nventi on are us
vari ous . st agegsredioutlpanavegactltedpdiyewsbimaigbpraedssr cfeatingahsdeadienenkiohal m ng

an web structures by, for example, embossing the rewetted web and than drying
the embossed web. Also is contemplated in the present invention the use of a
papermaking process disclosed in U.S. Patent 5,656,132, issued on Aug. 12,
1997 to Farrington et al. and assigned to Kimberly-Clark Worldwide, Inc. of
Neenah, Wisconsin.

An apparatus 10 and the process of the present invention are useful at
various stages of the overall papermaking process, from a stage of forming an
embryonic web to a stage of post-drying, as shown in FIG. 8 and explained in
greater detail below. Therefore, for the purposes of the present invention, the
fibrous web 60 may have a fiber-consistency from about 10% to about 90%, or ~
to state it differently — the fibrous web 60 may have a moisture content from
about 90% to about 10%. Of course, the parameters of the process and the
apparatus 10 of the present invention may, and preferably should, be adjusted
to suit the specific needs depending on the web’s moisture content before

dewatering/drying and a desired moisture content after such dewatering/drying,



enbryonic web to a stage of post-drying, as shown in FIG 8 and expl ai ned
in greater detail below Therefore, for the purposes of the present

i nvention, the fibrous web 60 may have a fi ber-consistency from about 10%
to about 90% or - to state it differently - the fibrous web 60 may have a
noi st ure convewbomsom about 90% to about 10% O course, pbeupgviamsters of
the process and the apparatus 10 of the,lEresent I nvention may, and
preferably should, be adjusted to suit the specific needs depending on the
web's noisture content before dewatering/drying and a desired noisture
content aft era sigsirediaate ef idegathring/uyying\Oveldtidl &8 Ih&GEHL B8RV the7 hifertéd a

desired rate of .dewatering/dryi | oci t _the web 6Q in th f d
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gas), and other relevant factors that will be discussed herein below The
web 60 may hdetevant fastars thatowith bepdiseugseddiesein brlewonl s wep Gbmaythaveranoval
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herein, the term means tenoval rom
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of the water froma ligujd phase . to vapor phase, or steam The ter
"dewat eri ng" _meanf‘sr Eﬁ%gh?”e&' taﬁtt%ﬁm ?q%WQt? H_@%_HGB'GV% ?h‘ﬁﬁtler 6?’0@85“1‘%3 t he
phase- change fidintthe e % wBBi 6oy YaBYEStionNi PhéllvabbMibANnRATAEa .-
drying and dewatering is significant in the context of the present

i nvention, beghange ofdepmatiriftrrom liguishphassulcaa vepergehase, ohétearmr 3he term
paper maki ng pr (Rl G 8) 0, r. r.ennv Y. .
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formation, (FiHase&hahgarid the yvaterbeirytdmovatie THiS distihttion beétwees Moy edyimy
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ter, . t ages of pressin and/ or ¢t hernal
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general |y requdgepdirigPon SBA®CLIRR sWifeSs thBSovss Sl {:Qsér%ékind BRockss TFIG.rgoval
of water" or "water renoval" (or pernutations thereof) Tare generic and
i ncl ude bot h ene/fyrg chwateraemoralimay be giooe gelevant tharvtingi alben. dror examplsyatis| y,

e B R e T N
: primarily . removed by mechanical ‘means. Thereafter, at stages of pressing

and/or thermal operations and/or through-air-drying (FIG. 8, 1ll and IV),
vaporization is generally required to remove the water. '

As used herein, the terms "removal of water" or "water removal" (or
permutations thereof) are generic and include both drying and dewatering,
along or in combination. Analogously, the terms "water-removal rate(s)" or
"rates of water removal" (and their permutations) refer to dewatering, drying, or
any combination thereof. Similarly, the term "water-removing apparatus” applies
to an apparatus of the present invention designed to remove water from the web
60 by drying, dewatering, or a combination thereof. A conjunctive-disjunctive
combination "dewatering and/or drying" (or ~ simply dewatering/drying)
encompasses one of the following. dewatering, drying, or a combination of
dewatering and drying, as defined herein.

The success of dewatering depends on the form of water present in the

web 60. At the stage of web formation, the water may be present in the web 60



any conbination thereof. Simlarly, the term"water-renoving apparatus”
applies to an apparatus of the present invention designed to renove water
fromthe web 60 by drying, dewatering, or a conbination thereof. A
conjunctive-di sjunctive conbination "dewatering and/or drying" (or sinmply
dewat er i ng/ W@ P83 enconpasses one of the follow ng: dewaREYPSIY147¢k yi ng,
or a conbination of dewatering and dryipg, as defined herein. The success
of dewat ering depends on the formof vvater present in the web 60. At the
stage of web formation, the water present in the web 60 WO 00/01883
PCT/ US99/ 14718 seyeraj fistinciciogms:dpuk M&ut f2<9r/fr§e|ab‘(ﬁ fo thenentire walg-edrienthe to
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10 of the present 1 nventlon conprl se ge ation
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pul se gener at 2 hat the 60 is enetrable by. t

Plow r over s 1APPAfS dEehe Trabo REe brsshy” FREMET LEaBliceP: 121098, 1R used
herein, the tdying anultﬁ@dgwagrrmg%chmcgje@rd;vaaqbra;edfb\oape which is designed to
produce oscillatory flowreversi n% alr or gas having a. cyclical
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converted to a cyc novenment of tude, conhpri sing negatlve

cycl es alt erpreximity ofithé putssi gen&natoyabemchtthat {hesweb B0 is ypehesablevbyntine -

great er rmmarHow—reversmg impingement gas generated by the pulse generated 20. As used
herein, the term “pulse generator” refers to a device which is designed to
produce oscillatory flow-reversing air or g@gas having a cyclical
velocity/momentum component and a mean velocity/momentum component.

- Preferably, an acoustic pressure generated by the pulse generator 20 is
converted to a cyclical movement of large amplitude, comprising negative cycles
- alternating with positive cycles, the positive cycles having greater momentum
and cyclical velocity relative to the negative cycles, as will be described in
greater detail below.

One type of the pulse generator 20 that may be useful in the present
invention comprises a sound generator and a tube, or tailpipe, of a substantially
uniform diameter and having one end open to atmosphere and the other,
opposite, end closed, a length L of the tube being measured between the tube’s
opposite ends (FIG. 4). The tube operates as a resonator generating standing
acoustic waves. As well known in the art, the standing acoustic waves have an

antinode (maximum velocity and minimum pressure) at the open end of the tube,



and cyclical velocity relative to the negative cycles, as will be described
in greater detail below. One type of the pul se generator 20 that may be
useful in the present invention conprises a sound generator and a tube, or
tail pipe, of a substantially uniformdianeter and having one end open to
at nospher e awmolod/diessot her, opposite, end closed, a | ength BCTOSWhe18 ube
bei ng measured between the tube's oppospje ends (FIG 4). The tube
operates as a resonator generating standing acoustic waves. As well known
in the art, the standi ng acoustic waves have an antinode (nmaxi mum velocity
~and ni ni num @Ndsseds (rainintume velnsity @nd redximbm prebeyre)\at 1@/ dasBiRend of the

/ / L9 1.
the ol osed ofiborPrg oo, BEee siaidhdRye talfb e aflal Ry THINBREEAEY 1.
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Is the wavel ength of the standing wave, and Nis an integer (i. e.,
N=O, 1, 2,3, . waveeand N is Andoleger i NGOMeR3, +-eBlfth of one-forth of the

resonator tube (' fo&nﬁl'hawn&%av@%\gwgéoﬁéWbﬁﬁUr&s tlrsg f'far hl? Art as

a fundanental tone. es are as a oni C
(N=1), a secaiM dra No0) is typicRl)y, definieliin the bal’asmflmdéhdea)al tone. Othércsodrd t he

present invention, the ferr esonat ube th that e uals
P one 1 our ¢ aves art BBnbeE bE 4 ey hESearie tl=hig Serons sarminfaNseh s ek
e., the pref Wafrﬁém@l(NSS?\Een@f&t B thébressift ijePtioRCPeSpreferratréeesndtbr whe
fundanental tone, wth The standi ng acoustic waves provide a vary| ng

ai r pressure g & lpagtethat gaualsitai ang teurtii(f44) whdhe é’legé%fﬂCng%!'S%ﬁﬁeé byathel i t ude
t th | t
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wavel ength are accordi ng ng eq
Fis. the soavesfof mmﬂdameataﬂycﬁe, mthlt&(‘sp‘étwlstahdmmmbusﬂumwam providence of

t he pul se generat or enerat.i ng the fug)da]rerqnt al tgn he rel ati onship
bet ween fre@ué‘ﬁ@'f%r’f’d{ SEHER P h"Ea P SPR3IPE P'Bgdwﬁﬂ © E%g?sftl BESPY ey t he
formula: F anfglifide bt 8 tldsed epidi @Nﬁeﬁaﬂﬁibbﬂ@dorﬁéﬂbﬁt iSHimd frédaenty Shews one
preferred pul se generator 20 conprisi gga pul s conbustor 21. The pul se

- conmbust or. 21 WayRlARAth Arepmetated acerding to eﬁP“%ﬂ)ﬁg‘ﬁttﬂﬁ‘ Erfafhorwhese Ryig air -
Inlet 11, a fxekoldl fbqdency@8fd & 8ROLBOESF of SRfd. In the instance of the pulse

generator 20 generating the fundamental tone, the relationship between
frequency and wavelength can be described more specifically by the formula: F.
= C/4L, from the previously defined relations. _

FIG. 4 shows one preferred pulse generator 20 comprising a pulse
combustor 241. The pulse combustor 21, shown in FIG. 4, comprises a
combustion chamber 13, an air inlet 11, a fuel inlet 12, and a resonance tube-
15. As used herein, the term "resonance tube"” 15 designates a portion of the
pulse generator 20, which causes the combustion gases to longitudinally vibrate
at a certain fréquency while moving in a certain predetermined direction defined
by geometry of the resonance tube 15. One skilled in the art will appreciate that
resonance occurs when a frequency of a force applied to the resonance tube
15, i.e. the frequency of the combustion gas created in the combustion chamber
13, is equal to or close to the natural frequency of the resonance tube 15. To
put it differently, the pulse generator 20, including the resonance tube 15, is

designed such that the resonance tube 15 transforms the hot combustion gas



15. As used herein, the term"resonance tube" 15 designates a portion of
the pul se generator 20, which causes the conbustion gases to ° '
longitudinally vibrate at a certain frequency while noving in a certain
predeterm ned direction defined by geonetry of the resonance tube 15. One
skilled in twaomnssswi | | appreciate that resonance occurs RERUSI¥I4tEquency
of a force applied to the resonance tube2 15, i.e. the frequency of the
conbustion gas created in the conbustion chanber 13, is equal to or close
to the natural freguency of the resonance tube 15. To put it differently,

the pul se geREFHICEA iDghejqembygtion chambereddriatecesallatery 1 e yibrating) dlewd such

that the res g;)é? . forms the hot conbustion gas WO 00/01883
PCT/ US99/ 1472 g‘%gﬂ@@&%@&“ﬁhe conmbusti on chanber 13 into oscillatory

(i. e., vibrating)n Flaw, theagrisliehd ianpithe &redirileigt ard im fRliGcommunicatianr
inlet 11 and the fuel inlet 12 are_in fluid conmmunjcation wth .the
conbustion cHAMBE CombLE O eTysE 13405 peiverind AN fhes sethectiay, g ¢« ne
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m xture. Preferably, the pul se conbustor 21 also includes a detonator 14

for det onat imixtuee. niPreferably fthaipulsengomnbrston A1 taige inshvslesta datophtontd for3. The
pul se conbu A also.conprise,an,inle Lo val Lnl et
i T A B RR B i bShBhn Bf 13. 70 Bl

fuel val ve con e alr

respecti vel y coabuslr [21a8ay Bjoadomise & irtétnditsalveor1ayaidean aflet fuel palvee
conbustor 21. The resonance tube 15 is in further fluid conmunication with
a gas- di stril#at fefgcaiealiing deliveny ofidbe aiepad the tfiel, raspgotiyaly. @sswell Bsti ng

systent defi ':mﬂﬂ f i i xes, etc., designed
to provide aﬁ%?%ﬂ%ﬁegsggﬁi pa sa?%rgy?%%gﬁ@giplhfgaet%ry foor\%r' eversing air or gas
produced by the pTheeresgeareeatube 29, isandutther dbid derhmuaicatibre withcal gad-ory

fl owreversi gﬁ air. or gss into a pre-detern ned inpi nge.me_gt _regsixgn; Wher e
the oscillat _%’“IPLI'QSW- SERiemsPhg Asruspd hgredn g"ei f?ﬁnnggélf‘@ﬁ*t” uing 5760,
thereby rend\eRfed\a! &mbiRSEEH bOMbeshGilPes, Hbsds idhtt HBGGRYS IS BrAldd an
desi gned such as to mnimze, and preferably avoid ' altogether, disruptive
i nt er f er ence enklosad path tonthe esdillateryfllowrexesng aiear gasierasiuced b¥tae peiseof t he

R e L e L e i AL
' pre-determined impingement region, where the oscillatory flow-reversing air or
gas is impinged onto the web 60, thereby removing water therefrom. The gas-
distributing system 30 is designed such as to minimize, and preferably avoid
altogether, disruptive interference which may adversely affect a desired mode of
6peration of the pulse combustor 21 or oscillatory characteristics of the flow-
reversing gas generated by the pulse combustor 21.  One skilled in the art will
appreciate that at least in some possible embodiments (FIGs. 1, 9, and 4) of the
apparatus 10 of the present invention, the gas-distributing system 30 may
comprise the resonance tube or tubes 15. In other words, in some instances the
resonance tube 15 may comprise an inherent part of both the pulse combustor
21 and the gas-distributing system 30, as they both are defined herein. In such
instances, a combination of the resonance tube(s) 15 and the gas-distributing
system 30 is termed herein as ‘resonance gas-distributing system” and
designated by the reference numeral 35. For example, the resonance gas-

- distributing system 35 may comprise a plurality of resonance tubes, or tailpipes,



appreciate that at |east in sone possible enbodinents (FIGs. 1, 9, and 4)
of the "apparatus 10 of the present invention, the gas-distributing system
30 may conprise the resonance tube or tubes 15. In other words, in sone

i nstances the resonance tube 15 nmay conprise an inherent part of both the
pul se conmbusyvononi8ss and the gas-distributing system 30, aspthusohetiB are
defined herein. In such instances, a cogination of the resonance tube(s)
15 and the gas-distributing system 30 is ternmed herein as "resonance
gas-distributing system and designated by the reference nuneral 35. For
exanpl e, t he1bessshowp igddGsddst@ndA.i inythiy sespect 3hewdjstinstipn betweerpther al ity
of resonance.tubes, ..or. tailpi » 00[ 01883 PCT/ US99/ 14718 23 . as
shown i -t cuodbrayiodlinb YsBrP 5 ant i agtoranee GHSTRREEIS HePdR ihe

" gas- di stri byitheg foned e 8hd Othe afefmé N'gas dRtIRIMGE sPemti idr Fredbmatitesyas-em 35"
is rather fornmal, and the terns "gas-distributing systenf and "resonance
gas- di stri b@istiRptingsysiam’are in H‘Oﬁg'ﬁ‘ﬁtaﬂﬁ%% iterelan €hangeabl e. Regardl ess
of its specific e i of i S-S ' /.
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i npi ngenent #ie asogascenigasidistrivvding6 Osystemef 85abldglitens odiyh Howtraversingy of
di scharge outlets, or.nozzles, 39. The eferred frequency E of the
oscillatory 'PPEIEMEDL AL RY qaﬁp?waet;g‘?nwgéié 'oP'eS%{é[’ﬁ' A %Bhﬁalpﬁeofmeb 60
i s in a ranggistharde’ QA9 BH nok2lesZ 300 THOPrefrRDfrEBuenthoF BPIR Bs@ifbRed
frequency Fis from1l5 Hz to 500 Hz, and the nost preferred frequenCy F is

from 15 Hz t owgeveising impingement lairer gandnpinged 2000 dhpweb 89 is iea pangseof

bl so combus 61" St er e K abath FRGREY i igPThtte S Iadn s BBl

enter the comxupt500HZhand e Mdstpdidited rBQUdHd). F iNRofetPRaOR5DHZ. If
detonates the air-fuel m xture, thereby providing start-ug of the pul se
ot

conbustor  21he se gargsatP R0ocompEses D¢ LRYISeyi camhustarr 84t &e prefamesdn
increase in Yr%bggﬁc -iE'?:%nﬁi??H}ﬁo% Qystion chanber 13, triggered by a rapid
I ncrease in tenperdture of the conbustion gas. As the hot conbustion gas
ex'pands;, “the inlefA tylailcab;syllsa cambastdr 22 mperateg jn tHeefo&@yingamﬂneg. tAfte.r air
o o R P SR ot R hR NG 15 476 A5 WA R ddlohbid da
o detonates the air-fuel mixture, thereby providing start-up of the pulse combustor
21. The combustion of the air-fuel mixture creates a sudden increase in volume
inside the combustion chamber 13, triggered by a rapid increase in temperature
of the combustion gas. As the hot combustion gas expands, the inlet valves 11a
and 12a close, thereby causing the combustion gas to expand into a resonance
tube 15 which is in fluid communication with the combustion chamber 13. In
FIG. 4, the resonance tube 15 also comprises the gas-distributing system 30
~ and thus forms the resonance gas-distributing system 35, as explained herein
above. The gas-distributing system 30 has at least one discharge outlet 39
having an open area, designated as “A” in FIGs. 4A and 4B, through which
open area A the hot oscillatory gas exits the gas-distributing system 30 (FIG. 4).
One skilled in the art will appreciate that FIG. 4 illustrates one type of the
pulse combustor 21 that can be used in the present invention. A variety of pulse
combustors is known in the art. Examples include, but are not limited to: gas

pulse combustors commercially available from The Fulton® Companies of



FIG 4, the resonance tube 15 al so conprises the gas-distributing system 30
and thus forns the resonance gas-distributing system 35, as expl ai ned
herein above. The gas-distributing system 30 has at | east one di scharge
outlet 39 having an open area, designated as "A" in FIGs. 4A and 4B,

t hrough whi cho copsss area A the hot oscillatory gas exits ther/usyyi4718
gas-distributing system30 (FIG 4). Oneggkilled in the art will appreciate
that FIG 4 illustrates one type of the pulse conbustor 21 that can be
used in the present invention. A variety of pulse conbustors is known in
the art. Exarfiaskii Newitwk; tudseadryersomabie iyt dlined: Coeporationl efeSan Retasi.or s

i al l | ahl Ful t
BT Usoo; 147 (GHTRTED, A 8T 8y ek o eoraperay B, 8hatigyd 68l
Cor poration of SarFi@af2@®! showsal alcaiier aamtwadnéistl |cﬂ)( the bpmmrgerrmdter bgo,

