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BACKGROUND OF THE INVENTION

1. Field of the Invention

- This invention relates to a hydrofoil support or box for use in

~ a paper making machine of the type wherein hydrofoil blades are positioned

beneath a forming medium and extended in the cross machine direction re--
lative to the forming medium for draining water through the forming me-
@ium from a paper web being formed on the forming medium and for forming
the paper web. This invention also relates to a hydrofoil blade and to
a method using hydrofoil blades for dewatering and forming a paper web.

2. Description of ‘the Pricr Art

In the typical Fourdrinier papermaking nachme, an agueous sus-
pension of fibers, called the "stock" is flowed from a headbox onto a
traveling Fourdrinier wire or medium, generally a woven belt of wire and/
or synthetic material, to form a continuous sheet of paper or paper-like
material. In this connectiomn, the expression "paper or paper-like mate-
rial" is used in a hroad or generic sense and is intended to include such
items as paper, lcr:aft, board, pulp sheets and non-woven sheet-like struc-
tures. As the stocktravelsalozngmther‘ourdrmler wire, formation of
a paper web occurs, asm:chofﬂaewaterconténtofﬂ:estockisre@ed
by draining. Water removal is enhanced by the use of such well-known de-
vices as hydrofoil blades, table rolls and/or suction devices. This in-
vention relates to hydrofoil blades.

The hydrofoil blades used in papermaking perform two functions.
The first function is to create a vacum pulse over the downward inclined
face of the hydrofoil blade. This pulse're:rrovres a portion of the white
water fram the lower side of the stock or three-dimensional fiber sus-

pension which lays upon the forming medium and causes some of the fibers
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to be 1aid down and formed into a web. The amount of such water removal and
web farmation over a given hydrofoil hlade is small, and therefore a
considerable mmber of blades is required to foxrm 2ll of the fibers in
a stock suspension :'ntoatwo@imensimljweb. For example, the use of
tentofi;‘tyrydrofoilblades.isnotmmmm. In other words, the sheet
forming process is a step-by-step filtration process as the forming me-
dium travels over the hydrofoil blades, with same of the fibers in the
lower portion of the suspension over the partially-formed web being
added to the web at each successive foil blade. The average net change
in fiber concentration or consistency of this process ranges fxom the
headbox consistency, whith is usually about 0.4% to about 1%, up to about
2.5%. .

‘I‘hesecondfmctimofarydrofoilbladeistomjntamt}e
fzbersvﬁud:arestﬂlinsuspensionﬂmu:g}mrtﬂ:efomingprocessin
an as-well-as dispersed condition as possible; i.e., in a deflocculated
condition. This function is extremely important as fibers in the 0.5-2.5%
ccnsistenc}rm:gehaveastxuzgtendencytoflocmﬂateintoclmpson,
their own in a matter of milliseconds once the fiber dispersive forces
have decayed. This flocculation causes the final paper to behighly non-
uniform or flocculated in appearance. Gie e

The fzber dispersive :Etmcticn of hydrofoil blades J.S caused
prmarllybythedecayofthedewatenngwmmpulsevﬁﬁm:npartsa“
mamentary upward force or pulse into the stock. This pulse creates
random small scale flows, i.e., turbulence, in the stock above the
.,parr_iaily-fomea web. The greater the angle of the downward inclined
part of the hydrofoil blade, the greater ﬂus deflocculating pulse or
turbalence. The speed of travel of the suspension over the blade is
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~ also a factar in determining the intensity of this pulse. Thus, at high
machine speeds, the size of the hydrofoil blade angle which can be used
is limited lest the vacuum be so large that the pulse created will throw
‘same of the stock upward into the air. This phenamenon known as "stock
jump” can readily damage the uniformity of the sheet:

One aspect of hydrofoil blade dewatering overlocked in the past
is that when the vacuum pulse created by the inclined angle of the hy-
drofoil blade decays back to atmospheric pressure, the decay is scomevhat
of an unstable phenamenon. This is because the hydrofoil blade generally
discharges the vater removed fram the suspension directly into the at-
mosphere. In other words, the decay of the vacuim pulse ocours virtmal-
1y n;nstantanemslj at the point where the gap between forming medium and .
hydmfoilbladebe;:méstoolargetokn.xpportacontintms colum of water.
The location of this pdint is extremely sensitive to all of the forces
and resistances affecting tl';edewater:';.ngprocessasevidencedbythe
highly variable amount of water removed from the suspension across the
width of foil blades. This variability can be readily observed on any
paper making machine. The water removed from the suspension by any one
hydrofoil blade is largely carried along the underside of the forming
medium to the next blade whose leading edge skives the water off the
underside of the forming medium. The amomt of skived water varies very
considerably from point to point across the width of a machine at most
hydrofoil blade positions. | _

The variability of dewatering in the cross machine direction
of the hydrofoil blades is further exacerbated by the slight non—umi-
formity of wear of the high density ultra-high mlecu;llar weight palye-
thylene of which most hydrofoil blades are maie, as well as by the non-
uniform build-up of filrous material on the leading edge of many blades.

-3
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These problems of polyethylene hydrofoil blades have led to the develcp-
ment of a variety of ceramic blades vhich are much more wear resistant.
¥hile ceramic blades hold their shape much better than polyethylene
blajes, they ave extremely fragile prone to damage, and relatively ex-
pgnsi.ve. Since such blades are difficult‘to handle, once 2 Fourdrinier
Fablehas'bemhidwt,papemakersareloaﬂaetoalterblades. Thus,
ﬂguseofcerunictgdrafoilbladesisl;imitsl. '

The cross machine direction variability of dewatering of hy-
drafoubladesisom,ﬂmt.ﬂnprj;mrymceofﬂ:emnﬂnﬁfcmitg
of the "dry line", i.e., the line across the Fourdrinier where air is
first introduced into the wet web over the vacum foils or suction boxes.
This variability ultimately leads to the cross-direction variation in
themisttrecmtentofﬂaeﬂnishedpapar,ameofthenostcritical
pmblensfacingﬂ)epapa:j:ﬂustry |

Amﬂaerpmuanc:eateahythisurmmganemwgpﬂse
ofhydrofoilbladesisﬂatitloosmsupthestmcmreofﬂeparﬁal-
1yfomed'webandanmfcu:ﬂmefmerﬁbersaswe]lastheﬁl1u
particles to be washed out of the web. Thus, the stronger the vacum
palse of a foil blade, the lower the fines and filler retention in the
lower part of the web., This top-to-bottam side variation of fines and

fi]lersinasheetisamjcrsmfceofnanypaperappliatimprobleré

- weu—]umtoﬂnsesldlledintheart

'nn'nmgmvtomotheraspectofhydrofo:lbladeapplicaums
and problems, a new forming si:r:ategyhasbeenevolved in which it is

desirable to minimize or even totally eliminate the turbulence on the
Fourdrinier wire generated by the hydrofoil blades. This new approach
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employs formation showers which create stock ridges which pe.riodié:ally
couzpseandrefonncnthejramdownthewire.,'meoollapseandre—
generation of these ridges creates a cross machi.ne.directian shear which
deflocculates fibers in much the same way as the cross machine direc-
tion shear generated by the shake of slower papermaking machines. The
‘advantage of these ridges over shakes is that the ridges can be employed
and are effective at any machine speed including relatively high ones,

: whereas the effective application of the shake is limited to machine
speeds below 300~400 m/min. - THe stock ridges formed by formation showers
.are extremely fragile fluid structures which are easily destroyed by the
turbulence generated by hydrofoil blades. -

It is clear from all of the foregoing that there is a need far
Woﬂbladaw}meinﬂaemtofﬁaterrmmeafmuthesuspm-
sion across each blade width; that is, the dewatering in the cross ma-
chine direction, is controlled by stabilizing the vacuum decay zone of
each blade. In addition, the absence of a strong pressure pulse follow-
ingdewateringisdesirableinordertoohtainahigherandnnreimi-- |
form Fines and filler retention. Further, there is a need in some ap-
plications for a dewatering hydrofoil blade system which does not gen-

erate burbalence.