Sonotech, Inc. of Atlanta, Georgia, FlIG_20 shows another enbodi nent of
the pul se gerfaMRTHNREN lABPIS i dRyIcRn 22 nf FBR RIS [dewCe 222 FREPTIERS &soni ¢

devi ce 22 co I jqcat i on
Gth an air e cndfiSa 28 S ) bnfhicaRioh Wi rlaf ARIERNMACE.
oscill ating ahroughva rp:.ulsatorf R4solhel pulsatorf zecgeerecgres mressmhamgharcrhavm i's

anplified in the resopnance chanber 23 a d | he reso ce,tube 15. The
i nfrasoni c dd0irasPus QW TRAUPACY)Fresswe WiEh LRt iscampl; %Qg" the resonance

pressur e- equadHapnts 230571 AGhEGessHlmRE itghd195 aiThe iRfrESSHIE BelEd PREShAWIRIN
pul sator 24 and the diffuser 26, a transducer box 25 and an |nsonat|ng

controller 27F|Fi9r2Q;cfoth@'l cpmgrisere af Pepgaleiecsauslizipal keas 8Asfor \eauRIR0 alfal ves
my al so be Ysedsin NG IASABYE: 8 UhGThE b8 26XATBhEdbol BbY 2525

controllrng f comruni thé Insonat'ing contro and

the air inl edn inkonafing bmtrmlbse7gemewratmlrng21ﬁedﬁuqmehepsf phigaiigrisr avanows
device 22, the preferred frequency of the oscillating fl ow—reversr n ar r
is from 15 HVal¥EsLm@Yso beresedniny §dﬁfr%$‘lﬂ1¢ﬁ/p€é'°??23cf?{eﬁ’éﬁm@§|q yayﬁ

FIG 20 is compydfi deF@r‘éﬁrunW%ﬂSﬁ bbfifeRARE ihddnBHR %t"réﬂe‘?yﬂ rﬁ%oél?f SAB

Conmpany of Sweden. guency soun generators descri be
Patent 4,517,811 sduee phlse GenerdtdBR0 tamglissothe etfraabnicldeSicePaRettie
050,41, et M ey 0 ol e S Mo TR0l TR T
3, 1986, to Criss MirasBhicalevicd 42 sttinfdtically shown in FIG. 20 is commercially made
' under the name INFRAFONE® by Infrafone AB Company of Sweden. Low-
frequency sound generators are described in U.S. Patent 4,517,915, issued May
21, 1985, to Olsson, et al;: U.S. Patent 4,650,413, issued Mar. 17, 1987, to
Olsson, et al; U.S. Patent 4,635,571, issued Jun. 13, 1987, to Olsson, et al;
U.S. Patent 4,592,293, issued Jun. 3, 1986, to Olsson, et al;, U.S. Patent
4,721,395, issued Jan. 26, 1988, to Olsson, et al;, U.S. Patent 5,350,887,
issued Sep. 27, 1994, to Sandstrém, the disclosures of which patents are
incorporated herein by reference for the purpose of describing an apparatus for
generating low-frequency oscillations.
The apparatus 10 comprising the infrasonic device 22 may have a means
(not shown) for heating the oscillatory air discharged by the infrasonic device
22. Such means, if desired, may comprise electrical heaters or temperature-
controlled heat transfer elements located in an area adjacent to the

impingement region. Alternatively, the web 60 may be heated through the web



4,721, 395, issued Jan. 26, 1988, to Adsson, et al; U S Patent 5, 350,887,

i ssued Sep. 27, 1994, to Sandstrom the disclosures of which patents are

i ncorporated herein by reference for the purpose of describing an apparatus
for generating | owfrequency oscillations. The apparatus 10 conprising the
i nfrasoni c dayoorssd2 nmay have a nmeans (not shown) for heardTgsod/igis
oscillatory air discharged by the infraseic device 22. Such neans, if
desired, may conprise electrical heaters or tenperature- controlled heat
transfer elenents |located in an area adjacent to the inpingenent region.
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devi ce 22 can ener at osci is then
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generator 20 co ri ses the pulse conbustor the acoustic frequency of
the oscill at (5’#59' ﬁ°6¥/\ﬁ?'9\)’@’f‘%’?ﬁdh?\_%@€§ed H’e?)étﬁégy figw WV IMRRIEMSRE 9831 |y, on the
characteristics ($#{QRe Spsidnd8NRheH | thi) PQIEetQ&erB&'ﬁ' 20/S&finprites NheP Puid
conmbustor 21. For both enbodi nents of ul se generator 20, the pul se

conbust or 21 cambustes 31, ftheasousticl éreqwﬂc.ymf thevescillatonyt flew-ré\acsiog swaves
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| npi ngenment  diigl 9sed) & thd-PllseX avibeastot 221t haroraﬁﬁnaém@ocﬁmahanbsﬂwe:@ml ses - a
plurality of resonance tubes 15, as schematically shown in FIGs. 1 and 9,

such fact or §ePBFAPT 30, theupulae Lameustorn?t @nd: the Wirasanistdavios 22| eevesdl and
0o A 4, ol B i e

aratio of a volume ¢ esornance to a volu
“conbust i on clastheffedt3theFré&ueticy ofothet Aeoustis diedah ceeatbd riye the Bowirbeersig) .-
Hel mhol t2-ty e GRLAL 8 o s P For Sdmblt, S ReR et Searte S s 502 anristlS
- plurality of resonance tubes 15, as schematically shown in FIGs. 1. and 9, such
factors comprise, but are not limited to, a diameter D (FIG. 9) and the length L ..
- (FIG. 4) of the tube or tubes 15, number of the tubes 15, and a ratio of a volume
of the resonance tube(s) 15 to a volume of the combustion chamber 13 (FIG. 4),
or the resonance chamber 23 (FIG. 20).

A Helmholtz-type resonator may be used in the pulse generator-20 of the
present invention. As one skilled in the art will reéognize, the Helmholtz-type
resonator is a vibrating system generally comprising a volume of ‘enclosed air

- with an open neck or port. The Helmholtz-type resonator functions similarly to a
resonance tube having an open and closed ends, described above. Standing
acoustic waves having an antinode are produced at the open end of the
Helmholtz-type resonator. Correspondingly, a node exists at the closed end of
the Helmholtz-type resonator. The Helmholtz-type resonator may not have a
constant diameter (and, therefore, volume) along its length. Typically, the

Helmholtz-type resonator comprises a large chamber having a chamber volume



present invention. As one skilled in the art will recognize, the

Hel mhol t z-type resonator is a vibrating systemgenerally conprising a

vol une of enclosed air wth an open neck or port. The Hel mhol tz-type
resonator functions simlarly to a resonance tube having an open and

cl osed ends,wdesassbed above. Standing acoustic waves havpemusvigems i node
are produced at the open end of the Helpgoltz-type resonator.

Correspondi ngly, a node exists at the closed end of the Hel nholtz-type
resonator. The Hel mholtz-type resonator nay not have a constant dianmeter
(and, theref dNe cwramg tal ﬁregr9$maneﬂgttlbe Tapingahl fybet volunkel Whol tThe ype
resonat or co S e chanber chanber . V\O 00/ 01883
bCT Usoo) 147 MORRh e HABeRET e ABHeBEuES Toned REOiTs el une
W. The corrmremrtemHefmr&il&nWé Sedunatdrg afldfthas edimneltype pmreetwemaust iC

waves. The preferred | mhol tz-type resonator, and thus Hel mholtz-ty
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gi ven sound frequency, as been’ exp arne above e acoustic wave
frequency of héen Bmlaim@kitabqupeThpmmsgemavatmemem the Helpthoitdypeby t he

osci || 'at ory THUE T S5BPET 29) el baL acderibOF] B oed libwbande R B’ e "
| engt h of theFf(eﬂma)nﬁNuwr?é,wmrer .stmra@moofhetmurra@@w@mevmh@ and
W is the volune of the conbustion chanber 13. Thus, the Hel mholtz-type

pul se gener at3Ff opgas &nisthetspaed of soung i isvee éﬁ@t'%'éﬁt%lﬁﬁ@nﬂﬂc@duéﬁc‘yt

adj ust 19, ¢ hewBNARE ST ManchEgbUbRg WP'LT: VAN e o gﬁga%{hn;eof

t he tube 15. Z-type | Sé "generat o rising

conbustor  2lchasnbmref®r r‘l&drsbﬂ&ﬁﬂ@nb&ﬁltz-@ae rpu@;sha geﬁd-msarl 200 cafihf hee it@realy teand
hi ghl y-resonant = node of operation. The Hel mholtz-ty pul se conbustor 21
typically vyi e"l"if%e‘ten%g“’ﬁf‘gﬁ?é@@ frﬁﬂé%@ﬁ}’rté’ aqiyRtingdhe &Hemger velype\Vr. the tubg ¢ j sh

~Thermal Unitsy) ,méw‘p%dqﬁ ,ee, 8 0¥ {He tgesgsW thin a given volume W of the
combusti on chaonber 13 Y ?trfng hragh l evel of flow oscillations

provi des a desi ratilrhe Hekmﬂ'loltaﬂymﬁ pulsargenemaios 20 u:sefmlsrngrthe\mﬂsmmmgusthle
Pressur e, 3" ORepls R REERA 50 FFURIRERLAPIBH oRBSAGH) Fosonan
"~ mode of operation. The Helmholtz-type pulse combustor 21 typically yields the
highest pressure fluctuations per BTU (i. e., British Thermal Units) per hour of
energy release within a given volume Wr of the combustion chamber 13. The
resulting high level of flow oscillations provides a desirable level of pressure
boost useful in overcoming the pressure drop of a downstream heat-exchange
equipment. Pressure fluctuations in the Heimholtz-type pulse combustor 21
used in the present invention generally range from about 1 pound per square
inch (psi) during negative peaks Q2 to about 5 psi during positive peaks Q1, as
diagramatically shown in FIG. 2. These pressure fluctuations produce sound
pressure levels from about 120 decibels (dB) to about 190 dB within the
combustion chamber 13. FIG. 3 is a diagram similar to the diagram shown in
FIG. 2, and showing off-phase distribution of the cyclical velocity Ve relative to
the acoustic pressure P.
The oscillatory flow-reversing impingement gas has two components: a

mean component characterized by a mean velocity V and a corresponding mean



used in the present invention generally range from about 1 pound per square
inch (ps$i) during negative peaks 02 to about 5 psi during positive peaks
QL, as diagramatically shown in FIG 2. These pressure fluctuations
produce sound pressure |levels from about 120 decibels (dB) to about 190 dB
wi thin the wownbussl on chanber 13. FIG 3 is a di agram si nPCEUSWH4T18e

di agram shown in FIG 2, and show ng of byphase distribution of the
cyclical velocity Vc relative to ‘the acoustic pressure P. The oscillatory
fl owreversing inpingenent gas has two conponents: a mean conponent
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velocity V. The partial vacuum created in the conbustlon chanber 13 opens
the inlet vatombustith dnathbepd3t whickbsacocamsiauges laepartion ah@xitinglcombustjen n

=enter the conbustion chanber 13: and the stiqn cyc repeats. As
used herein, Q?Fe%orseé“r"'lnl t&'ﬁgffoapé'lsggn ag?mﬁﬁr ﬁ'ing%ettﬁ%a %ﬂt&e‘l @ﬁmblaggas noves
"forward” frogit e parRBUSIHBULIEM20MBIoudR, thaNsbRakbe bYXtomoBo -aanfefmesn the
gas-distributing system 30 are designated as "positive cycles"; and the

oscil l atory cYaiP@ly Vulrhegatiial vacuunbereated ipithe Fombuestianthageras 18 apessdee ur s
re LenTed NRIEVANES 11P8RN 1% FYFdGScausy 1S BREHS Y to 3o ERRPhe
: ‘combustion chamber 13; and the combustion cycle repeats. '

- As used herein, the oscillatory cycles during which the combustion gas.
moves “forward” from the cdmbustion chamber 13, and into, through, and from .
the gas-distributing system 30 are designated as "positive cycles”; and the
oscillatory cycles during which a back-flow of the impingement gas occurs are
termed herein as “negative cycles.” Correspondingly, an average amplitude of
the positive cycles is a “positive amplitude”; and an average amplitude of the

" “negative cycles” is a "negative amplitude.” Analogously, during the positive
cycles, the impingement gas has a “positive velocity” V1 directed in a “positive
direction” D1 towards the web 60 disposed on the web support 70; and during
the negative cycles, the impingement gas has a “negative velocity” V2 directed
in a “negative direction.” The poéitive direction D1 is opposite to the negative
direction D2, and the positive velocity V1 is opposite to the negative velocity V2.
The cyclical velocity Ve defines an instantaneous velocity of the oscillatory-flow

gas at any given moment during the process, while the mean velocity V



the positive cycles is a "positive anplitude"; and an average anplitude of
the "negative cycles" is a "negative anplitude." Anal ogously, "during the
positive cycles, the inpingenent gas has a "positive velocity" VI directed
in a "positive direction' D towards the web 60 di sposed on the web
support 70; wodo/onssi ng the negative cycles, the inpingeneRCT/Yss/1HHU8 a
"negative velocity" V2 directed in a "negative direction." The positive
direction D1 is opposite 'to the negative direction D2, and the positive
velocity V1 is opp03|te to the negative velocity V2. The cyclical velocity
Vc defines arfhanadtenzesrassiting) vedqaity obthe firwv-srveirsingoseilfatpnol ldgerg\eﬂtbyany

gi ven nonent r

PCT/ US99/ 1471@5I cl?g%c%ar a g%ﬁ?étsmdg/g{r {ehgufHkﬁie%ge%l ‘\é‘?‘ﬁ’%w %e\égfﬁg%/v-gr ever si ng
oscillatory fpaslltd/efa:ycmsdallgmaﬂidgswttbrtbmsmtegamveg@&les bofmblskylmit intthe drt efjuency
F conprising a sequence of the. positive cycle l.ternatin i th the
negam) ve cygl%%o ‘%ﬁ@r@ﬁ‘ f?\eéb"ﬁ'tweﬁ‘fé%\%cw%" g}(g 3 greater 'P%am‘? REIRVE ti ve
vel ocity conpaiédiy cdmpchedt Y2t 8hd i heaR&/ RAFIV HEs tN@begt.wdﬁ@ammmt V2,
and the nean velocity V has the positive direction DI hence the resulting

oscil l atory ifmsicegbaersultiog omuaormtmmegmttgaﬁemdw é they posifixe direction
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shoul d al so be 'appr'eci a e cy constantly

changes from gHomidaisd ibee applentdtéy thidt tsindeh ehenagalidal eveledigc Mey coiFstamposi t e
to the positive velocity V1, there must be an instance when the cycli cal
vel ocity Vc fe!}wﬁsééfom@ecnqséwlvgwc'ty Vido the Reoatiyer vairadly Mfepprgsite tgthe

relative to Vo Vedocit ﬁ'i'sﬁ%'r'é’?ﬁds‘( 'be %grhé?gnéeh@ BAShEid }%@héé‘i*'v@ﬁc&%ﬂ and

t he negative veI ocity VZ changes its ol ute va ue fromzero to X1 mum
to zero, etc.chEngesfitsradiredtion, caul thebimstamce wheat Vel (odativeve Veélard V2. V1 i s

| | | v d t h | es, th
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negative cycl cﬁﬁan@fes tut*%eaﬁddﬂﬂé NRWR! FbRYzdrBRbNESKRIIM BRSerd, tetd.S beé'réfSR@Cit that
t he nean vel oci t be determ ned by at |east two factors. First, the

air and the f%'gpﬁrﬁd ithatt the raesitivesyelegitycMArndean Q\Berp@%fcdﬁ%ﬁﬂl yelosityMeces a
stoi chi ometri g, f] Ope qu‘& %)/ %n %ﬁé afavé l/g'lgml{)? avefr9§e cﬁaﬁgpl e

t he conbustion I it ensi eased, a ced T2
i ncreased. Asvdld;mtyf\t:edurﬁr&;tﬂmenﬁgetwmcycwss@fahe flbw-rsberen@tnhmpofgerdmt pagssure
It is believed that the mean velocity V may be determined by at least two
factors. - First, the air and the fuel fired in the combustion chamber 13 preferably
produces a stoichiometric flow of gas over a desired firing range. |If, for
example, the combustion intensity needs to be increased, a fuel-feed rate may
be increased. As the fuel-feed rate increases, the strength of the pressure
puisation in the combustion chamber 13 increases correspondingly, which, in
turn, increases the amount of air aspirated by the air valve 11a. Thus, the
preferred pulse combustor 21 is capable of automatically maintaining a
substantially constant stoichiometry over the desired firing rate. Of course, the
combustion stoichiometry may be changed, if desired, by modifying the
operational characteristics of the valves 11a, 12a, geometry of the pulse
combustor 21 (including its resonance tailpipe 15), and other parameters.
Second, since the combustion gases have a much higher temperature relative to

the temperature of the inlet air and fuel, a viscosity of the iniet air and fuel is



pul sation in the combustion chanber 13 increases correspondingly, which, in
turn, increases the anount of air aspirated by the air valve 1la. Thus, the
preferred pul se conmbustor 21 is capable of automatically maintaining a
substantially constant stoichionmetry over the desired firing rate. O
course, thewocmmigssti on stoichionetry may be changed, if OREFVUSSHI4THy

nodi fying the operational characteristixgs of the valves 11 a, 12a,
geonetry of the pulse conbustor 21 (including its resonance tail pipe 15),
and ot her paranmeters. Second, since the conbustjion gases have_a nuch

hi gher t enpehighgf &haned atisapsity of trﬂm@owmgaﬁs off e highen wscasity offhef uel

a viscosity phetthieahglrGly %L{Sﬁg ﬁgsr oW r\é\gs&Q/cQJtﬁ@ﬁEQEé%%sWalé nd 29

hi gher than a viscosity |on ases I gher viscosity of
the inlet afl2a, a'atahtlf/emd acﬂawsresrsmnbegjhmugm lrca/\rerseaam'tgasyseemtm ough the val ves

111a and 12a, relative to.a flow resistance through the reson ng system
30. According to %F‘@é%me PrRFERt rnerﬁnt'%é%arl(; ‘%&%&r& 1pp HF%%EEZS an

i ntense aCOUﬁﬁérfsepra%ééé{fcepPesstb theiPeeT orBbr 110160 19996BuB] Nide thee _
combusti on chanber 13. The acousti'c pressure P reaches Its maximumlevel in

t he conbusti g@mbmmahamer Bde The adoaistippreseund Bfeadhesitssoamom leveldas) 15,
t he acoustic res

s red at, the exit qf esonan o) ) 15.
Thi s. drop §8U P@bﬁfig ?ﬂ“@tﬁtF%QBF'anﬁr?f; %Sé)pgggq\}g)e fs(ease in
cyclical vetr@cadd;asfr@ phd¥sGre P eafdtRied taﬂﬁévesmrafrm@tegdaen@étabe@é) 151€This :
resonance tube(s) 15. In the rms;d?referred Hel mhol t z-t ype pul se [?enerator

20 the acousfiiap By Bsaequsticsprassirad? rasultshia @mrpg@rsswraemfsr@@éﬁaﬁd‘eyc Ge(s)

A5 --in Ord‘ﬁl {:g’r qgmﬁ&?r@achggxtkmxgﬁxﬁﬁ]ﬁﬁe e&?lo(??rlré Yes\é?lah% JB%&f)WUSt

fl ow of osci y i npingenen I hg aco essure P

benefi ci al | ylrr thdunest prefeseed Mélnﬂ&ilthﬁypﬁﬁel@élgﬁ'reﬁhtw 20 tb@ecmadtilcypremeced
processes of the prior art. For exa sonme_experinments with the
pul se combusisominimal @ the @qof H‘%&?@Péﬁ‘rﬂ:é“%@h15t1’1e’“p‘Pré’§Eﬁ‘P 3Rt Pon,

the acoustic UERIiEal a rygg,, nch to
about 2.5 i ng‘% @arﬁn't%ggﬁ Xﬁgr‘;g@ gﬁl%?%# X égcg%?rg%tgeﬁ y trom 90
dB to 120 dBgaSésusThe uecrpaehgracedstp:rmeemed?rdeméf&rallappdm&ami&é)t)(picallhe
present invention

te at as nlf cant | noi s veI atlveto
the prior arf®¥¢ é%ﬂﬁ?(‘,”é I%?"e‘?"f‘rq&r?é‘ "%‘E Br(?)?e?glﬁ? ‘ﬁ\ggﬁé’ﬁ'f’ Bﬁoce%rseé@m
: some experiments with the pulse combustor 21, conducted in accordance with .~ - -

- the present invention, the acoustic pressure P meesured at the distance of from .