This invention achieves these and other objects}zyprona_mg
a hydrofoil blade support for use inapaperma]dngmdﬁmofﬁmetype
vherein hydrofoil blades are positiconed beneath a forming medium and
extended in the cross machine direction relative to the forming medium

fordrajnjngwaterﬂmnghthefonningnediunfranapaperwebbeing

t
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. formed n the forming medium and for forming the paper web. The hydro-
foil blade suppart includes at least a first hydrofoil blade camprising
afixstfonningnediunhearingsurfacelyinginaﬁrst:lanearﬂhav-
hgafustleadjngeageandafi:sttrailﬁugs\zfacedivergingdmxr
_.wardrelativetoﬂxefi:stfomﬂngxnediunbearmgsurfacefranaﬁrst
. creasé line toa first trailing edge. The first trailing edge lies in
'a second plane parallel to the first plane. A water directing surface
extends dowrward fram the First trailing edge. At least a second ad-
.jacent hydrofoil blade is provided camprising a second forming medium
bearing surface having a second leading edge, a front surface extend-
ing dowrward from the second leading edge at an acute angle relative
to the second forming medium bearing surface, and a second trailing
surface diverging downwerd relative to the second forming medium bear-
ing surface from a second crease line to a second trailing edge. The
water directing surface overlaps and is ‘spaced fram the Eront surface,
and the first plane is spaced fram the second plane in the range of
about .05 millimeters to about 4 millimeters, to form means forming a
'gapbetwemthe'fcmingnediunmﬂﬂaeadjacenthydmfoﬂblade, whm
the hydrofoil support is mounted on the paper making machine, so that
mmﬂepapernmbpaaamhnwatermmea_ﬁm&epépemeb
bysuctimmeateahya;ergamfonblaaescmpletélyfulsﬂiegapm
theabsmceofajrtherebyprevenﬁngecpansimandco;:respmding -
cavitation of the water in the gap.

BRIEF DESCRIPTION COF THE DRAWINGS

-

Figure 1 is a diagramatic representation of cne embodiment

of the present invention; .

1
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Figure 2 is a partial view of a diagramatic representa-
tion of another embodiment of the present invention;

Figure 3 is a partial view of a diagramatic representa-
tion of yet another embodiment of the present invention;

Figure 4 is a diagramatic representation of a further
embodiment of the present invention;

Figure 5 is a diagramatic representation of a further
embodiment of the present invention; and

Figure 6 is a fragmentary view of Figure 5 having dimen-
sions which have been exaggerated for the purpose of emphasis.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment of this invention which is illustrated in

Figure 1 is one which is particularly suited for achieving the
objects of this invention. Figure 1 diagramatically depicts a
portion of the forming section of a paper making machine of
the type wherein a forming medium 2 receives stock from a
headbox at a first end (not shown) and transfers a substan-
tially self-supporting paper web from the forming medium 2 at
a second end (not shown), the forming medium travelling in the
machine direction generally designated by arrow 4. Hydrofoil
blades are provided beneath the forming medium 2. The hydro-
foil blades extend in the cross machine direction relative to
the forming medium, the cross machine direction generally
designated by arrow 6. The functions of hydrofoil blades are
to drain water through the forming medium 2 while the paper
web 8 is being formed on the forming medium and to form the
paper web. In the present invention, a hydrofoil support or
box 10 is provided which includes at least a first hydrofoil
blade 12 comprising a first forming medium bearing surface 14
lying in a first plane and having a first leading edge 16, and
a first trailing surface 18 diverging downward relative to the
first forming medium bearing surface 14 from a first crease
line 20 to a first trailing edge 22. The first trailing edge
lies in a second plane parallel to the first
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plane, Thefirstarﬂsecaﬂ;:lanesueschanaticallyresresentedat
24 and 26, respectively. A vater directing surface 28 extends down-
vard from the first trailing edge 22. '
A second adjacent hydrofoil blade 30 is also provided. Elade
30 caprises a second forming medium bearing surface 32 having a second