- about 1.0 inch to about 2.5 inches from the ;discharge outlet(s)- 39 was
approximately from 90 dB to 120 dB. Thus, the preferred process and the
apparatus 10 of the present invention operate at a:significantly lower noise level
relative to the prior art's sonically-enhanced steady impingement processes
having the average acoustic pressure of up to 170 dB. (see, for example, U. S.
Patent 3,694,926, 2:16-25). :

At the exit of the gas-distributing system 130, the cyclical velocity Vc,
ranging from about 1,000 feet per minute (ftmin) to about 50,000 ft/min, and

- preferably from about 2,500 ft/min to about 50,000 ft/min, can be calculated .
based on the measured acoustic pressure P in jthe combustion chamber 13.

The more preferred cyclical velocity Ve is fromi'about 5,000 ft/min to about
50,000 ft/min. A di'agra'm in FIG. 5 schematically;shows interplay between the

acoustic pressure P and the cyclical velocity Vc. As has been explained above,



havi ng the average acoustic pressure of up to 170 dB. (see, for exanple, U
S. Patent 3,694,926, 2:16-25). At the exit of the gas-distributing system
30, the cyclical velocity Vc, ranging fromabout 1,000 feet per mnute
(ft/mn) to about 50,000 ft/mn, and preferably fromabout 2,500 ft/mn to
about 50, OOWofa/rEsh, can be cal cul ated based on the neas®CEVSIBUSL | C
pressure P in the conbustion chanber 1339 The nore preferred cyclical
velocity Vc is from about 5,000 ft/mn to about 50,000 ft/mn. A diagram
in FIG 5 schematically shows interplay between the acoustic pressure P
and the cycl aecardipg|tpdhe preferredrprasass pelee rErggiim@mtianotie, cyglival 9eoekB3

PCTI US99/ 14 74§ ind8a8068 Qi he! fiSd GeRERIG 36 JeBLARESS Mhxhfify BE 8388k
i nvention, the cyclical velocity C Increases W thin the pul se generator
20, reachi ngfromshegasdistributinighsystem 80 throogh tHeedigatsarde sutletis)t3g evhilg shem 30

br oduicod by EHSLR BTRRSIERPoprochesd BEMSSXPIRRIEn 6F EeERfRIAY® KNDURS i on
chanmber 13, gafp@aRASchdmberi{¥ décAttise Xiagrarft oPHTBOls, ‘o gymiﬁgr-gesponds

1 qfn H
to a location inside the conbustion cﬁ]aﬁq)er 13, "where the initia
conbust i on t ekeesponds do aalodatiors institsl thelcomdastios pbadbet 43t wheesxthe init@m t he

di scharge ou S .39.),According to th resent inventjo t he .nean

vel ocity V Jé’%"f’%ﬁna%gﬁf pi?ﬁ?@ %d/ ﬁi%("feb agoﬁf’"?%%?ﬁd}f {0/ men ,ex'gr{@"?;\ ﬂ?%t i 0
VcN is from af@ehargeJqulletscngaponbc&rair%-toﬁ’ﬁ@ pEsRBl Mvehiih, TR@Mmeedl vadodity W 1 s
fromabout 2500 ft/mn to about 25000 ft/mn, and the ratio VCNis from

about 1.1 toisdhyntabeot H00RABinein tpabpat 250G ftimie, archA rake YerY §6 fromsatioubm
bout 5000 f 1/ t f 1./ t he ' ' bout
S D0t Vet 809 o &aBy T on BB} s ) Gty bGP,

t he r esonancabduttZS000i fohin, drel theeratie MoMns éronuBpowt 1.0ublatiouard.ot hivré 0 t he
di scharge outlet 39 of the gas-distributing 3St em 30. This further

i mproves conf ADW. H&W?F'ﬁ é(ﬁ'é’Fiél_f Vg fipeeabeut 008 fimin }%‘F\b%@fo%(ﬁu’ﬂiﬁ‘e
inner valls ghqithe rafs vensid fr?t\';étﬁﬁlt %Y‘Eﬁ@%bggt 18\6COoTHd :&?cléc;él ?E@c@* grent

i nvention, maximum heat trans I's achieved at the ex schar ge
out | ets - 39 bicraasesdgaanplitidei foomitng resmiasce Bihe'Punlatdodbetsesanapae itgbe’s

oo e RSPl B8 FuscPAE e St B LY S o s P
- further improves convective heat transfer between the combustion gas. and the
inner walls of the gas-distributing system 30. According to the present
- invention, maximum heat transfer is achieved at the exit of the discharge outlets
39 of the gas-distributing system 30.
Pulse combustion is described in several sources, such as, for example,
Nomura, et al., Heat and Mass Transfer Characteristics of Pulse-Combustion
- Drying Process, Drying’89, Ed. A.S. Mujumdar and M. Roques,
Hemispher/Taylor Francis, N. Y., p.p. 543-549, 1989; V. |. Hanby, Convective
Heat Transfer in a Gas-Fired Pulsating Combustor, Trans. ASME J. of Eng. For
Power, vol. 91A, p.p. 48-52, 1969; A. A. Putman, Pulse Combustion, Progress
Energy Combustion Science, 1986, vol. 12, p.p. 4-79, Pergamon Journal LTD,
John M. Corliss, et al., Heat-Transfer Enhancement By Puise Combustion In
Industrial Processes, Procedures of 1986 Symposium on Industrial Combustion
Technology, Chicago, p.p. 39-48, 1986; P. A. Eibeck et al, Pulse Combustion:
Impinging Jet Heat Transfer Enhancement, Combust. Sci. and Tech., 1993, Vol.



Drying Process, Drying' 89, Ed. A S. Mijundar and M Roques,

Hem spherlraylor Francis, N Y., p.p. 543-549, 1989; V. |. Hanby,
Convective Heat Transfer in a Gas-Fired Pul sating Conbustor, Trans. ASME
J. of Eng. For Power, vol. 91A p.p. 48-52, 1969; A A Putman, Pulse

. Conbustion, Woogessxs Energy Conbustion Science, 1986, vol PCVESII4pP8 4-79,
Per ganon Journal LTD;, John M Corliss, g4 al., Heat-Transfer Enhancenent
By Pul se Conbustion In Industrial Processes, Procedures of 1986 Synposium
on Industrial Conbustion Technol ogy, Chicago, p.p. 39-48, 1986, P. A

Ei beck et al ,9%wnApsd4CotifusiThese artidgs At ingomeratedy Tefaresce MerpiRafeE dheent |
Conmbust . Sci . T : / . | LS99/ . Pp.
147165, ThedararTs o) deenb RS bus omiER VAT oS Bl oty

pur pose of ddtshobidnbe pedrefelly owbed; t hawevendthaarfoodise tpupeasesf ofpthes gresent
conmbustors. .t shoul careful | v noted, how r hat for th urposes
of the pr eseHPveqﬁw\peﬂglygﬁ?seom?I?e ﬂcyS'EHStB[ﬁ é’? o) sﬁhgi grea?%oa&lﬁ ?ggga{"ﬁ)%at
are capabl e ahe dmhpinigen@nt Has havipg RGEINBIIg §equenaeioigh@positivatydigs anddtissmce of
the positive cycles and the negative QA/cIes,. or -_as used herejn -
oscillating fW%ﬁ'Y%\Fé!F'?ﬁnﬁr Pt HERHERteIN qaescihalings floyevering impINggaIeatt er
of the i npi NGREENThEASWIHENIsHRScIHraitef bE MRl impiSyah&Ht! FHBaBE RighificaRY | Ng
benefits over the prior art's steady-flow inpingenent gas, as wll be
shown f urt herdevateiing bandweneargy-sapipar deoefits0 over tthe prioseart’'si pleadyritow
including th £ v 20, . S rt 70, is designed to
be capabl e oﬁ"@%@ﬁﬁg:&%é%%@" %es%’ﬁ%gyhﬁgr %?%W/—é%\s/)\g'rsi ng i npi ngenent air
or gas onto the wdtheSdpparatosdiongf the presepit @neatien Nhaadingahe patsef garepater
control | able,_pattern. F|Gs. 1, show several princi

6, 7, and 8 al
arrangement s 2 3AeSuVSE HaRoral Br is>gesigned itoebe SaPRRleneh Asslptng MR, 1n
FIG 1, the pdcHrtdH #BWaledbrs impﬁﬁdw&ﬁ%irt&?ﬁagﬁé kﬁgé%gla%rdi @f&ing

i mpi ngenent air or gas onto the web 60 suppor suppor 70 and
travel i ng i n prerdeterimired|i anscprietanably coMioliakde, usatigrme FEGH , 1, t6h d, ‘and Ghshov
direction" is_a direction which is p |lel to the fl of ,th b 6

Chr ough the. SE{aI P ek ATHRGsmeish ol Begpyise g =ty Blaeke Joffoteh on
which is perquppdHczo.aln FIG! NetheBsilsd 8efbratst 200 BiseRskgea tRe lostillaery RBw-
general plane of the web 60. In FIGs. | and 9, the resonance

~ gas- di st ri buteMgrsdigimmngBnens air or gas onto the web 60 supported by the web support

70 and traveling in a machine direction, or MD. As used herein, the “machine . -
direction” is a direction which is paralle! to the flow of the web 60 through the .
equipment. A cross-machine direction, or CD, is a direction which is
perpendicular to the machine direction and parallel to the general plane of the
web 60. In FIGs. 1 and 9, the resonance gas-distributing system 35 is
schematically shown as comprising several cross-machine-directional rows of
resonance tubes, or slots, 15, each having at least one discharge outlet 39.
However, it should be understood that the number of the tubes 15 or outlets 39,
as well as a pattern of their distribution relative to the surface of the web 60,
may be influenced by various factors, including, but not limited to, parameters of
the overall dewatering process, characteristics (such as temperature) of the
impingement air or gas, type of the web 60, an impingement distance Z (FiGs. 1
and 7A) formed between the discharge outlets 39 and the web support 70,

residence time, the desired fiber-consistency of the web 60 after the dewatering



schematically shown as conprising several cross-machine-directional rows of
resonance tubes, or slots, 15, each having at |east one discharge outlet
39. However, it should be understood that the nunmber of the tubes 15 or
outlets 39, as well as a pattern of their distribution relative to the
surface of tWe@o04B8360, nmay be influenced by various fact ofGT/USIE4TEI ng,
but not limted to, paraneters of the ogzrall dewatering process,
characteristics (such as tenperature) of the inpingenent air or gas, type
of the web 60, an inpingenent distance Z (FIGS. 1 and 7A) forned between
the di schar ' B‘éﬁﬂsé%féh%gr%%t fryentigrnis ted,7and othess. dERR eulietss9 need

desired 11 DeThogst o R Bty YEBERRIY il dGISl ROEID £ORR03

PCT/ US99/ 14718 process rese nvention is c ete

ot hers. The cmutlletstw sayrravd anycﬂmt!alaieshape oinolddigane rot hmrteemnmemeyally
enbodi nment shov% n FIG 9. The é’ﬂ sts 39 may have any suitabl e shape,

i ncl udi ng but®HEPYIRRFHRRE Shewp iy rectangul ar shape shown in FIG

4B. As used herei ps U564 haFdmh,” lH@k&Hﬁﬁ%ﬁnd&ﬁr@%@tanc@e%&@%Fé& as 24"
means a cl earance formed between the di scharge outlets 39 of the gas-

di stri buti ng mgansem sl@aranget fmn’r@ébb@tmeacmenglssmrbaceutiﬁtst3ﬂa ofiethesgppor t

70. In the & ed e t ar at us pLes
(oventi on. - a LI e SRTRE b AR 0] yrebriorPiR iR Juitied Ot Pecistcasontp. o
provi ded. Suche pasiesed@mbodpigHt iof theCAP&Ratlis QD tﬁ@ﬁ#é%bnﬂﬁ@&ﬂ@nsﬁﬁneaﬁ*% vel |
as automat ed devices, for causing the outlets 39 of theogas di stributi ng

system 30 andot sRNtNGthsJmPingement distasce Z é]aélth’Q/éf qviflesla chu@t means maye.
toward and a r t
di stance Z. %ﬁ{ét@fegg‘@%&{aﬂﬁ{ﬁ”#%rﬁgegﬁ%% g‘)ﬁg%s %ﬁOhgwbe%rra?l cally

adj ustabl e i rcal'uemgdheeutletseSQso?fghalgaémmimtmgraystelm de\andehe 9@b sapport 70
schemati cal | % shown he control device asures%% | east one of

CFLG 1
the paranet er'8 V& rﬁéaqﬁgvtﬁte@fshr? Br b&e<OWEF BRL 2¥aY (R FaFAREEr SRVt he

web 60. For exdpisthg thé BpifgamER! didRKEE 2. NBYpRetiddlly Sthed dn€ difeawdl | Ng
device which is degl gnedptg rreasulre t he noi spture (S:,onteeH.{ES‘JHC%?a the web 60

before and/ ¢k Mayther aytamatieallysjystaiain esspetse to asignal fremod gpntrelrdeyigei ng
Lhe process. Yo, WAL sﬁégny%ho&ﬁ'.%léh YRS Botdls LIS IR FOILBE st Fnet N

web 60 is highér or ovver en a certain pre-set vel,
noi st ur e- neas:irtheg:uatlamete& ot titks daw;aﬁalhhgrprocess or one of the parameters of the

- web 60. For example, the control device may comprise a moisture-measuring
device which is designed to measure the moisture content of the web 60 before
and/or after the web 60 is subjected to water removal, or during the process of
water removal (FIG. 1). When the moisture content of the web 60 is higher or
lower then a certain pre-set level, the moisture-measuring device sends an error
signal to adjust the impingement distance Z accordingly. Alternatively or
additionally, the control device 90 may comprise a temperature sensor designed
to measure the temperature of the web 60 while the web 60 is subjected to the
flow-reversing impingement according to the present invention. One skilled in
the art will appreciate that ordinarily, paper tolerates temperatures not greater
than 300°F — 400°F. Therefore, control of the web’s temperature may be
important, especially in the process of the present invention, in which the flow-
reversing impingement gas may have the temperature up to 2500°F when

exiting the discharge outlets 39 of the gas-distributing system 30. Prophetically,



signal to adjust the inpingenent distance Z accordingly. Alternatively or
additionally, the control device 90 may conprise a tenperature sensor
designed to neasure the tenperature of the web 60 while the web 60 is
subjected to the flowreversing inpingenent according to the present

I nvention. ®Onmooxssssl ed in the art will appreciate that oreiTwswh4r)s paper
tolerates tenperatures not greater thamgg300F - 400F. Therefore, control of
the web's tenperature may be inportant, especially in the process of the
present invention, in which the flow reversing inpingenent gas nay have
t he tenper at thegefare, t the2 fopiRgeiment distamdm@ ican- bé sattamaticallyt ladjustadie dh t he
gas-distributin ng %/item 30| Pr o et| ﬁv V\g 00/ 01833 PCT/ S99/ 14718 33
therefore, tFEPPRRT iQ&mional dom c%o 58 1S IS FO OPAMIE | n
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measure the tenperature of the web 60. Wen the tenperature of the web 60
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I nches. The i npingenent distance Z defines an ~i npinge region, 1. e.,
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the ratio z/ Debl%ﬂppﬁﬁﬁpab!b@h region is Dea@wed by tioe ow&at'oeqmwaqz\@nsmg |Qaﬁet er

nDc')n-l:?rgﬁlegr BFJ gget& n r@ isfe gg ?r%?qr 23!1"&“99 6&%@#@;&@% %ﬁ‘eﬂ? il e? 39

having a ci rappmtusgaormnﬂl and prbegss. of\nther preseht anyergiomiTea I iatial offtape can
be described, according to the fornula: S=1/4nD2, where S is the area of

any geonet ri FBPINIRepdistance 230 pmeauivalaet diametar (R ot g diseharee oHieket®r . For
- exanpl e, the; QP&Re ratio /D, is from about 1.0 to about 10.0. The “equivalent diameter D" i
- is used herein to define the open area A of the outlet 39 having a non-circular -
shape, in relation to the equal open area of the outlet 39 having a circular
geometrical shape. An area of any geometrical shapé can be described
according to the formula: S=1/4xD? where S is the area of any geometrical
shape, = = 3.14159, and D is the equivalent diameter. For example, the open
area of the outlet 39 having a rectangular shape can be expressed as a circle of
an equivalent area “s” having a diameter “d.” Then, the diameter d can be
calculated from the formula: s=1/4nd? where s is the known area of the
rectangle. In the foregoing example, the diameter d is the equivalént diameter
D of this rectangular. Of course, the equivalent diameter of a circle is the
circle’s real diameter (FIGs. 4 and 4A).

Various designs of the gas-distﬁbuting system 30 suitable for delivering
the oscillatory field of flow-reversing gas onto the web 60 include those

comprising a single stréight tube, or slot, 15 (FIG. 4), or a pIUrality' of tubes 15



area of the outlet 39 having a rectangul ar shape can be expressed as a
circle of an equivalent area "s" having a dianmeter "d." Then, the di aneter
d can be calculated fromthe fornula: s=1/4nd2, where s is the known area
of the rectangle. In the foregoing exanple, the dianeter d is the

equi val ent ovaonzugss D of this rectangular. O course, theP@uEIYH7ENL
dianeter of a circle is the circle's reg dianmeter (FIG. 4 and 4A).

Vari ous designs of the gas-distributing system 30 suitable for delivering
the oscillatory field of flowreversing gas onto the web 60 include those
conpri si ng a(@\éndb-eT@Prgﬁoglﬁmqahﬁb,ap%rfeblﬁw sizesapgthg numbepef thegubeslbty of

tubes 15 WO : Lcal pe,
rolative si zaoPaiiarltnc e datirandfis bR, viq ol HESEFH FRl oI ES
heat transf edrymg$urface, ahd ottdraddrameters of thle @rocesscaRedarttess oflitgispgcifiar f ace,

d oth t f the pri . R dl f it | fi design,
The gas di St FEDED M SpsriB PR S Rb sl qasapss CAURR. FhrpEercess
First, if thejrgass fleSgdd-BisfribDing X5étem 36 cORIPPELS PSsInaRes AN 15 h8sreby

thereby forming the resonance gas-distributing system 35, as was expl ai ned
above, the faBymihegegarantiesgas-dstributing gestem 3% amwas explained ehpverrthe

convert, the ti roduced | i de the, conbustion chanber, 13 into
the oscill at (r)ers%?\gp#‘%mb%%\clj%ﬁqﬁaa ﬁfﬁ?{ﬁa‘e tmé’ﬁg,tr%%sq%&crolrbecgnﬁggveth%
Second, the gambustioh gasprotigedinsidentndGombatticiethamert 3cinestiel dsziliatory

fl owreversi ng I npi n%gm_ent_ gas onto the web 60. By the requirenent that
the gas- di st PPWGRYSI§NGy ¥PRIRGENENt 9SS, @S| OeEsriRede abRYR-ngSREARd.gdRe RSO t he
web 60, it ig; hat |, 5XPd CLI e ﬁw e

nmoi sture cont lgi ne ?n@t%%éﬁ\r%gbmggpaés]ﬁg asotggﬁ%t?wls%el%‘ggé\bégrgﬂtn?a' y gnﬂe this
noi st ure frogas vatowie ¢8b&kd Bydhe aeqlimemmetarthat theegasadistibeting tspsteme3eb 60.

It should be understood that. the requirenment that the inpin n{ .gases be
del i vered onf's ﬁ%?'%%rb _ "BBE’@‘*W&P[ %?cpﬁtﬁe{h%é‘fe%t ﬁé i"r’rﬁ ﬁ@%%ﬁ%agé Bs may
penetrate, aimpifgérheMmagad Ausy actividy WRBagSthe Moisiér SéhtainBd SAtRe GEROEH MENt S
of the present invention, the inpingenent gases can penetrate the web 60

t hr oughout t Bectwep'te atheast @artidlly gemove thistmoeiskire from theeweb B0garshira ag,
heating, evapgyatd9agidaGEI0N RIrEWeb &6°M ! doudeR &Rderstood that the

- requirement that the impingement gases be delivered onto the web 60 does not

exclude that the impingement gases may penetrate, at least partially, the web

© 60. Of course, in some embodiments of the present invention, the impingement

gases can penetrate the web 60 throughout the web's entire caliper, or

thickness, thereby displacing, heating, evaporating and removing water from the

web 60.

The design of the gas-distributing system 30 can be critical for obtaining

desirable high water-removal (i. e., web-dewatering and/or drying) rates — up to

150 pounds per square foot per hour (Ib/ft>hr) and higher, in accordance with

the present invention. Not only a resulting open area of the discharge outlets

39, in relation to an impingement area of the web 60, is important, but also a

pattern of distribution of the discharge outlets 39 throughout the web’s

impingement area. As used herein, the term “resulting open area,” designated

as "LA," refers to a combined open area formed by all individual open areas A

of the outlets 39 together. An area of a portion of the web 60 impinged upon by



The design of the gas-distributing system 30 can be critical for obtaining
desirabl'e high water-renoval (i. e., web-dewatering and/or drying) rates -
up to 150 pounds per square foot per hour (lb/ft2hr) and higher, in
accordance with the present invention. Not only a resulting open area of

t he di schargeoowtlsets 39, in relation to an inpi ngenent arPenUsd9/181@ web
60, is inportant, but also a pattern ofzglistribution of the discharge
outlets 39 throughout the web's inpingenment area. As used herein, the term
"resulting open area,"” designated as "EA, " refers to a conbined open area
formed by al eimﬂlatwdlo“bmﬁrsmgammemnttﬁnb! atarlyonemsgot efdhe caetinuods ar ea

of 3 POr i onegebbS Walichld Tl ARed: URO BHCURCAPLOAPES FE WaBlddzae 35

the oscill at O T VT S ng I plrhgenen any noren
continuous prexEs@an e daﬁ:u[yt@d as mermﬂnwasreaR féia“rmnggematﬂe imptageméntThe
| mpi ngenent areg(El can be cal cul at ed as Is a length of the

i mpi ngenent G |:1)Ganq’-| i hyidthof tg‘eal”% & Iﬁﬂﬁs lglﬂi‘%b) 6bN] fiskanceg ang
11). The di sha@%ﬁné’u 'b§ tﬂé’fgbﬂﬁ’\@tr?)bﬁ gAteaiRlbin fs&gtgﬁ\ﬁ‘ @b@&énh)gﬁ} Lng

system 30, specifical a machi ne- I ona | mensi o pattern
of the plur amactmnef-dltdwodalsdlhmng@n afutheepattedd  of abe artalivhofvthe disEhazgel. The

i pi ngenent  ar t her an area corre ndi.ng,.t 0 _a reqi on
outlined by PH§§B§9 ap Regtfs 'Bvlﬂ{;alﬁl tyedpp{r}g‘gme(ﬂt E?‘?ggd% "68 Hegpordy

rel ati onshi pah@rwearrbﬁworfw{d a 'ﬁ%@rﬁ"éﬂtlﬁé@%yﬁﬁewerﬁ Betheahusalitynd th@emsnt
area E can be defined aratio

whi ch may be from 0.002 to 1.000.
Accordi ng t od§CBa@Pe¢utla$ 3RbAlirelatienship bﬁbvqﬁne%\emesumnganenoafeat% angtio

e The e RensAnbitithdn arta £ Bl BTN by) 6 O Stk Bnich Ty BE21 | L
t he present Fmomentdd2nto MAON hermtuuﬁg) t@aallprgerredsémb@dnmnﬂtoenhefpsresembout
10% t o about 60‘V trle wat er - ﬁm)va rates are higher than 30 b/ft2hr.

The preferr eﬂ“ﬁa i, the falp FAIE s dtom, 0 D0Rite Q0% (he?m 3y CBG‘pf'B?Sf om0-5%1tRe nore
preferred wayges fpdiR¥ab E) agﬁé nidre Hréf%ﬂ:ga $at‘cpf:i\i@f§rfr5n? OJdSI@J tblef {d2hr and .

even higher. In order to achieve the sired water-renoval rates for the
web 60, the osciAtearding fd dhe rreesamdi ingentioei, fge teetwein 60s havind moistweabl vy

L 0= ERBbP it A Ak o BOYRThG Bl e AR e’ L

The osci | | at.oBy3d ibft*thr CPHe preferred water-removal rates are higher than 50-60 Ib/fte.hr. -
The more preferred water-removal rates are from 75 Ib/ft>hr to 150 Ib/ft>hr and .
even higher. In order to achieve the desired water-removal rates for the web 60,
the oscillatory flow-reversing impingement gas should preferably. form an
oscillatory “flow field” substantially uniformly contacting the web 60 throughout
the surface of the web 60, at the impingement area E. The oscillatory field can
be created when the flow of the oscillatory gas from the gas-distributing system
30 is substantially equally split and impinged onto the drying surface of the web
60 through a network of the discharge outlets 39. Also, temperature control of
the oscillatory impingement gas within the gas-distributing system 30 may be
necessary due to possible density effects within the pulse combustor 21 and the
gas-distributing system 30. Control of the gas temperature at the exit from the
gas-distributing system 30 through the discharge outlet(s) 39 is desirable
because it helps one to control the water-removai rates in the process. One

skilled in the art will readily appreciate that control of the gas temperature can



be created when the flow of the oscillatory gas fromthe gas-distributing
system 30 is substantially equally split and inpinged onto the drying
surface of the web 60 through a network of the discharge outlets 39. Al so,
tenperature control of the oscillatory inpingenent gas within the

gas-di stri bwo ¢wg18spst em 30 nay be necessary due to possi FCEUSEHL 18y
effects within the pul se conbustor 21 armgg the gas-distributing system 30.
Control of the gas tenperature at the exit fromthe gas-distributing
system 30 through the discharge outlet(s) 39 is desirable because it helps
one to contr 8P ageemplished by tbe alser et water-goelpe jpekete o5 airlgas-cogling|addhen t he

art wll readj ' t

001 01883 TP LSS Uihe Biise ¥Rl Rlor 21 o Tes GUPBLAN SRR

j ackets or aPréssasizedaboling air andeheatttanside finsmac atsodie tubed puksmtraidhbust or
21 and the gas-dqdistributi system 30.  Pressurized cooling aif an

heat - t r ansf eP3f ﬂﬁ@p &l é}ghﬁedﬁféﬁégq BUQ%IFH HENd ﬁ% requsr 1‘"&%{35} gﬂ%?'g]sﬁt t he
di schar ge outb@bastdP 288 Well 2836 \CBRtrAIaRE IddatibR ®f I SSmbGIBRYRINGR frért.inas
well as to control the location of the combustion flame front in the

resonance t ubg egsonance tubgsy 16een found that the oscillatory field can be

di stributed using,t out | et 9, havin varl et f | ca pes,
provi ded sever al guri%ge??eﬁ‘e%soun rtgabﬁgf %srcglﬁ%g;y?fgﬁkfgéggn_e E{%ﬁ-@ Réc{ ﬁ%hggggnance
gas-di stri bubutgts3Ehavinga rety df gpoméricabshapesy praxitcdl severalngsdelings

| engths in each tube 15, in order to maintain such _acoustic-field
properties adre preferabiveiofipwedt fist dhniEasPrantegauifistriputing syetem 35 shpdd

combustion ¢ | ' ' r | :

coci 11 at ory" PRApGbl fialced i Bifirct Aetiint Hf Sach €88 hPifdePidmblifain, |
desi gn of t Isech esouslindieldpopeitiEsrashtotansgresthat the BBugtic prefssutecegenerated
gas-di stributi system 30 should .preferably mnim ze "back" pressure in
She Combusti ik 1 BERbESO tradhe 1§ (LRI AR ¥nd BB capitca Firg e
operation of gkbifatahy fidalat thel dat froMIRE Gisthbdpge MRS 89, iSecond,aRé @d¥igADfC
nature), and consequently reduce the dynamc 'pressure generated by the

pul se conbusths reseRanes gagslistiihutingraysieal 88i(eryof e asfs-dinleibLiRg AYaBNMO)gases.
o552 LR BRARRD, B e Mol Sy bty LoRiBER
of the tube ®ackupessife. mdy raiReselyhaifectn tis® napepaticdiofetites dimealve 11a
(especially, when it is of aerodynamic nature), and consequently reduce the
-dynamic pressure generated by the pulse combustor, and the oscillatory velocity
Vc of the impingement gases. Third, the resulting open area LA of the plurality
of the discharge outlets 39 should correlate with a resulting open (cross-
sectional) area of the tube or tubes 15. It means that in some embodiments the
resulting open area XA of the plurality of the discharge outlets 39 should
preferably be equal to a resulting open (cross-sectional) area of the tube or
tubes 15. In other embodiments, however, it may be desirable to have unequal
open areas to provide control of the (presumably uniform) temperature profile of
the oscillatory field of the flow-reversing gas. By analogy with the resulting open
area XA of the discharge outlets 39, one skilled in the art would understand that
the “resulting open area of the tube or tubes 15" refers to a combined open area
formed by the individual tube or tubes 15, as viewed in an imaginary cross-

section perpendicular to a stream of oscillatory gas.



resul ting open area EA of t he plurality of the discharge outlets 39 should
preferably be equal to a resulting open (cross-sectional) area of the tube
or tubes 15. In other enbodi nents, however, it may be desirable to have
unequal open areas to provide control of the (presumably uniform

t enper at ur e woaboises of the oscillatory field of the flow PEFAISEYHE8gas. By
analogy with the resulting open area EA3¢f the discharge outlets 39, one
skilled in the art would understand that the "resulting open area of the
tube or tubes 15" refers to a conbined open area forned by the individual
tube or tubes 15, Aupatieravefdistribution afkierdischacge gutlets @8t inarapaiewemelative ar t o

a stream of l.ato : S 4 rn, of

di stributi ono%:‘\1 h%r*ngdﬁgc'ﬁ%?é'g%u?%%%% aﬁég?a%%n?seév%%n-r%g%%ﬂé{er%e web
60, may vary.arrdyCof anstrfbmao:exanmlems 6ﬂm§!$|batldﬂ1)Bompﬁdﬁglr&hagg@mrﬁ(itagger@d' of
di stribution. Patt{%&ﬁia di stribution COH‘?I’I Si, n non-r andom s a[%;egefr

arrays facili38@% itate \racregyan aprlicgtonof the i Sﬁﬁ‘éﬁhﬂ?s @f(’é Rigre
therefore nomgrel DhifeHMddkridutioRUsT BB gfé s tdhpdagrd %ﬁBe\FékBélfye rélafve/ @ A5 t Y,
relative to the inpingement area of the web 60. The discharge outlets 39

may have a SNRNGAMSTE| angar et:ttmgmbaﬁoshé’;s\g, disshangewautiets F3May Bave & h

of the-web. oo UtfartaRy LGy Shoba" atlstah HGs" 48 Chubth TefahhBran "
60. FlIGs. 10 dischakde DhitstIsecnlse desighedtd cover Hisémtive IddhaTne web®0aor '

plurality of blow boxes 36, each termnati n%‘wlth a bottom plate 37
conprising thaltgnakively yanympartien of the wadtof dig web §030. The di schar ge

outlets 39 can be r N r t 7y by
any ot her nethod anlg;\%n In ?hie)‘FaJrr}%thé)%%éJ@BH&hﬁ ngtgm tgg)r?: %Bﬁﬁn&
general |l y tr aplaeitydef blshammcestnﬁ eatch tehmubﬁwdamthrahotﬁmmbterm carhprésing hapes
of the bl ow b?\)é 36 are possi kewi se. whil e the bl ow box_shown in

FIG 10 has uBlurality o the dﬁ%g}le t?b'f'?tén?g pl % d\?f’hafﬁe Rutet§edth GANsRGver ed
that a non-pl RRAEd @5 p%%i’eﬁﬁn?» rillg?rl'c’ﬁgl‘?fthé B@tt&?ﬁhﬁé@é‘h7ﬁ%ﬁbﬁ¥ BthefMethEd Reswn bl e,

and even preferable. For exanple ows t ow box 36 having a
- convex bot t oningheatast. 3n; FI@ndoFlh&blaw b@h@ﬁshaSh@gbheﬂallb@)apewdalaﬁhawg.:Qutclbnca've
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Likewise, while the blow box shown in FIG. 10 has a substantially planar bottom

plate 37, it has been discovered that a non-planar or curved shape of the bottom -
plate 37 may be possible, and even preferable. For example, FIG. 12 shows the
blow box 36 having a convex bottom plate 37; and FIG. 14 shows the blow box
36 having a concave bottom plate 37. it has been found tha_t the convex shape
of the bottom plate 37 provides higher temperatufes of the oscillatory gas in the
impingement region, relative to the planar shape of the bottom plate 37, FIG.
13A. At the same time, the concave shape of the bottom plate 37 provides a
more uniform distribution of the gas temperature across the impingement area of
the web 60, relative to the temperature distribution provided by the planar
bottom plate, all other characteristics of the process and the apparatus being
equal, FIG. 14A.

While FIG. 12 shows the bottom plate 37 which is convex and'is curved
in cross-section, FIG. 13 shows another embodiment of a generally convex

bottom plate 37, formed by a plurality of sections. FIG. 13 schematically shows



| mpi ngenent region, relative to the planar shape of the bottom plate 37,
FIG 13A At the sane tinme, the concave shape of the bottom plate 37
provides a nore uniformdistribution of the gas tenperature across the

| mpi ngenent area of the web 60, relative to the tenperature distribution
provi ded by wbeopissmar bottom plate, all other characteri BCT/US90#718 he
process and the apparatus being equal, B§G 14A. VWile FIG 12 shows the
bottom plate 37 which is convex and is curved in cross-section, FIG 13
shows anot her enbodi ment of a generally convex bottom plate 37, fornmed by
a plurality dheskaitonypiate RAGcomprisiogetiveas seattionss irofiest \wectior 31883 second

Cection 31 ostitag B hRTS8sRrisa] w PR Rt onetion e Hhonfaly

Cross-sectiorgz,tdifi 3Bdbin®@anRgRE, therbbetvdith, Idereby Tomilay &F "brorée iae et the
thereby formng a "broken line" in the cross-section shown. O course, a

nunber " of t he&reeTEPiRs, shewne Qf caprecq mumiiensd thayseglionsrag Weh A& shown
(n FIG 13 FHapBXRED diferc 6 floskhowtefit FRES 181, r:g?’ex?ﬁ’\gleg‘?éacﬁhw\ﬁg n
trally pl [

FIG 13 has a substa anar cross- sectional con uration. wever
each of the ssactionns$1382, add IMdhdgnnimyFiG: 13 hds\eé dubsthgtialiyr pedan owiss-

shown), anal ogously to_the bottom plate 37 own in 12. e skilled
T the art s RO M EPERREN: VA TR D B $ ot Gt R 37
havi ng a conviadividuame chiveat (Wt sRbwAPtanaidgsasy totthe HollenBRit&RY skbwi ance Z,
defined herein above, may differentiate anong the discharge outlets 39.