leading edge 36, a front surface 34 -extending downard from the leading

edge at an acute angle relative toﬂmeseccuﬂfomingmedimbear—

ing surface, and a second trailing surface 38 diverging downward rela-

tive to the second forming medivm bearing surface 32 from a secord

crease line 40 to a second trailing edge 42. AS can be seen in Figure
l,thewaterd:rectmgsurface%cverlapsardisspacedfrunthefrmt
surface 34. Thedistance44bebaeentheﬂ:stp1ane24axﬂthesecaﬂ'
planeZSisintherangecfabcut.OSmﬂlingterstoabcut4mﬂlime—
ters. Preferably, the distance between surfaces 28 and 34 is also in
the range of about .05 millimeters to about 4 millimeters, - the spacing
betweenplane824a:ﬂ26&ﬂsurface328mﬂ34pxefgrab1ybeingsimi—
lar. The interrelationship of the overlapping and spaced surfaces 28,
34 vhich form a channel 46 between adjacent hydrofoil blades, arﬁﬂn
specifically dimensioned distance 44 between planes 24, 26, form means
forming a gap between the forming medium 2 and the adjacent hydrofoil
bladeSIZ,BO,v;helthehydmfoilbladesuppprt-loismedmthe

papernalm:gnadmme,sothatduingthepaperm}dngoperaﬂmthe

water removed fram the paper web by suction created by the hydrofoil

blade copletely fills the gap in the absence of air thereby prevent-
i:ge@ansionarﬂcori:espcndingcavitai;im;ft}émterinﬂmegap.

-
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Iﬁ the embodiment of Figure'l, hydrofoil blade support 10 in-
cludes a plurality of adjacent and alternating pair$ of first hydro-
foil blades 12 and second hydrofoil blades 30. Each hydrofoil blade
is depicted as including a front surface extending downward from each
respective leading edge at an acute angle relativé to each respective
forming mediun bearing surface. Each hydrofoil blade is also depicted
asunludlngawaterdnectirgsm-faceextend:ngdaﬁmvardfraneach
respective trailing edge.’ Each fonn.mg medium bearing surface hes
_in the first plane depicted at'24, and each trailing edge lies in the
secaﬂplanéaepicbedat% Intheerboammtofmgurel as be-

" tween’ adjacent Blades, each of the water directing surfaces overlaps
and is spaced fram an adjacent front surface, and respectlve first
and second.planes are spaced 'in the range of about .05 millimeters to
about 4 millimeters, to form said gap forming means between adjacent
. hydrofoil blades.

Preferably, hydrofoil blade support 10 includes a blade or
blades hav:tng a trailing surface which dlverges damwardly to a ﬂurﬂ
crease line 48, and includes a boundary. forming surface 50 1ymg:m '
theseocndplane 1derrtif1edat26 andartc—mdmgfmnﬂxethird .
creaselmetothetrai]ingedgeofeachhladewhlchmcludessuch
stnx:tm:e -In other words, eachrespectlvebomﬂaryfm)g surface 5015- |
parallel tn each forming medium bearing surface. In this EnbOdJment,
'ﬂ:ealstame 44 is measured between the forming medium bearing sur—
face and the boundary forming surface 50 of each hydrofoil blade. By
providing a boundary forming suyrface 50, an extended channel is
famed between the forming medium and the hydrofoil blade along which
water flows in the absence of air.
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Tt will be noted thatﬂaeover].appingofthewaterdirectnng

surface and the adjacent front surface definethe channel 46 therebetween.

To this end, preferably boundary forming surface 50 is terminated just
aheadoftteleaaangedgeofﬂ:enexthydrofonb]adeandisfollcwed
byﬂmeaomm;ardimlmedwaterd;rectingsurfacemchactmasatan
angle of 30° to 45° relative to the boundary forming surface 50. Ome
or more of adjacent front surfaces and water directing surfaces can

parallelasaeplctedinr‘lgurel. Itisalsowiﬂﬁnthetea'chihgs
‘herein that one or more of such surfaces be slightly convergent to—
wa:ﬁsthefonni:xgmealunbearmgsurfaceasdepiCtediangurezor
slzghtlycmvergaltawayfranthefonnmgned:u‘:b;lag:m surface as
_ depicted in Figmre 3. Afte.rprcv:.dangashortparanelcralnostparal—
lelchamxelbeb;eenﬂxemhydmfoil blades, the trailing face of
..thebladeabrupl'lychanges itsangleto90°relativetothebwrﬂa1y
forming surface 50, and the vhite water is flung into the atmosphere.
Atthispoint,fhedmangeinpressureismdis:allerthanthatatthe
point where conventicnal hydrofoil blades discharge their vhite water
into the atmosphere. :Bms,thewhitevaterisrewvedﬁunﬂleurﬁer—
sideofﬂefomixgnedimasa@tmﬂmifomlythidccolmn
¢fwatav:it}nrtanabrtptdman_geinpressureatﬁxefaceofﬂ1efomr
ing medium. ‘