Therefore, asFl&d@. herein, the inpingement distance Z in the context of the

convex bottom pl ate 37, i n,ave e L thneti f. L ndi Vi I

| mpi ngenent  di st acﬁ%eeék'gq ﬁ?‘ﬁ‘% aig?ﬂ%lf@apﬂﬁ%e@? (iq% .ggﬁl, fgﬁggte{)%grp Qttem
web- cont act i ngates 87 flepdngdla thtvexebhapad patidthei0 onmbt reedwarl)! tive irpitigenenal
di scharge outlet 39 taking into account relative open areas A and

rel ative nuntdist@nee Z defingdRergingboveymeydiffesentiale among the dischargeRigisrent
area of the ved $Rerefddb, & ﬁereg'!, Sﬁ%%m&éméﬁ didlatcd f?rlu ﬂ%ﬁid?ﬂé)@loﬁr?e 37

has, in the cross-section, three charge outlets 39 e section 32)
havi ng t he i nginvgebettbmdplstende és 28, avenagal asthimmtigeof alutnidbtiduad dmpimgement each

of the SeCt'i-oc?ngta%clzeg %322) Eg,Viepcg (H](?s.i rlryigr%e r:i‘.‘aig'tbetween the web-contacting
surface of the web support 70 and respective individual discharge outlet 39,
taking into account relative open areas A and relative numbers of the discharge
outlets 39 per unit of the impingement area of the web 60. For example, FIG. 13
shows that the bottom plate 37 has, in the cross-section, three discharge outlets
39 (in the section 32) having the impingement distance 23, two discharge
outlets 39 (one in each of the sections 31 and 33) having the impingement
distance Z2, and two discharge outlets 39 (one in each of the sections 31 and
33) having the impingement distance Z2. Then, assuming that all discharge
outlets 39 have mutually equal open areas A, the impingement distance for the
entire bottom plate is computed as (Z3x3+Z1x2+Z2x2)/7. |If the discharge
outlets 39 have unequal open areas A, the differential areas A should be
included into the equation, to account for differential contribution of the
individual discharge outlets 39. The individual impingement distance 21, Z2,
Z3, etc. is measured from the point in which a geometrical axis of the discharge

outlet 39 crosses an imaginary line formed by a web-facing surface of the



di stance Z2, and two discharge outlets 39 (one in each of the sections 31
and 33) haV| ng the inpingenent distance Z2. Then, assumi ng that all

di scharge outlets 39 have nutual ly equal open areas A, the inpingenent

di stance for the entire bottomplate is conputed as (Z3x3+Z1 x2+Z2x2)/7.

| f the di schuogwnsssut | ets 39 have unequal open areas A, thBCHUSPEAHEAt | al
areas A should be included into the equagion, to account for differential
contribution of the indivi dual di scharge outlets 39. The individual

i npi ngenent di stance 71, Z2, etc. is neasured fromthe point in_which
a geonet ri calboieMmspigte Bhe 'Uleséﬁa? deethed, of spmpyting as%g@plaaemﬁwgqhﬁtaﬂye 4 ne

formed by 2 Vel hacbifd U Saotliel RSNYCLARLOJERI FETLLERD ¢ hprifpot tom

pl ate 37. The I ngenen

applied, if appnipgicinder 80} IFdGso?It At and a(he \asboaelmﬁleu if0 theso raptr il ng a
drying cyI [ nder 80 FIG. 7, 7A and 8(1V), as one skilled in the art wll
appreci ate. @8& gns and pernutations of the gas-distributing system

30, including th@tﬁéﬁ“&é@f*@ aHY | SérnusRiondr f aRat §H§1H%irﬂﬂjtth &%ﬂerﬁr geent .
i nvention. For exanR i plurality of orifices in the ates 7rray
tthe|di

conpri se obl dmjurging mam egtletss‘t& iape codteimplatedrin tUetnﬁeﬁrﬁeanm'POer n,

as scheratic ho I_nation. ) of
the round di Jh el P b8 pLially of ginpr R ErinRe ey Rar Gl SR LMS vy
be used, if dikeiticiés d.slrnbthledaﬁ@rpaé-uéterrmueafpétt&npée%@ﬁémaﬂm téown i is
al so believed that an angl ed ap gl i cation of the oscillating OW- reversing

air or gas ndyCh@Apddavwiee. A Fymbisation ﬁ‘qt sBownL2fdhe fP'#f‘v‘éﬁ'tSF‘EﬁfgeW“etsé'fﬂgl ed"
application ifnd feEiike Hg@ﬁa% mﬂ%? Hﬂbé% HOR 43 wénﬂ%%%%@ﬁé&ﬁﬁ he
g t p

oscillating alr or gas an con act| surface o port 70
form an acutt® efithé predest alventisen. Fl Gs. 12 and 13 illustrate such an
angl ed applicati houl d be

carefully noted, ?thlﬁ?\/%{g? I(f)‘%%lfjl {r}?ilagﬁélf‘g 8&?@‘3@2&’ o‘?r{ @‘Ie 8?1%"%]5‘@ ﬁ'f"%ﬁi ng

air or gas I&emtsmgnawaﬁsgés InyayC BB tsHeRBibiR lusell ihnPeCpridsent inveRsaY e, Byr
ot herwi se curved (or "broken") shape of the bottomplate 37. In other

wor ds, the cu?U@'&do?PB'F‘@tz'eﬁ it isoneanh thetthe pesitiverdirrctionaf| {hegetegagmefithe, -
provide a nonsgiiatifg air or §as and a web-contacting surface of the web support 70 form

an acute angle therebetween. FIGs. 12 and 13 illustrate such an angled
application of the oscillating impingement air or gas. it should be carefully
noted, however, that the angled application of the oscillating air or gas is not
necessarily consequential of the convex, concave, or otherwise curved (or
"broken") shape of the bottom plate 37. In other words, the curved or broken
bottom plate 37 can be easily designed to provide a non-angled (i. e.,
perpendicular to the web support 70) application of the oscillating air or gas, as
best shown in FIG. 13. Similarly, the planar bottom plate 37 can comprise the
discharge outlets 39 designed to provide the angled application of the
oscillatory flow-reversing air or gas (not shown). Of course, the angled
application of the oscillatory air or gas may be provided by a means other than
the blow box 36, for example, by a plurality of individual tubes, each terminating
with the discharge outlet 39, and without the use of the blow box 36. While
denying to be limited by theory, Applicant believes that the web-dewatering
- benefits provided by the angled application of the oscillating air or gas may be



per pendi cular to the web support 70) application of the oscillating air or
gas, as best shown in FIG 13. Sinmlarly, the planar bottom plate 37 can
conprise the discharge outlets 39 designed to provide the angl ed
application of the oscillatory flowreversing air or gas (not shown). O
course, the wagl@adss application of the oscillatory air or REEUSYY47BE

provi ded by a nmeans other than the bl owydox 36, for exanple, by a
plurality of individual tubes, each termnating wth the discharge outl et
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t he process of
angles A (A1, A2, A3) can (and in some embodiments preferably do) differentiate

therebetween, as best shown in FIG. 12A: A1>A2>A3. One skilled in the art will
appreciate that the teachings provided herein above with regard to the angle A
may also be applicable, by analogy, to the concave bottom plate 37, shown in
FIG. 14.

FIG. 15 schematically shows an embodiment of the process of the
present invention, in which a plurality of the gas distributing systems 30 (30a,
30b, and 30c¢) is used across the width of the web 60. This arrangement ailows
a greater flexibility in controlling the conditions of the web-dewatering process
across the width of the web 60, and thus in controlling relative humidity and/or
dewatering rates of the differential (presumably, in the cross-machine direction)
portions of the web 60. For example, such arrangement allows one to control
the impingement distance Z individually for differential portions of the web 60.
In FIG. 15, the gas-distributing system 30a has an impingement distance Za, the

gas-distributing system 30b has an impingement distance Zb, and the gas-



present invention, in which a plurality of the gas distributing systens 30
(30a, 30b, and 30c) is used across the width of the web 60. This
arrangement allows a greater flexibility in controlling the conditions of
t he web-dewat ering process across the width of the web 60, and thus in
control I i ngwabedigsae humi dity and/or dewatering rates of pCERUSOMA4ES enti al
(presumably, in the cross-nmachine directjpn) portions of the web 60. For
exanpl e, such arrangenent allows one to control the inpingenent distance Z
individually for differential portions of the web 60. In FIG 15, the
gas- di st ri budistriputingt eysteda 30as has ampmpiragesrent ddistameeeZga, Edabh of the
gas-distributing syst .30b has, an_{ npin nt di stancg .Zb, and.t as WO
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turn, cause a greater cyclical velocity Vc of the oscillatory flow-reversing
impingement gases exiting the discharge outlets 39 of the resonance system 30.
The greater cyclical velocity V¢ enhances déwatering efficiency of the process.
According to the present invention, the oscillatory field of the flow-
reversing impingement gas may benéficially be used in combination with a
steady-flow impingement gas. A particularly preferred mode of operation
comprises sequentially-alternating application of the oscillatory flow-reversing
gas and the steady-flow gas. FIG. 6 schematically shows a principal'
arrangemeht of such an embodiment of the process. In FIG. 6, the gas-
distributing system 30 delivers the oscillatory flow-reversing impingement gas
through the tubes 15 having the discharge outlets 39; and a steady-flow gas-
distributing system 55 delivers steady-flow impingement gas through the tubes
55 having discharge outlets 59. In FIG. 6, directional arrows "Vs" échematically
indicate the velocity (or movement) of the steady-flow gases, and directional

.arrows "V¢" schematically indicate the cyclical velocity (or oscillatory movement)



conprises sequentially-alternating application of the oscillatory
flowreversing gas and the steady-flow gas. FIG 6 schematically shows a
princi pal arrangenent of such an enbodi nent of the process. In FIG 6, the
gas- distributing system 30 delivers the oscillatory flowreversing

i Mpi ngenent W08 ough the tubes 15 having the di schar ge PERUPY(147189; and
a steady-flow gas- distributing system 5%2delivers steady-fl ow i npi ngenent
gas through the tubes 55 having discharge outlets 59. In FIG 6,
directional arrows "Vs" schematically indicate the velocity (or nopvenent)
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. impingement gases are schematically shown as comprising the same pulse
generator 20. In this insténce, control of the temperature of the steady-flow gas
may be necessary to prevent thermal damage to the web 60 or to control the
water-removal rates. It is to be understood, however, that a separate steady-

flow generator (or generators) may be provided, which is (are) independent of
the pulse generator 20. The latter arrangement is within the scope of
knowledge of one skilled in the art, and therefore is not illustrated herein.
Injection of diluents during the combustion cycle of the pulse combustor,
either continuously, or periodically to match the operating frequency of the
combustor, is contemplated in the present invention. As used herein, the
“diluents” comprise liquid or gaseous substances that may be added into the
combustion chamber 13 of the pulse combustor 21 to produce an additional

gaseous mass thereby increasing the mean velocity V of the combustion gases.

The addition of purge gas can also be used to increase the mean velocity V of



the pul se generator 20. The latter arrangenent is within the scope of

know edge of odne skilled in the art, and therefore is not illustrated
herein. Injection of diluents during the conbustion cycle of the pul se
conbustor, either continuously, or periodically to match the operating
frequency ofwé bgoisgzonbustor, -is contenplated in the presenpcimsengiltdn. As
used herein, the "diluents" conprise |iggid or gaseous substances that may
be added into the conbustion chanber 13 of the pul se conbustor 21 to
produce an additional gaseous nass thereby increasing the nmean velocity V
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injection of additional water or steam into the pulse combustor 21 is
contemplated in the process and the apparatus 10 of the present invention.
This injection may produce additional Superheated steam, in situ, without the
need for ancillary steam-generating equipment. The addition of superheated
steam to the oscillatory flow-reversing field of impingement gas may be effective
in increasing the resulting heat flux delivered unto the paper web 60.

The pulse combustor 21 of the present invention may also include means
for forcing air into the combustion chamber 13, to increase an intensity of the
combustion.  In this instance, first, a higher flow resistance increases the
dynamic pressure amplitude in thé Helmholtz resonator. Second, the use of the
pressurized air tends to supercharge the combustor 21 to higher firing rates
than those obtainable at atmospheric aspirating conditions. The use of an air
plenum, thrust augmenter, or supercharger are contemplated in the present

invention.



The pul se conbustor 21 of the present invention may al so include neans for
forcing air into the conbustion chanber 13, to increase an intensity of the
conmbustion. In this instance, first, a higher flow resistance increases the
dynam c pressure anplitude in the Hel mholtz resonator. Second, the use of
the pressuwQoemhigisr tends to supercharge the conbustor 21PGTIWIE firing
rates than those obtainable at atnosphegq c aspirating conditions. The use
of an air plenum thrust augnenter, or supercharger are contenplated in
the present invention. WO 00/01883 PCT/US99/ 14718 44 FIG 8 schematically
shows several pri i phschesaticalinshews severaliprincinay/locatignsAl, ILdil, Mmand V)
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papermaking process.

One preferred location of the impingement region is an area formed
between a drying cylinder 80 and a drying hood 81 juxtaposed with the drying
cylinder 80, as shown in FiGs. 7, 7A and 8 (location IV). The oscillatory flow-
reversing field of the impingement gas improves both the convective heat
transfer and the convective mass transfer of the gas used in the drying hood 81.
This can result in increased water removal rates, compared to conventional
steady-flow impingement hoods, and allow higher paper machine velocities. As
shown in FIG. 8 (location IV), the impingement hood may be located on the
‘wet” end of the cylinder dryer. The drying residence time can be controlled by
the combination of hood wrap around the drying cylinder and machine speed.

The process is particularly useful in the elimination of moisture gradients
present in the differential-density structured paper webs made by the present

assignee, as will be explained in greater detail herein below.



steady-f| ow i npi ngenent hoods, and allow hi gher paper machine velocities.
As shown in FIG 8 (location IV), the inpingenent hood nay be | ocated on
the "wet" end of the cylinder dryer. The drying residence tine can be
controlled by the conbination of hood wap around the drying cylinder and
machi ne speewdo 00/0iBg3 process is particularly useful in the BET/HSNA#I®N of

nmoi sture gradients present in the diffeggntial-density structured paper
webs made by the present assignee, as will be explained in greater detail
herei n bel ow. WO 00/01883 PCT/ US99/ 14718 45 Typically, through-air-drying
processes of the pgypisalar thrgugh-girdrdingperoressee Qfeheuppor tart 7ase cdigr i si ng
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conduit 75, contacting surface 71 contacts the web 70 carried thereon. Preferably, the
framework 73 ‘defines a predetermined pattern on the web-contacting -surface
71. During papermaking, the web-contacting surface 71 preferably imprints.the
pattern into the web 60. If the preferred essentially continuous network pattern
(FIG. 17) is selected for the framework 73, discrete deflection conduits 75 are
distributed throughout and encompassed by the framework 73. If the network
pattern comprising the discrete protuberances is selected (FIG. 19), the plurality
of the deflection conduits comprises an essentially continuous conduit 75,
encompassing individual protuberances 73. An embod_iment is possible, in
which the individual discrete protuberances 73 have discrete conduits 75a
therein, as shown in FIGs. 18 and 19. The reinforcing structure 74 is primarily
disposed between the mutually-opposed surfaces 71 and 72, and may have a .
surface that is coincidental with the backside surface 72 of the web support 70.
The reinforcing structure 74 . provides support for the framework 73. The

reinforcing structure 74 is typically woven, and the portions of the reinforcing



enconpassi ng i ndividual protuberances 73. An enbodinment is possible, in

whi ch the individual discrete protuberances 73 have di screte conduit's 75a
therein, as shown in FIGs. 18 and 19. The reinforcing structure 74 is
primarily disposed between the nutually-opposed surfaces 71 and 72, and
may have a WIPKM8® that is coincidental with the backsi dePEHPYEE872 of
the web support 70. The reinforcing stragcture 74 provi des support for the
framework 73. The reinforcing structure 74 is typically woven, and the
portions of the reinforcing WO 00/01883 PCT/US99/ 14718 46 structure 74
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i ssued Feb. 3, 1998, to Ayers et a he di scl dsures’ of which are
i ncor por at edﬂﬂ% etDrStBUjes elr eetealc &,50Mh27 Avagsued farch 190 188G, talTsokhammetrdise a

LproughyLne e 1ARaR0S, Yo B RRICH 5. Sof Ry, (ISR N
Neenah, W sdee6, o TookhbhSet 5?&;.&566,524,2&56&6 Odtsszl,eai%@ {chirokban adt.alon Jul y
. 4, 1995, and5,66284?‘}9%ne|gsuteg ll\'pnrlld y19\9/\;'r t%’ Trokhan et a|:| 86%% 9‘6 Msgesd E’I% %

1997, to Ayers et al.; 5,679,222 issued Oct. 21, 1997, to Rasch et al.; and
5,714,041 issued Feb. 3, 1998, to Ayers et al., the disclosures of which are
incofporated herein by reference. The web support 70 may also comprise a
throughdrying fabric according to U.S. Patent 5,672,248, issued to Wendt et al.

on Sep. 30, 1997, and assigned to Kimberly-Clark Worldwide, Inc. of Neenah,
Wisconsin, or U.S. Patent 5,429,686, issued to Chiu et al. on July 4, 1995, and
assigned to Lindsey Wire, Inc. of Florence, Mississippi.

The structured webs produced by the current assignee, using the fluid-
permeable web supports described above, comprise differential-density regions.
Referring to FIGs. 16 and 18, during papermaking such web 60 has two primary
portions. A first portion 61 corresponding to and in contact with the framework
73 comprises so-called “knuckles”; and a second portion 62 formed by the
fibers deflected into the deflection conduits 74 comprises so-called “pillows.”

During papermaking, the first portion, which generally corresponds in geometry



The structured webs produced by the current assignee, using the fluid-
perneable web supports descri bed above, conprise differential-density
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are incorporated her el n by reference. I'1 cant ves,
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nucki ot - 59088 Ifc2padieB? b Krdknghi s o4 Bhar Pieh " MRk 161 g8 dpe
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- 61, rel ati vejrdcBrpdritat r@f—e,ﬁlw réRFée portion 62 of the web 60.

Thr ough-ai r - dry| ng processes of the prior art are not capable of
Applicant believes, without being bound by theory, that the density of the

second portion 62 (i. e., pillows) is lower than the density of the first portion 61

- (i. &, knuckles) — due to the fact that. the fibers comprising the pillows are
deflected into the conduits 75. Moreover, the first region 61 may later be
imprinted, for example, against a drying cylinder (such as Yankee drying drum).
Such imprinting further increases the density of the first portion 61, relative to
that of the second portion 62 of the web 60.

Through-air-drying processes of the prior art are not capable of
dewatering both portions 61 and 62 by simply applying air to the web through
the web support 70. Typicaily, at the step of applying air flow to the web, only
the second portion 62 can be dewatered by the application of vacuum pressure,
while the first portion 61 remains wet. Usually, the first portion 61 is dried by
being adhered .to and heated by a drying cylinder, such as, for example, the

Yankee drying drum.



dewat eri ng both portions 61 and 62 by sinply applying air to the web
through the web support 70. Typically, at the step of applying air flowto
the web, only the second portion 62 can be dewatered by the application of
vacuum pressure, while the first portion 61 remains wet. Usually, the
first porti &v0®@101883 dried by being adhered to and heat ed B/ HMfIng
cylinder, such as, for exanple, the Yankge drying drum WO 00/01883

PCTI US99/ 14718 48 Now, it is believed that using the process and the
apparatus 10 of the dpresent i nvention, whether or not in conbination with
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t he present iincladingoapplicatiorerof avanueimopressure, oobe neEn simuitaneotsiy remove

t hrough-ai r-dgryin L. pate the application of the rykn | nder
as a step m%%é‘“ﬁ%ﬁ@&ﬁ%‘ﬂ‘ﬁ%‘* ﬁfrsgeaé'e.” %}%‘do&eﬁ?@oﬁ@f’@mne#oalBS%Yeg%H'ons of
the process dfhusht i9bersaiid thal Bt proBesseMBY Bresdrit inventioRDEINRT igldhe ¥ hh
through-air-drying. It has been found that the apparatus 10 of the present

i nventi on mayoBRIRIeS: Vith 4he \thipueh-aindryhighicaat BIBRINGIe: Kea 2pBRlSANRD fpkieat us
43 (FIG 8, td i i ' b M 70}

et oral y 1 1fR8teAder o o 4B 1A PABRIAAAR, IoRGARD, OHERR the Melefred | &
16- 19 and desppiigaipnsidthe pragesy of thispresent inverdion, hewevere isnin"cpahination

hoe and a vatCARd AREAE e RePirRUR R % spBirgllt 1 Br MR AT P

oscill atory fihwemtionwess be ®epeficigiiyeadeinomBifationwvitie agerRaumt spparstuaad t he
vacuum pressure_created b?/ t he vacuum apparatus 43 can beneficially work
in cooper at i dRIGt$HelPeajonsIynins whightinstancs, Hieewsp fyrpag 70 fsi Rretaiably diuidhe
conbi ned de | p [V : | gl vi ;
brocesses.  Sorasiieh et At picfordbiyed heyBBRRORE in FIGE 6L il liiribed
dewat eri ng byheréie dbawe- r As erssidnigereiyithg dememt' vamudnt bpparghusiiis gdnegiiogands

devat er 1 ng. cHEIERRLENE 6 o O b B plskH Tt o 8 YR BL e | <
dependent t o kmowndnitte aaNtt iy beReGR theeBeascillaidry BbwatlersihgQyast diated by
differences in density of the web being dewatered, in
: the pulse generator 20 and the vacuum pressure created by the vacuum
apparatus 43 can beneficially work in cooperation, thereby significantly
increasing the efficiency of the combined dewatering process, relative to each of
those individual processes. Some of the data pertaining to the combination of
the dewatering by the flow-reversing impingement and through-air drying is
illustrated in Tables 2-5 below.

Moreover, it has been found that the dewatering characteristics of the
oscillatory flow-reversing process is dependent to a significantly lesser degree,
if at all, upon the differences in density of the web being dewatered, in
comparison with the prior art's conventional processes using a drying cylinder or
through-air-drying processes. Therefore, the process of the present invention
effectively decouples the water-removal characteristics of the dewatering
process -- most importantly water-removal rates -- from the differences in the
relative densities of the differential portions of the web being dewatered. This
results in increased equipment capacity and -- in turn -- increased machine

production rates for the differential density web processes.



conparison with the prior art's conventional processes using a drying
cylinder’ or through-air-drying processes. Therefore, the process of the
present invention effectively decouples the water-renoval characteristics
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the di fferemweasoinsst he relative densities of the differenPEEUS9a8TIBoNns of
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transferred to the drying cylinder 80 fromthe web support 70 of the type

shown in I @lindes-80and saidad thepran inctheapashine direci@rbMid #dhpwehe80 ihe
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(and preferab el ng ing cyll

the.pillows GR Fextse'mheuamdlexplalmﬁ@et tre \gelﬁ)satd‘oyhpm‘set kree Mlckisspepr t
70, schematlcall%shovm in ElGs. 16-19. a result, air gaps 63 are
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cylinder 80 to | ows 62 eby préventing effective drying
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el imnate thi r obl able to inmpin e hof,. oscil |l at S
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for elimnating through-air- drying step of rying fromthe overall

paper maki ng prae&xsdryingewipger fdtethe pillows Ba.dhtlcrebg preverdingf effeistive quiingrent
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 drying step of pillow-drying from the overall papermaking process, thereby
potentially rédﬁéing costs of the equipment and increasing energy savings. -
FIG. 7B shows the web 60 impressed between the drying cylinder 80’
and the web support 70 comprising the fluid-permeable papermaking belt, such
as, for example, the one shown in FIGs. 16-19. The drying cylinder 80" shown
in FIG. 7B is preferably porous. More preferably, the cylinder 80" is covered
with a micropore medium 80a. This type of the drying cylinder 80' is primarily
disclosed in commonly-assigned U.S. Patents 5,274,930 issued Jan. 4, 1994;
5,437,107 issued on Aug. 1, 1995; 5,539,996 issued on Jul. 30, 1996; 5,581,906
issued Dec. 10, 1996; 5,584,126 issued-Dec. 17, 1996; 5,584,128 issued Dec
17, 1996; all the foregoing patents are issued to Ensign et al. and are
incorporated herein by reference. it is believed that the combination of the
oscillatory flow-reversing impingement and the processes described in the

foregoing patents may be beneficially used to increase the rates of water



di scl osed in comonl y-assigned U.S. Patents 5,274,930 issued Jan. 4, 1994,
5,437,107 issued on Aug. 1, 1995; 5,539,996 issued on Jul. 30, 1996;
5,581,906 issued Dec. 10, 1996; 5,584,126 issued Dec. 17, 1996; 5,584,128
I ssued Dec 17, 1996; all the foregoing patents are issued to Ensign et al.
and are i nowopweiaged herein by reference. It is believed pdEwswhes

combi nation of the oscillatory flowrevepsing inpingement and the
processes described in the foregoing patents nay be beneficially used to

i ncrease the rates of water WD 00/01883 PCT/US99/ 14718 50 renoval fromthe
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whi ch resul t sadjacentitother@xpased’ slirfatei efnthp vadb. t iiteis tmlieded yha\tayrsrbouridbry S

believed that this thinning of the boundary | ayer reduces resistan of the
boundary' | aydPY$'0ePfAR Q&S 9#%#& pengtratigp %ﬁ& w h&yt'wagﬁgsme&@agﬁ?&sgﬁwe

cycles .of thgwapsierdiag @hiradier o?ih&é&nlié?or@%\%?r{g@h%nﬂs?%r 'd&%‘bfﬁrﬁ@FV&Ent Th' S
results in nore uniformheating of web, irrespective of differential

density of thBverien pipduRes @oﬂ@turbm cuhbn oeffechcm theoboupdary layer of
resul ta i n hi SPRcaPaRpHEr ith st WEItnG for MR S BRBh AT e,
coefficients Itbfns bélevieddhatr thisethirinimg oﬁmeamtmdaat laysr ofduche resistante @f they gas.
¢ hasbeen QR TBETES pBrILRSY 05, R L HIGH e phE RS ¢
relatively | oavmermpematbw 8i8 0P Has kepavwdiraael 4Eas tto Bwwab ed hireishits B marky - f | ow,
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by N _ g irrespectiv y
Furthermore, the oscillatory field of the flow-reversing gas produced by
~ the Helmholtz-type pulse generator 20 results in high heat flux due to the high
convective heat-transfer coefficients of the flow-reversing characteristics of the
oscillatory gas. It has been found that not only does the oscillatory flow-
reversing field result in high dewatering rates, but rather surprisingly also results
in relatively low temperatures of the web surface, compared to the steady-flow
impingement of the prior art, under the similar conditions. Not being bound by
theory, the applicant believes that the oscillatory flow-reversing nature of the
impingement gas produces a very high evaporating cooling effect, due to the
mixing of surrounding bulk air onto the drying surface of the web 60. This
instantaneously cools the surface of the web 60 and facilitates removal of the
boundary layer of the evaporated water. The combination of cyclical application
of heat alternating with cyclical surface cooling and “scrubbing” of the boundary

layer dramatically enhances the water-removal rates of the process of the

present invention, relative to the steady-flow impingement of the prior art, under



t heory, the applicant believes that the oscillatory flowreversing nature
of the 'inpingement gas produces a very high evaporating cooling effect,
due to the mxing of surrounding bulk air onto the drying surface of the
web 60. This instantaneously cools the surface of the web 60 and _
facilitatesweonngss of the boundary |ayer of the evapor atec/U&mw/e4718 The
.conmbi nation of cyclical application of #geat alternating with cyclical
surface cooling and "scrubbing" of the boundary |ayer dramatically
enhances the water-renoval rates of the process of the present invention,
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The foll ow ng TABLE 1 and TABLE 2 show sone of the characteristics of the
exenpl ary pr HOWIEVEISNG: 93S. ih Berpiarce with the Reesgplioxamtiqn AURVE QRe tPiseABLE

1, the param{&impiRgerhbft RRPRTALIS i%?eé%@% BLQ@Q@*@@HQ&&%&?}@%% thd GpPUl se

conmbustor 21, princrpally shown in F aving t W ng di mensi ons
and operati@®§. characteristics was used to evaluate the paper drying rates,’

TABLE | oo sect iR iAPWRIETABLE EHREraBle 2 thow poref e eerRaRgi e
Tai | pi pe andthdl exenbistary(grpcéssléhd the apparatus 10 of the present invention. In TABLE
1, the parameters of the apparatus 10 are presented. A propane-fired pulse -
combustor 21, principally shown in FIG. 4, having the following dimensions and
operating characteristics was used to evaluate the paper drying rates, in . .

accordance with the present invention.



Vol une of Tailpipe (W) 0.30 ft Volune of Conmbustion Chanber (W) 0.21 ft3
Frequency (F) 86 Hz Tenperature |nside Conbustion Chanber --2800F °
Acoustic Pressure |Inside Conmbustion Chanber (165 -- 179) dB D aneter of
Di scharge Qutlet (D) 0.25 inch Inpingenment Area (E) 1.00 ft - Ratio EAE
0.05 Ratio wODodisgs -6.3 Tenperature of Gas at Di scharge BOU/Ug944718852 - -
2037)F Residence Tinme (0.087 -- 0.257) ggc. Experinents have been
conducted in accordance with an article "An Apparatus For Evaluation O
Web- Heati ng Technol ogi es -- Devel opnent, Capabilities, Prelimnary
Results, and Potential Uses" by Tinot hy ﬁ"Athl-eﬁ%on et al, published in
TAPPI JClJRNAL, \HMS , g sheet is
propelled at ty i car ustrlaI paper machi ne speeds u At ed
oscillatory fiel &W'"F%benﬁﬂhewqﬂei%?@iﬁw Bpadl) as |descri etd fher e| n.] This
exposes the sheq vgmeap'pg.@qsém;el y the sanme tnernDUynamaoﬂand aerjodynam c
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wei ght of the stfé‘ifl“e'l‘}é@re and after exposing it to th®Heated dscillatory
flow, for a cont mhbaqmrenme@@nﬁ@t.ad GfambeMne T esi[deNce Liggerl S neasured by

two photo eyes dr *h[. fwd 'bn t-hePRat FeEsen el -
reference. The d&SPYTE @?ﬁ" eJPsid SPMRYIBECHE P he  lexpebPrEnl 2% esildence ti me
is about 5% A iargdt@rof Dischapk Outird D)di nensi ons ef ght (B3Sineiches by ei ght

(8) inches. Thqi&hi @meam@z\ls Supported by a (7-S5X7. 9 domenes supporting
pl at e di sposed’ len-top—of—eit a—m-ca—or—se+ e%—sugger—?—‘tbe—ejli re
assenbly is fast«ﬁ?@ﬂz&g a holder on the motorized sled?3d instrlunent ed

for tenperature |Rais@Denents. Ther m)coupl es, rmlunt ed #0--63p and jpottom of

the sheet, are SammEGwRor 6a0H DERIIY SHE8S PCT SS9 ﬁggﬁmzmﬁﬁlﬁzfchannel by
a digital data-qcquisition systemthat is triggered as the sanpl e
TResndence Time (0.087 -- 0.257) Sec.

D—

—|

Experiments have been conducted in accordance with an article "An
Apparatus For Evaluation Of Web-Heating Technologies -- Development,
Capabilities, Preliminary Results, and Potential Uses" by Timothy Patterson, et
al, published in TAPPI JOURNAL, VOL. 79: NO. 3, March 1996. Essentially, a
single sheet is propelled at typical industrial paper machine speeds under a
heated oscillatory field of the flow-reversing gas, as described herein. This
exposes the sheet to approximately the same thermodynamic and aerodynamic
conditions that the web would experience in an industrial papermaking process.
Water-removal rates are measured based on a difference in the weight of the
sheet before and after exposing it to the heated oscillatory flow, for a controlled
residence time. The residence time is measured by two photo eyes on the sled,
as described in the Patterson et al. reference. The coefficient of variation of the
experimental residence time is about 5%.

A wet sheet sample has dimensions eight (8) inches by eight (8) inches.
The sheet sample is supported by a 7.5x7.5 inches supporting plate disposed
on top of either a mica or screen support. The entire assembly is fastened to a
holder on the motorized sled and instrumented for temperature measurements.

Thermocouples, mounted on top and bottom of the sheet, are sampled at 1000



hol der enters a drying zone (i. e., a zone in which the sanple is subjected
to water renmpval according to the present invention). The acoustic
pressure P and the frequency F are nmeasured by an acoustic pressure probe,
using a Kistler Instrument Conpany Mbdel 5004 Dual Mde Anplifier and
Tektroni x Moweloodm8A oscill oscope. The acoustic pressure PCTASEEst o

cal cul ate the cyclical velocity Vc, as VggPGc/dtC, where Gc is the
gravitational constant, dt is the gas density, and Cis the speed of sound,
all evaluated at the tenperature at the exit fromthe discharge outlets.

The mean vel d&d/ehanpel by @adigital-data-acagisitionsysiess thatds digasiesh es dhe samplee
fuel by th . ' eSS . A 2l
conbusti on. TGS SHELE Wing 3580 13 SFEIFRNIE ISR Ehtoted fo

feet per houryatar emavabdcdondioglto tHeapresemtdnveritiah).mass fl ow of the conbustion

ducts. Th |l ocity Vis t ted by_dividing the mass flo
bt *Conbust i on prodlier BStRyC Estyss B Bad Ahg agtEney. By erendensured: B Sha

correcting fqiconxtid ?&e%kuﬁe%msé,a&ériﬁ a Kisth&d \hsehmésteCompanhyiRddel 5604 DSt or
20 ranged from about 165 to_about 180 SCFH (Standard Cubi c Feet per Hour).

The acoust i c Meds Ampdfier and TeldranieModebA®if opeliosaenfb eihe1acqustio pressure
exper i Tent s g BeeNoTRASHIEhd BudiEaCIARI e, LA ReohnbRABC SOUA ©)

dB. TABLE 2 summari zes resu sever tests conduct I n accordance
wi th the pregratitationehcorstantTde isifheagad dendity, lamsl ChHe tigaspded tof isbund,najl

system 30 co i sin he tra oi dal bl ow box 36 schenatically shown in
FI>IG 14 and Pg}égll@?é%ght%ﬁZ?@Pﬁ aﬁé@lﬁg?‘?er%t %V‘Emé’é‘?/é'sﬁ'é?ﬁgﬁ Iets- bo%/tom plate 37
has di mensions 1Zxbanbae hEcitya0ds ChlcGIsRPRomithd nfedsUfdd cHdnpRBRIOF 8Rd 144

di scharge outlets 39 distributeed therein in a non-random staggered-array
pattern, eaclfueihy the Biseheambygston @ssumingtrsr exsess air/ and erhpleteheorabustionr ge

o r over o ri el {08 PORYSGS, BBRLAR 16 Richiaald SRb R by toes 0y Ry 957
The angl es A.usedrtgeéald’:matm 198 tdeymesss flaw of itiee cumbastiorB Prantiicesc eMhe tedhe

o P S0l B s o AR P 51
has been desikype crows-scatibhalGste Bf HECANSIPE &R d ot clifefdr @R [éth&mperature.
| . The fuel used in the pulse combustor 20 ranged from about 165 to about 180 =
SCFH.(Standard Cubic Feet per Hour). The acoustic pressure P inside the
combustion chamber 13 in all experiments has been measured to reach about
175 RMS (Root Mean Square) dB.
- TABLE 2 summarizes results of several tests conducted in accordance
with the present invention. The apparatus 10 has the gas-distributing system 30
comprising the trapezoidal blow box 36 schematically shown in FIG. 14 and
described herein above. The concave perforated bottom plate 37 has
dimensions 12x12 inches, and thickness of 1/8 inch, and comprised 144
discharge outlets 39 distributed therein in a non-random staggered-array
pattern, each outlet 39 having the diameter D of 1/4 inch. The discharge outlets
provide the angled application of the streams of the oscillatory flow-reversing
gas, by virtue of the convex shape of the bottom plate 37. The angles A range
from 90 degrees (of the outlets 39 adjacent to the central axis of the blow box

36) to 42 degrees (of the peripheral outlets 39). The impingement d_istance z



of the present invention. The web support designated in TABLE 2 as "pl ate"
(colunn 3) conprises a solid mca plate supporting the wet sanpl e sHeet.
The "screen" is a 20-nmesh screen (having 0.0328-inch clear opening)
according to_ Tyler Standard Screen Scal e. Startlng fiber conS|stency

(col um 5) aNf8'yYEH wei ght (col um 6) are neasured usi ngt§ 1

standard nmet hods. "Starting" fiber ggnsistency neans the fiber consistency
measured just before the water- renoval tests are conducted according to

t he present i nvention. The cyclical velocity Vc (colum 7) and the nean
vel ocity mlgwlﬂrhasayeqr@emmmmucorap@teddm @gcerdantewith doe tracBINGST evi ousl y

ther mocodlitd® RrOHE TARNYOR G WEP sibenh usdRatH ), TXaRE 23k BB T e
(col um i6gluins 3v&aﬁmprisésaaSsdlﬂaﬂirciat;ﬁaiem:ppomngab@wet séaiplessheent Thar e made

for handling | o0sse A control test is n for er
condi t i onlscraﬂ‘ h'5@§8gﬁ?$] SEERY (Paving :Omzﬁdaﬁtéﬁear tOBeB'é‘PEIaﬁﬁlxﬂ 'ngaS?perl nent al

wat er | oSS StHRdArd S&GEBH @cbféﬂd|Sté‘rﬁn?fﬁ§epb@@§étbhé}9(dohﬁnr$ Srﬁhﬂ basis t he
notorized sled. Water-renpval rates (columm 11) are cal cul ated by

subt r act iWRigRtHEokmM Pbiare mﬁ%ﬁj’hvs'%a@@}é"ﬁr%ﬁﬁ‘qq{g rastheds- neﬁf%'“g/\el ght
change, g cBHﬁEﬁeﬁb)Y 'n'gédﬁg tﬁé‘?ibé?éb'p nsth{ p;ﬁr Hﬁa&é‘@f@d% D& {HRevatea! dence

time, as one the art ecl ate. e coefficient of
vari at i onembvalhtestsxarer mrmmt:t;ld amdaegdcb tlvmpeesenematlom s Tdisoticlied% For

eaul s SPel Ve geRim 78 AN e meBhiidonry R REASHRLER, 2T "

TABLE 2 Jac2ordiry W!tlhe7pr80&|u195 previdusly durerBed. Baaitémn graBﬁ%l(&olQmI gical Mean
Gas Resi dence \Water- npl e Nunber Web Di st ance Fi ber - ght Velocity

Vel ocity 'Sra}?eswq?ebvmfﬁfmsp@ﬂsemm teerqipsiouple 3t thy Rt fg@@ﬁﬁ% d(sggﬁsgevc V (F)

(sec) ot 86" Hebloch b M) CHLEMID) i (RIS oclobipbabinde 20 21
23400 4900 1852 0.102 39 | at e 2 35 21 23400 4800 1874 0.219 47.4

3 5 platebbve. 45 21 23700 5900 1987 0.109 45.2 4 5 plate 1.2 28 21 28000 J
7100 2004 0. 1%\%jt.§s§m8nts are made for handling losses. A control test is run for each
experimental condition, with no oscillatory flow impingement, to determine
_ experimental water losses due to sample handling and propelling the sample on
the motorized sled. Water-removal rates (column 11) are calculated by
subtracting the control-run weight change from the experimental weight change,
and then dividing the result by the web area and the residence time, as one
skilled in the art will appreciate. The coefficient of variation of the experimental
rates of water-removal is about 15%. For every Example (column 1) several
trials (column 2) are conducted, and the results are averaged, according to

customary methods known in the art.