ﬂ:ea&:odmtofr‘lgurel,ﬂxeheightdfthegapbemen
the fomingmedimarﬂﬂaebomﬁa:}?fomung‘surface SOOf the hydro—
foil blade controls the amount of its dewatering. Therefore, making
the size of this gap controllable is desirable so that the amount of
devatering at every point on the forming medium can be controlled and
regulated. The present invention jncludes featm:es directed to such a
variable drainage rate hydrc?foil blade. For example, in the embodiment

of Figure 4, which depicts a ‘hydrofoil blade having a configuration

RTINS P SRR P
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similar to that of Figure 1, reference characters correspording to
those of Figure 1 are used for similar structure. In Figure 4, the
tmﬂj:;gsurface 1.8 is pivotally connected to the forming medium bear—
ing surface 14, and to the boundary forming surface 50 at the third
Crease line 48. ‘For example, Figure 4 depicts trailing swrface 18 as
a flexible member extending fxtm surface 14 to surface 50. It will be
apparent to those skilledintheartﬂ:atothe:rtypesofpivotal con—~
nections can be provided. Means are provided coupled to the boundary
forming surface 50 for varying the distance between surface 50 and
. the first plane, in which lies the forming medium bearing surface 14,
so that such distance can be controlled as desired. For example, by
way of example only, Figure 4 schematically depicts a piston 52 and
cylinder 54 for hydraulically or pneumatically raising and lowering
boundary forming surface 50. In operation, the raising of piston 52
decreases the degree by which surface 50 diverges from surface 14 and
decreases the vertical distance between the first plane identified at
24 and the second plane identified at 26 to decrease the size of the
gap. Lowering of piston 52 increases the degree by which surface 50
diverges fram surface 14 and increases the vertical distance between
the planes identified at 24 and 26 to increase the size of the gap.
Illustrative of one embodiment, the forming medium bearing
surface 14 is about one centimeter in length, the trailing surface 18
is about 3 to 15 centimeters in length, and the boundary forming sur-
face 50 is about 1 to 15 centimeters in length. The diverging angle
of the trailing surface 18 is 0° to 5° as described in Wrist, United

- States Patent No. 2,948,465. . ' .

-11-
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By means of the preseat invention, amethcdispmvidedusing
lydmfoﬂbladesfordmnteri;garﬂfomﬁ:gapapervnhmapapermc-
mfm@mmmm& f£rom the paper web, and the fiber

- suspension carried thereby; by suction created by the hydrofoil blades

and including the critical steps of (1) forming a single phase fluid in

2 gap between adjacent hydrofoil blades and the famﬂ.ng mediun, and (2)

a:taﬂingthegapasufficimtdistameinthemchinedirecdmto

prevmtecpansimarﬂccrrespaﬂingcavitaﬂmofthesimlepmse
£1uid in the gap. In this manner, instead of emptying the white vater

-remvedbyﬂ:evacmncreata’lbytheinclined surface of the hydrofoil
“... blade directly into’the atmmosphere, suwch water is carried along the

mﬂersideofﬂae’fomﬁngn;ediuninanai:freegapbeweenﬂnmﬂer-
side of the forming medium axﬂ‘adjacmtmdrofoilblades. As the vacuum
decaysinthisgap,thedecayisgradualraﬂwﬂanabmpt -and there-
fore is not unstable. Itiégra&ualbecauseﬂ:epartially-fonnedweb
arﬂshod&cvertrefcmﬁngnediunrepreseﬂtamidenbleresisbmce

the stock. .
Its}nﬂﬂbemted'ﬂmatintheanbodimentofrigurelitis'
ﬂ:ecreatimofﬂmeﬁxedrmizmmlgapfollnﬁngﬂﬁvamm-m
dowrwaxd sloping face 18 of the hijdrofoil blade which literally.forces
ﬂ:eblaﬂetodevaterthesmnemmmtofvaterfxmﬂie'suspmsimfrm
pomttopoi:rtacrossthe“érrtsrelmgmofﬂxeblade By providing a
gapwhlchissufficmntlyna:rowandcamaotcavitatebadcﬁunits exit

. .point to the atmosphere, the gap will be fully £illed with fluid pulled

mfmnaboveﬂm:ghﬂ:efmnimneﬂiun . 7' .
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An important aspect of the present invention is to identify
the magnitide of distance 44 to assure that the gap between the under—
side of the forming medium and adjacent hydrofoil blades is Filled with
waterinthéabsenceofair ﬁnfis,tocauseasi:zgle;ﬂnsefluid'to
becamedalongtheu:ﬂerszdeofthefonnmgmedlunmthegap Ocn-
_sidering thatthetypical hydrofoil bladeisdesz.gnedm}aveatrailmg
surface diverging at an angle of 0° to 5° as described in United States
Patent No. 2,948,465, the critical dimensicn in defining the distance
44 is the length of the trailing surface 18. In order to assure that
.the gap is canpletely filled with a single phase fluid, i.e., is filled
with water in the absence of air, the height 44 for the blades being
used can be ascertained by calculating the difference between the stock
thickness at the slicecpéning and at the end of the farming zone, using

the egquation:
T=— W
CxRxJ

wherein T is the stock thickness, W is the basis weight of the finished
sheet, Cistrestwkcmsistacya@re;sedasafracdm, R is the
overall machine retention downstream from the point under consideration,
and J is the jet-to-forming medium speed ratio. .. |

The use of this equation will now be demonstrated, by way of
example only, in connection with a paper making machine producing news-—
print-type paper. The ‘abdve equation is first used'té determine the
stock thickness T; at the slice opening. Assuming that the basis -
weight W, is 50 g.s.m., the consistency Cj is 0.5%, the retentiozi r
is 60% and the jet-to-forming mediun speed ratio J; is 0.95, then the
thickness of the stock at the slice opening is:

.0050

LS = =1.75 cm
CL xR xJN) 005 x .6 x .95

Tl=
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'l‘hestockthiclmess![’zattheendofthewebformingzcnecan
be calculated in a like manner. Assuming that the basis weight W, is
still 50 g.s.m., theconsista)cyczhas increased to 2.5%, the overall
machine retention R, of the balance of the paper making machihe is 90%,
and- the jet-to-forming medinm speed ratio- J, has increased to 1.0,
then the thickness of the stock at the end of the web forming zone is:
W, .. ..0050

C2 xRy x J,- 025 x .9x1 g

The thickness of water Q remved fram the forming section is
'equalu:ﬁ:edjfferencebeu«emﬂaestockthich)essatﬂ;.eslice.opar
ingandthestockthic}messattheaﬂ.ofthewebfonningzme,br

Q=T - T, =154 cn

cee Assuming that in ‘the past twenty conventional 1% and 2° hy-
dmfoilbladesf:avebeenreqtﬁreitod&tajntlﬁsresﬂt,theuthegap
44 shoald be:

1.54 om -
= .08 cm

20

Further, assuming that it is desired to use twenty five 1° -

'blades.tccmpmsatefo,rwearofsurfacelll and to. accamplish similar

- Gevatering; ‘then in arder to .assure the existence of a .08 emgep 44,
- the length L of the trailing surface is Coe el

L=.08tan 1° = 4.6 cm -

e i e b e s
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Since the basis weight of the finished sheet (W), stock con-
sistency (C), Overall machine retenticn (R) and jet-to—fon'ning medium
speed ratio . (J) greidmtifiableinahmmnmmerforanypapernac-
h:neatﬂ;eshceopenmgardattheendofthewebfonmngzme, the
abcveeguatlmscanbeusedtoidentifythedjmensimofgapuand
thelengthLofthetraJ.lmg sm:face foranypaperma]d.ngapph:ztim
Dewate.rmg using hydrofoil blades of the present invention