TABLE 2
1 2 3 4 Web 7 8 9 10 11
Impingement Starting Basis Cyclical Mean Gas Residence Water-
Example | Number Web Distance Fiber- Weight Velocity Velocity | Temp Time Removal
of Trials | Support YA Consistency | (gsm) Ve v (°F) (sec) Rate \
(inch) (%) (min) | (f/mim) (b}
1 8 plate 1.2 28 21 23400 4500 1852 0.102 399
2 6 plate 1.2 35 21 23400 4800 1874 0.219 474
3 5 plate 1.2 45 2l 23700 5900 1987 0.109 452
4 5 plate 1.2 28 21 28000 7100 2004 0.125 63.0




WD 00/ 01883 PCT/ U899/ 14718 55 5 6 plate 1.6 28 205 28000 7200 2002 0.132
50.3 6 5 plate 1.2 28 21 25800 6700 1977 0.127 51.3 7 7 screen 1.2 28 21
23600 5500 1964 0.123 63.1 8 6 screen 1.2 28 21 23600 5800 1938 0.257 50.9
9 4 screen 1.2 35 21 23600 5800 1945 0.124 70.8 10 3 screen 1.2 45 21
23500 5500 199HUB188}7 71 0 TABLE 3 (arranged similarly to TAEPE*2"&nouns
data pertaining to the gas-distribuggng system 30 conprising the bl ow box
36 having the convex bottomplate 37, schematically shown in FIG 12. As
TABLE 2 and TABLE show the dewatering rates (colums 11) achieved with
the bl o} béx B6 *hayji Atr |t hel*conlex?bot | ofti pll 2% 37 "#P e| PNl fH'Eant 1Y h| gher
t han thdsefachi eved w4t h t he b] owthox| 38 hiavP¥y |t k&0 pl dFar| ¥t ampt af e
37, ever] though 1 he wesi|dente t] ne28 re| evant 28sp thesopl anes - botitom BP-bwl box
36 is ggneral |y &qgraates |t hare thpt rel ejamt | t2850a He sonyees bjot %26/m [blsew pox
36. For |[exanp| e «<orpatks jon of ERanp € P min.| zZeABLE s®o W tibss Exanrpl €s 88 aphd 11
I N TABLE 31w0ShPWS T ljadrea 1€ O12yi Ny [ &L € | Nz1 [ABIsk 31530 apaees [ WiGe [asid jh as
that in 2, everr thoogh—th TP TgEMENt _diStance Z and the resradence
time appear to benefit the dewatering rate in .TABLE 2, while the gas

t enperat ure aﬁ'mBlJEesr(aaang@d simitayly\fo BXBIRI2) tshows rdzta petthimirdetoather i ng r at es

I n TABLE 3. dﬁ E sur risingly,. .the gaaer web sanpl es C,T?oed/ dewat er ed
under t hQ3STHHTPHIEIE sg 6 30n cqrRRliEng thg iowaRPX ¥ HWiRGd e C@YRence of
scor chi “%o%nfital%fé)b?f %Hé?rﬁbtucjém 3hd®a in WGXHQCtA?Q TAB&N2 (i@ TABIE enperature

of the oscilla | npi ngenent” gas used 1 n the present invention and prior
art's |i rshowt l@de\metlhg raﬂesdg@hmsmmlayhunge@mh tbe ddnwy bbk 86 havjriangenent

9 10, 11 . | npi "
Basi s Oy ahs ihanadlEr L af als S iapdi niERAn RS ReTher o W Bhce B ber-
Viei ght  Veliewiboy 3eehavind the s Qiﬁ?ar bdtiten Fafyal evain thbugh theStasRiphte finfeonsi st ency

(gsm Vc V (F) (see) Rate (inch) (% %11/mn) (fI/mn? (1b/1tr ft
relevant to the planar-bottom blow box 36 is generally greater than that relevant

to the convex-bottom blow box 36. For example comparison of Example 2 in.
TABLE 2 with 'Examples 8 and 11 in TABLE 3 shows that the drying rate in
TABLE 3 is about twice as high as that in TABLE 2, even though the
impingement distance Z and the residence time appear to benefit the
dewatering rate in TABLE 2, while the gas temperature and the mean velocity V
appeaf to benefit the dewatering rates in TABLE 3. Rather surprisingly, the
paper web samples dried/dewatered under the conditions shown in TABLE 2
and TABLE 3 showed no evidence of scorching or discoloration. This was
unexpected given the high temperature of the oscillatory impingement gas used
in the present invention and prior art's limitations on the through-air drylng and

steady-flow lmplngement gas temperature.

TABLE 3
1 2 3 4 Web 7 8 9 10 11
Impingement Starting Basis Cyclical Mean Gas Residence Water-
Example | Number Web Distance Fiber- Weight Velocity Velocity | Temp. Time Removal
of Tnals | Support Z 1 Consistency (gsm) Ve \Y °F) (sec) Rate
(inch) (%) (fUmin) (f/min) (Ib/mr ft%)
1 7 platc 1.0 28 2] 23600 7000 1977 0.090 96.8
2 6 plate 1.0 28 21 23600 7200 1949 0.087 88.5
3 7 plate 13 28 21 23600 7200 1933 . 0.089 81.9
4 7 plate 1.0 28 45 23700 7400 1984 0.097 113.7




17 plate
7200 1949
plate 1.0
55 plate
7200 1987
plate 1.3
7400 2011
7 plate_1

1.0 28 21 23600 7000 1977 0.090 96.8 2 6 plate 1.0 28 21 23600
0.087 88.5 3 7 plate 1.3 28 21 23600 7200 1933 0.089 81.9 4 7
28 45 23700 7400 1984 0.097 113.7 WD 00/ 01883 PCT/ US99/ 14718 56
1.3 35 45 23700 690U 2016 0.098 104.5 6 6 plate 1.0 35 21 23700
0.3PAEB > 7 6 plate 1.0 35 21 23700 7200 1988FFIY4tH. 9 8 7
35 21 23600 7200 1955 0.0%g 102.0 9 5 screen 1.0 35 21 23700
0.091 126.0 10 5 plate 1.0 35 21 23800 7500 2037 0.093 127.3 11
3 35 21 23600 6900 1954 0.099 98.8 12 5 scant 1.0 35 21 23600

7600 19
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Each outl et 39 has the di ameter

0. 375 i nches. FéotdmpdrsohaTABLEES hodgdebtits bNiHev edbtrimdritdednaicedii r - cool ed

to

reduce the tenperature of the

gas at exit fromthe discharge outlets

39. Furt HEP9 thetapnasatys 1Q1§°EBPﬂéﬁ”9n§§ﬁt ges-disgiuting ssyatean (30, BAViNE T ABLE 4.

TABLE 4 G
Tai | pi pe a

e A A A s T TR

Conmbust i baviGh émb dischahge dutigfl 39t Trﬁsem)eymur(tﬁt)e£ﬁrel-lzqually divided into

two pluralities of the discharge outlets 39 to define two separate consecutive

impingement areas, each having dimensions 5x12 inches.

Each of the

pluralities of the discharge outiets 39 comprises a non-random staggered array.

Three exhaust regions alternate with the impingement areas. The total area of

the exhaust regions is 14x12 inches.
0.375 inches.

Each outlet 39 has the diameter D of

Both the tailpipe 15 and the individual tubes are air-cooled to

reduce the temperature of the gas at exit from the discharge outlets 39. Further

details of the experimental apparatus are given in TABLE 4.

TABLE 4
Cross Sectional Area of Tailpipe ~0.05 ft°
Combined Length of Tailpipe and Tube (L) 6.19 ft
Volume of Tailpipe (Wt) 0.30 ft°
Volume of Combustion Chamber (Wr) 0.21 ft
Frequency (F) 86 Hz
Temperature inside Combustion Chamber ~2800 °F
Acoustic Pressure Inside Combustion Chamber (165 -174) dB
Diameter of Discharge Outlet (D) 0.375 inch
impingement Area (E) 0.83 ft°
Ratio ZA/E 0.025
Ratio Z/D 27--40




Tenperature. |nside Conbustion Chanber -2800 OF Acoustic Pressure Inside
Combustion Chanber (165 --174) dB Dianeter of Discharge Qutlet (D) 0.375
inch |Inpingenment Area (E) 0.83 ft' Ratio EA/E 0.025 Ratio ZID 2.7-4.0 WO
00/ 01883 PCT/ US99/ 14718 57 Tenperature of Gas at Discharge Qutlets (698 --
1116) F Resi YOO8 ne (0. 161 -- 0.738) Sec. WO 00/ 01883 PEFFYSYMI#718 58
TABLE5 1 2 3 4 Wb 7 8 9 10 11 |Inpj;ngenent Starting Basis Cyclical Mean
Gas Residence Water- Exanpl e Nunber Wb Di stance Fi ber- Wi ght Velocity
Velocity Tenp. Tine Renoval of Trials Support Z Consistence (pm Vc V (F)
(sec) Rate (intampeatye qfiGas @ Rigcharpe Putlets (| b/ hr. fepe-11B) M ate 1.[5 28 21
11000 3200 700[ Reskércedime/ 2 O Prate 1.5 28|21 69g4ei0093886c. 0- 179 26.4 3
5 Plate 1.5 28.21—+7400-2000-892 0176324 14 5 Plate 15282114100 3500
888 0.182 43.7 5 6 Plate 1.5 28 21 14100 4100 1049 0.171 61.4 6 8 Plate
1.0 28 21 15900 4100 1106 0.272 46.6 7 10 Plate 1.0 28 21 15900 3900 1107
0.513 50.6 8 7 Plate 1.0 28 21 15800 4300 1072 0.738 50.4 9 10 Plate 1.0
45 21 15100 4400 1091 0.416 58.8 10 6 Plate 1.0 28 42 15100 4600 1100
0.161 81.8 11 7 Plate 1.0 28 21 15100 4400 1090 0.346 69.4 12 7 Screen
1.0 28 21 15100 4500 1091 0.164 100.6 13 6 Screen 1.0 28 21 15200 4300
1117 0.530 75.8 14 8 Plate 1.0 28 21 15900 4100 1106 0.503 46.6




15 6 Plate 1.0 28 21 15200 4100 1113 0.207 63.6 16 6 Plate 1.0 28 21 15200
3900 1116 0.341 65.3 17 8 Plate 1.0 28 21 15900 4100 1106 0.272 46.'6 As
has been expl ai ned above, it is believed that the oscillatory flow
reversing gases are inpinged upon the web 60 on the positive cycles and

pul led awnay"PPO¥M8¥he web 60 on the negative cycles therebe’Ef‘é%PS'/‘Vﬁ’b avay
nmoi sture contained in the web 60. Tdge noisture pulled away fromthe web 60
typically accunulates in the boundary | ayer adjacent to the surface of the
web 60. Therefore, it may be desirable to reduce, or even prevent,

buil d-up of humidity in the boundABLE &yer and the area adjacent thereto.
Ihn accorrd-a-ﬁg;-fefwzth t-he E;c‘,a;:nt v EROTS ;.L;::r Efc{cy tg:‘.ﬁ apReratus 1t may
ave an feth-Hi-a-y—e e -40—t- o — e HBVH-RE—PESH-8— L 0M-LR AP Rge B
regi on i mekudi mget hewboliNBaty || a56r a%t Rt C A MO O Bge T N eamon
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r-ammrdle.o o It ooy S b -V a At + Ay Lnagt ane h 4 N VE. VYU
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tend of f PRt A atea 01883
PCT/ Uso$t1az4s 5ol s abent” 1 olt hé i mpi Agehent {egiod Lo o A ey
41, theleby. Irn\(;i dina: Fluid commihi cht 2lon ther ahg?o\mcp"l h&'"br bcéds f the
present |inYenti dn hatehe udtd in Ahohi nAti hd®W h*'%app!'?’c t PBh bt
ul trasomic’ ederfy. | THE hppl'? cati od® of |t Ale ul'P¥asoiit’c [eH¥r gy®i's | dé¥cr| bed
in a coqmohl \- adsj grfé bat &ht appPt cati dn [Se#’al R, [0877065°855] %4 1 d on
04123/ 98, 1n |t h¥® nants bf T okhan *and| SEnapat'?’, [wh'cH B%ipli 84t i bn s
i ncor pofat’@d {by 6r ef efente hereiln. 200 P0A0188BPLTHWSYON'PAT186! 6D *Mhal is

to ) vy
sl ots 43—Apy—ex
8

clainmed|is?! I, A protess fof renovt ng|wat ef fivoom &0of i[brous web, | wialsch
process|coaprfi sés |tster ol how Mg St eps: 21(a) rproyi drong woif [ br.ous| webs hpvi ng
a noi st greascgnt ent | b&em| about 10%e{ 0 2 15200 4300 1117 0.530 75.8

14 8 Plate 1.0 23 2) 15900 4100 1106 0.503 46.6

15 6 Plate 1.0 28 2] 15200 4100 1113 0.207 63.6

16 6 Plate 1.0 28 2] 15200 3900 1116 0.341 65.3

17 8 Plate 1.0 28 21 15900 4100 1106 0.272 46.6

As has been explained above, it is believed that the oscillatory flow-
reversing gases are impinged upon the web 60 on the positive cycles and pulled
away from the web 60 on the negative cycles thereby carrying away moisture
contained in the web 60. The moisture pulled away from the web 60 typically
accumulates in the boundary layer adjacent to the surface of the web 60.
Therefore, it may be desirable to reduce, or even prevent, build-up of humidity
in the boundary layer and the area adjacent thereto. In accordance with the
present invention, therefore, the apparatus 10 may have an auxiliary means 40
for removing moisture from the impingement region including the boundary
layer, and an area surrounding the impingement region. In FIG. 1, such
auxiliary means 40 shown as comprising slots 42 in fluid communication with an
outside area having the atmospheric pressure. Alternatively or additionally, the
auxiliary means 40 may comprise a vacuum source 41. In the latter instance,

the vacuum slots 42 may extend from the impingement region and/or an area



about 90% (b) providing an oscillatory flowreversing gas having a
predeterm ned  frequency; (c) providing a gas-distributing system desi gned
to deliver the oscillatory flowreversing gas onto a predeternined portion
of the web defining an inpingenment area of the web, the gas-distributing
system conpwWP9p/Mgsa plurality of discharge outlets prefer&6TYSWI4T18] but ed
in a non-random and staggered array; angg(d) inpinging the oscillatory
flowreversing gas onto the web through the plurality of discharge
outlets, such that each of the plurality of the discharge outlets emts a
stream of t headiagent t%v@rlmmngﬁm%mm #gthei YasuHBESREe ¢4 stheselneroviding
oscillating es and negative cycles at a frequency
preferably fﬁgﬁdjg Oﬁyﬂcgﬂﬁéhﬁé(;&!a t%ét&l'ﬁoo Hz, a tenperature preferably from
about 500F to abodhe23ooess ahtheapreseht iraentian centhe psed @r ebimpirfatiom vabiout

1000 ft/mn t t OOOfI/mn o] ositive
anpl i tude. andPPIERRLST FYESonl Py, e SepliaBr i etpiBtble et an
the positive da&ptbed islea commonychdsigriedvpatent ppkatiphi Serdk) Mo.pPOSE6665,

vel ocity di re@%g [ ﬁOSI{qeve direction towards the web duri ng t he

posi tive cyclf M%( veames gt iriakhan ang: Benanatia WLeRRISAHPR &kt i on
opposite to jhbfperRted by fefdidn@éhefdinduri ng the negative cycles, the
positive veIociFy being greater than the negative velocity, wherein the
oscillatory flowreversing gas at |east partially penetrates the WO

00/ 01883 PCT/ US99/ 14718 61 web during the positive cycles and pulls the
water fromthe web and an area adjacent thereto during the negative

cycles, thereby renoving noisture fromthe web. 2. The process accordi ng
to Caim1, wherein the oscillatory flowreversing



gas is inpinged onto the web such as to provide a substantially even
distribution of the oscillatory flowreversing gas throughout the

i npi ngenent area of the web. 3. The process according to Claim1, wherein
the oscillatory flowreversing gas is inpinged onto the web such as to
provi de an W@0®18s83i stri bution of the oscillatory flow r eRESWHas

t hroughout the inpingenent area of the egeb, thereby allow ng control of
noi sture profiles of the web. 4. The process according to Clainms 1, 2, and
3, wherein t ositjve direction of at |east sonme of the streans of the
i mpi ngenent heainedist ace of the i npi ngenent area of the web form
acute angles therebetween. 5. A process for renoving water froma fibrous
web, which process conprises the follow ng steps: (a) providing a fibrous
web havi ng alnoiApiacess fitremeving gvateifem alfiypuswebbwhich Poocesacoswpises t ed by

a web support hagyl . ppne direction and a cross-nmachine direction
per pendi cul ar tgﬁ%%lo%ﬁlﬁgég direction, the web support further having a

web- cont acti ng sua) powiding adibraiseeinahinghee moistire onvett froint aboltaldés itsle
surface opposite to tﬁwb-cont acting surface; (b) providing a neans for
novi ng the web suppﬁP?” f'ng the web thereon in the machine direction;

(c) providing a pu)provIeng ot B5ciftREYINGWLr& R riihg dyuse naiflg i $réddi&fnined
oscillatory flowreversing gas having a. frequency fromabout 15 Hz to
about 1500 Hz; WO OffP@UMY: PCT/ US99/ 14718 62 (d) providing a

gas-distributing Rihd o4l Uf(])ftg L I j : rator
and term nating vm('%%lﬁhg’mﬁ?%ra a élétﬁs@p |I %ﬁg‘%ﬁdgﬁgmn%tté%h\é%ghégofs g@ﬁgb
di scharge outl ets hHewngversingqsasverterd poidetarmareddpantidn aaf thepeab deferandg hr ough

v o e o%cl ) Lot oGK, ERNGARNR! %R LThRIGRR 9% kS S8y
di sposi ng the web suopmpprisingavplogalithef webhirger®aletsiprefierabidéibteibaiedeifl a
non-random and staggered array; and
(d) impinging the oscillatory flow-reversing gas onto the web through the
plurality of discharge outlets, such that each of the piurality of the
discharge outlets emits a stream of the oscillatory flow-reversing
impingement gas having
oscillating sequence of positive cycles and negative cycles at a
frequency preferably from about 15 Hz to about 1500 Hz,
a temperature preferably from about 500°F to about 2500°F, and
a cyclical velocity preferably from about 1000 ft/min to about
50000 ft/min,
the positive cycles having a positive amplitude and the negative
cycles having a negative amplitude less than the positive
amplitude,
the cyclical velocity comprising a positive velocity directed in a
positive direction towards the web during the positive cycles,
and a negative velocity directed in a negative direction opposite
to the positive direction during the negative cycles, the positive
velocity being greater than the negative velocity, wherein the

oscillatory flow-reversing gas at least partially penetrates the



i npi ngenent distance Z fromthe plurality of the discharge outlets,

t hereby defini'ng an i npi ngenent region between the discharge outlets and
the web support, a pattern of the discharge outlets further defining an

i npi ngenent area of the web, corresponding thereto, the resulting open
area of the wbueg@bdsty of the discharge outlets conprising péroseabmaet 0.5%
to about 20% of the inpingenment area, arngh a ratio Z/D conprising from1l to
10; (f) noving the web support having the web thereon in the nachi ne
direction at a velocity from 100 feet per mnute to 10,000 feet per

m nute; and (g) operati mgeh tdeingihegagdiverayties amddpulisphegiater frdre ts eiebl at or y

flow reversing gas thr h_the di schar utlets ontq,the b, thereby
renovi ng the noisture t%g%eépo%e%.adﬁ%%grtﬁer&% é‘ér&?r 3P‘ﬁgn?¥?\ﬁ@a%‘§g§'
wherein in the step (a) thérebypeémeving aidistueom@hitsewen. f | ui d- per meabl e

endl ess belt or band, and preferably the web support conprises a franmework
and a plurality of fluid-perneable conduits extending between the

web- contacti pg StHd prsteds thebbRiMptk Bisln §Uwvhaf te oFf\gatCB@ﬁflé\H-‘?Q@érEmgt he

framework preferably further conprising a substantia t1nuous
structure encon®@@ssisngnpingeglantaithe webf seadnasi tospeavitief ar substardially even

web support. o BoT BHEE B Mot B8R ERERER B dhellhod el |
Cl ai m 5, wher ei nmpingererd bega ¢fthewsd. web support conprises a surface of a

drying cylinder. 8. The process according to Clainms 5, 6, and 7, further
conprising a step of providing an auxiliary neans for renoving the

moi sture frog) tiRe droBad308ERIGING ABI @I&irhei,Vﬁ%}eﬁhﬁwedb%ﬁ%@eﬂ&}&&é\%éing“d t he
web support, the auxili ar% means preferably conprising a’vacuum soufce and
]

at |least one vaeﬁiﬁﬂmime ﬂférib?rvgabf sunh ahbo pevideras cueven distrithdion of
I pingerment 1 e iMRER Mot RErdhd Yad thtdtighobP I MhSiRELREN LeLefahyeen.

web, thereby allowing control of moisture profiles of the web. '

4. The process according to Claims 1, 2, and 3, wherein the positive direction
of at least some of the streams of the impingement gas and a surface 6f

the impingement area of the web form acute angles therebetween.

5 A proéess' for removing water from a fibrous web, which process comprises
the following steps:

(a) providing a fibrous web having a moisture content from about 10% to
about 90% and supported by a web support having a machine
direction and a cross-machine direction perpendicular to the machine
direction, the web support further having a web-contacting surface
associated with the fibrous web and a backside surface opposite to
the web-contacting surface; -

(b) providing a means for moving the web support having the web

- thereon in the machine direction;

(c) providing a pulse generator designed to produce and discharge
oscillatory flow-reversing gas having a frequency from about 15 Hz to
about 1500 Hz;



9. The process according to Clainms 5 6, 7, and 8, further conprising the
steps of providing a nmeans for generating a non-oscillatory and ’
substantially steady-fl ow i npi ngenment gas and i npinging the non
oscillatory gas onto the web, wherein in the step (e) the oscillatory flow
reversi ng gaeo ewdsadhe non-oscillatory gas are preferably iRgVYR¥EHBnhto t he
web sequentially. 10. The process accor@éz2ng to Clains 5, 6, 7, 8, and 9,
further conprising steps of providing a vacuum apparat us, juxtaposing the

vacuum appar at usc(mth .t.he backside surface of the web support, and
operating the va H{°V&{5’b%@a96§‘9'sﬁrm'é‘5ysﬁséer%\}? A gemmyrigaios vity e he web

through the fluid- paBERAeRatYEENS WRMAtinglith & MBLRTy FEIRYAIIGe ARPRIAL US

for a papermaki ng process, the apparatus ~having a nachine difection and a
cross-machi ne di r ecEpehobldesiisaiacas eutlaty having anesivivaterd idiaraeteo P, anden

apparatus conpri sing; . I r i i-hr

thereon and to carrgp?ﬁg\a@%)f%?g@gw&%ﬁﬁ%ﬁ%”%@%’hﬁ%@%‘%@@%i'%HW&01883
PCT/ US99/ 14718 64 gas ligatischanged) uheepigetigr af dhe ditschegingsl dutietsr bdving and

di scharge oscill at gr tf | ow-reversing air or gas having a predeterm ned
frequency in ther %%’é'nﬁoﬂepoq?iﬁ Hz to 1500 Hz; and at |east one

gas- di stri buti ng (eysispasing thé wed sQFﬁﬂSﬂJﬁhﬁa%] treewiah tiherb 8@ abh prédéimineg pul se
generator for deIiveri,ngethe oscillatory flowreversing air or gas to a

predet ermi ned porti BRPIB9STHY diglance e fighs e SluralBuiafige djehasae @iifisnat i ng
with a plurality of ygrs ade@sﬁir@uténeﬁﬁphaé@mlegggs&ifow bBtwdele e liscHpgst such

that the web support and the di'scharge oOu orm an I npi nhgenent " r egi on
t her ebet ween def i ne@ultsts andithe Wegervpport, aipsttennce the disshatgeyouststsfurheom

L 25 e, B S Bren b Parl e i ol IRLE, o
the web correspondi rgsultingespencareatot thes pluesiohofthe tdisehptger altlety carhpitidieg
di schar ge out| ets hag o C QAL oL BIELP e birian el Znd 1QHS
Z/D comprising from 1 to 10;
(f) moving the web support having the web thereon in the machine
direction at a velocity from 100 feet per minute to 10,000 feet per
minute; and
(g) operating the pulse generator and impinging the oscillatory flow-
reversing gas through the discharge outlets onto the web, thereby

removing the moisture therefrom.

6. The process according to Claim 5, wherein in the step (a) the web support
comprises a fluid-permeable endless belt or band, and preferably the web
support comprises a framework and a plurality of fluid-permeable conduits
extending between the web-contacting surface and the backside surface of
the web support,

the framework preferably further comprising a substantially continuous
structure encompassing the plurality of conduits and forming a
substantially continuous network forming the web-contacting surface

of the web support.



oscillatory inpingement gas is emtted, a ratio of the inpingenent

di stance’ to the equival ent dianeter conprising preferably froml to 10,
wherein the plurality of the discharge outlets of the gas-distributing
system has a resulting open area forned by the individual open areas of
t he di schar geooweisgx s t oget her, the resulting open area pr@eUaINNyY718
conprising fromabout 0.5%to about 20%g3 the inpingenent area of the
web. 12. The apparatus according to Claim1l, further conprising a neans
for controlling the inpingenent distance. 13. The apparatus according to
Clainms 11 and 12, wherein the pattern of the plurality of the discharge

ven di stri bt | oY OrRes aeanande Blafrs. fiin binE Rl (7 s BBRBRAT L,

one of the nmachicoenpdisesatsuniaceéiatdngng c@irgier.machi ne direction throughout
t he i npi ngenent area of the web. WO 00/01883 PCTI US99/ 14718 65 14. The
apparatus according to Clains 11, 12, and 13, wherein the at |east one

pul se gener agor Whé%a@cdwlhgﬁlo@msoé é}féﬂ?r@hhegc&ﬁﬁhé h§=0&t¥ of
fl owreversing gas having frec?uenc of from about 75 t o about %

and wherei n eaclPreYidinge ap| uxi By mﬂammefom ERIhRNING: tmt |reoistuseri froma tber eam

of the oscill at I v ing the
di scharge outl et@bmgfeb%ﬁhpe ?ur e rom a E’ﬁ%@glﬂ%tms gtth%g@r# 4
cyclical vel oci tthe faumlraejbmeansQméfefab(lymnmpnsuabwwa&ﬁl@ﬁ&ohtdermm a15easThe
appar atus accor 13, and 14, wherein the at |east one

pul se gener at or doé‘g?%%ué’& ,é’llu ﬁ"ﬂﬂﬂ"&%m’@ thevyavugh seyreei tRghs SEPIasmsny

fl owreversing aeguohawerebybrmﬁggmdd@éﬁuﬁ\bﬁiébué&tﬂézeséiweé@ut 100 Hz. 16.
The apparatus according to Clains 11, 12, 13, 14, and 15, wherein the web

support conprises a surface of a dry| ng cylinder. 17. The apparatus

according togd aiHgsp %@esQ%cc&r%hneglfJo Claims 28196 19, ?hb'rif hfﬁﬁherc%mé}iéhg%gn-

auxi liary neans for renoving t nmoi st ure 'f rom i mpl ngenent
fornmed between tﬂ@sdlefcrmogdmgutd ghearendfot hgemerhting a non-oscillatory and

substantially steady-flow impingement gas and impinging the non-
oscillatory gas onto the web, wherein in the step (e) the oscillatory flow-
reversing gas and the non-oscillatory gas are preferably impinged onto the*

web sequentially.

10. The process according to Claims 5, 6, 7, 8, and 9, further comprising steps
of providing a vacuum apparatus, juxtaposing the vacuum apparatus wifh
the backside surface of the web support, and operating the vacuum
apparatus, thereby removing the moisture from the web through the fluid-
permeable web support. '

11. A water-removing apparatus for a papermaking process, the apparatus
having a machine direction and a cross-machine direction perpendicular to
the machine direction, the apparatus comprising:

a web support designed to receive a fibrous web thereon and to carry the

fibrous web in the machine direction:



support, the auxiliary neans preferably conprising a vacuum source and at

| east one vacuum sl ot extending fromthe vacuum source to the " inpirigement
region, thereby providing a fluid comruni cati on between the i npingenent
region and the vacuum source. 18. The apparatus according to Clainms 11, 12,
13, 14, 15, weoomsss 17, further conprising a nmeans for geR@edp/ivjlaand

i npinging onto the web a non- oscillatogy and substantially steady-flow
gas, wherein the oscillatory flow reversing gas flow and the
non-oscillatory and substantially steady-flow gas flow are inpinged onto
the web preferabld Kasgting AUlse igengratory desiangdi t) Rredece a0 ClisaEEBS

PCT/ USS9) 14715 66 olyaThe1aRRgraiki, 60644 Al s Ghebortog Houbdey 14

15, 16, 17, and 18, urt g a vacuu paratus juxtaposed with
t he backside surf dtthegangeef ket Kudpto 150@Hzrantbvi ng t he noisture fromthe

web through the fluLd- . S t. 0, A water-renoyi

apparatus for a pééplg?%a I ngE %—?iésgréﬁé@%ﬂgh%F% "31 fﬁé%ﬁ?ﬁ'&"“”ﬁﬁ%"(ézﬁt‘?"ﬁhﬂ%]a‘ a
cross-machi ne di r ed¢asbroneepyissn dienedatar fop delerimgcthiensscilBitdrg Floworbvetsirgg
apparat us conpri si ”‘ﬂ-: a fl g)l d;él)'er qeab_l e web. sugport desi gned to receive a
fibrous web thereo@' YndB% 19 8HPYCIEHRINGR POrtiPn fletheavel. b asedislriBriing, pul se

gener at or desi gned sy iefflafhitatng $th!d ghpélilfy84Giséﬂareé‘%uh,@l%rj@):thposelaavViiH“9
frequency fromabout 15 Hz to about 250 HzZ; and a Qgas-distributing system

in fluid comuni cath®WweRi supperesushitbat thereetasepport and thedisghangei autetsg

systemterm nating sy ] I i X J W th
the web support forfngaPP\%@méthgk E%r} ﬁeg{éﬂ/g% F%#@%PQ?@B@?&% gas
onto the web di spogsisiange preteraelp beingfoorh aboth@ 2Getcres i @abbut® 00 timehes,

di scharge outlets f i.na.an _Lnpingenent distance Z therebetyeen,. the
plurality of the di@%ﬂaa{?%gg'oﬁk qu?s ISEAHAE | At 5;$a°°mpéﬁglgeﬂﬁpﬁ%%$?{51'?ee$n
defining an inpi ngeaesin alefiningl ant MepingeMERT BRSEP WTdiHRY Widte cBkrespdriting

plurality of the discharge outlets providing a substantial |t¥ uni form
oscillatory field élyerp}oowheég@r%qcﬁgofgtgg plurality of the discharge ouflets has an

equivalent diameter and an open area through which a stream of
oscillatory impingement gas is emitted, a ratio of the impingement
distance to the equivalent diameter comprising preferably from 1 to 10,
wherein the plurality of the discharge outlets of the gas-distributing
system has a resulting open area formed by the individual open areas
of the discharge outlets together, the resulting open area preferably
comprising from about 0.5% to about 20% of the impingement area of

the web.

12. The apparatus according to Claim 11, further comprising a means for

controlling the impingement distance.

13. The apparatus according to Claims 11 and 12, wherein the pattern of the
plurality of the discharge outlets comprises a non-random array designed
to provide a substantially even distribution of the temperature of the
impingement gases in at least one of the machine direction and the cross-

machine direction throughout the impingement area of the web.



bet ween t he i npi ngenent area and the di scharge outlets; a neans for
generati hg a non-oscillatory and substantially steady-flow gas and
i mpi ngi ng the non-oscillatory gas onto the inpingenment area of the web.

WO 00/01883 PCT/US99/14718
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14. The apparatus according to Claims 11, 12, and 13, wherein the at least
one pulse generator comprises a pulse combustor generating oscillatory
flow-reversing gas having frequency of from about 75 Hz to about 250 Hz
and wherein each of the plurality of the discharge outlets emits a stream of
the oscillatory flow-reversing gas pfeferably having, when exiting the
discharge outlets, |

a temperature from about 500°F to about 2500°F and
a cyclical velocity from about 1000 ft/min to about 50000 ft/min.

15. The apparatus according to Claims 11, 12, 13, and 14, wherein the at least
one pulse generator comprises an infrasonic device generating oscillatory

flow-reversing air having frequency from about 15 Hz to about 100 Hz.

16. The apparatus according to Claims 11, 12, 13, 14, and 15, wherein the web

support comprises a surface of a drying cylinder.

17. The apparatus according to Claims 11, 12, 13, 14, 15, and 16, further
co'mp.rising an - auxiliary means for removing the moisture from the
impingement region formed between the discharge outlets and the web
support, the auxiliary means preferably comprising a vacuum source and at
least one vacuum slot extending from the vacuum source to the
impingement region, thereby providing a fluid 'communication- between the

impingement region and the vacuum source.

18. The apparatus according to Claims 11, 12, 13, 14, 15, 16, and 17, further
comprising a means for generating and impinging onto the web a non-
oscillatory and substantially steady-flow gas, wherein the oscillatory flow-
reversing gas flow and the non-oscillatory and substantially steady-flow
gas flow are impinged onto the web preferably sequentially in an

alternating order.
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19. The apparatus according to Claims 11, 12, 13, 14, 15, 16, 17, and 18,
further comprising a vacuum apparatus juxtaposed with the backside
surface of the web support for removing the moisture from the web through
the fluid-permeable web support.

20. A water-removing apparatus for a papermaking process, having a machine
direction and a cross-machine direction perpendicular to the machine
direction, the apparatus comprising:

a fluid-permeable web support designed to receive a fibrous web thereon
and to carry the web in the machine direction;

a pulse generator designed to generate oscillatory air or gas therein,
having frequency from about 15 Hz to about 250 Hz; and

a gas-distributing system in fluid communication with the pulse generator,
the gas-distributing system terminating with a plurality of discharge
outlets juxtaposed with the web support for delivering the oscillatory
flow-reversing air or gas onto the web disposed on the web support,
the web support and the discharge outlets forming an impingement
distance Z therebetween, the plurality of the discharge outlets
comprising a predetermined pattern defining an impingement area of
the web corresponding thereto, the plurality of the discharge outlets
providing a substantially uniform oscillatory field of flow-reversing gas
between the impingement area and the discharge outiets;

a means for generating a non-oscillatory and substantially steady-flow
gas and impinging the non-oscillatory gas onto the impingement area

of the web.