dnffersfranthatofoonventimmalbladesinﬂuatﬂmedewateﬁngjscar-_

ried out enta.rely in a confined and cmi::ol]able gap, and hezm dewa-
tering mllbehlghlyunifmnalongﬂ:ecmssmadﬁmalrectmnofeach
“- blade, Ftrﬂmenmve, t'hepa:essurepnﬂ.se causingalossoffinesarﬂ
flllerpartlclesm.llbesubstantia]lyelzmnated, andtheso—called
"two-s:Ldedness of paper as well as the htens:.ty of the well~known
- “wire mark” will be substant:.ally decrea.sed FJ.nally, the repetitlve
ridges formed by farmation showers will not be subject to destructive -
pulses, an il carry then mich Surtber G th Tomming medie thn
is presently the case. .- . .. . ..
Anotheranbodimentofﬂ)epresentinventimisdepictedin
Figure 5 which depicts a hydmfoil blade suppqu: 60 ccnpa:lsing a plu—'
rality of spaced hydrofoil blades 62 which ccnpnse a forming medium .
bearing surface 64 lymg ::n a f:u:'st plane identifled sclmxatica.lly at
66 and having a leading edge 68, arﬁatrailmgedgemlymgina |
secard plane, :Ldent:.f:n.ed schematically at 72, parallel to the First
plane. A first tralling surface 74 dlverges dcwnward relatwe to the
forming medium bearing surface 64 frunaflrstcreaseline?ﬁtoasec-

ond ‘crease line 78. A fm't'lbomaary‘foming ‘surface 80 extends from
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the second crease line 78 to a third crease 1ine 82, and at
least one other pair of trailing and boundary forming surfaces
extend in tandem between the third crease line 82 and the
trailing edge 70. For example, blade 62 includes a plurality
of pairs 84, .86, 88 of trailing surfaces 74 and boundary
forming surfaces 80 which extend in tandem, one pair following
the next in the machine direction. As depicted in Figure 6,
each of the boundary forming surfaces lie in planes,
schematically depicted at 80 1n Figure 6, parallel to the
forming medium bearing surface 64, consecutive of planes 66,
80°, 72 being spaced from each other in the range of about .05
millimeters to about 4 millimeters. Although not necessary in
this embodiment, if it is des:.red to prolong the length of the
gap between adjacent hydrof011 blades a water directing
surface 90 is provided as "in the .other. embodiments herein
extending downward from the trailing edge 70. When using the
blades 62, the height of the gap 92 being consecutive of
planes 66, 80’ e 12 corresponds to dimension 44 of Figure 1,
and is measured in the same manner. It should be noted that
the equations set forth herein are equally applicable to the
embodiment of Figures 5 and 6. In partlcular, ‘although the
equations demonstrate how to identify the magnitude of gap 44,
they are equally applicable in identifying the magnitude of
each gap 92, the crltical dimen51on in deflning the height of -
each gap 92 being the length L of each respective trailing
surface 74. In other words "I, . can be equated to the length of
trailing surface 18 1n using the equations to identify the
magnitude of gap 44 in Figure 1 or to the length of each
trailing surface 74 in Figures 5 and 6 in using the equations
to separately 1dentify the magnitude of each gap 92. Without
being limited to any theory of operatlon, it is believed that
the water removed at ‘each traillng surface 74 in the
embodiment of Figures 5 and 6 travels along each respective
gap 92. At the end of»eachrreepective:gap 92 such moving water
continues to travel but under the water being removed by the
next trailing surface 74. In other words, the water removed at
each trailing surface 74 travels through the gap 92 associated
with such trailing surface and is then carried under the water

-16~
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removed by each succeeding trailing surface 74, all of such
water being removed at the end of the hydrofoil blade.

The embodiments which have been described herein are but some
of several which utilize this invention and are set forth
here by way of illustration but not of limitation. It is
apparent that many other embodimentes which will be readily
apparent to those skilled in the art may be made without

departing materially from the spirit and scope of this
invention.
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1. A hydrofoil blade suppart for use in a paper making ma-
chine of the type vherein hydrofoil blades are positioned beneath a
forming medium and extended in .the cross machine direction relative to

saidfomﬂpgmedimfordrajnipgwaterthrcughsajﬂfonningn;sdiun
'whileapapecwebisbeingfémedonsaidfonnipgnedimaxﬂforfonn-
' :mg said paper web, said hydrofoil.blade support including at least
a first hydrofoil hlade camprising a first forming medium bearing sur-
face lying ‘in a first plane and baving a first leading edge, 2 flrst
_ trailing surfacealvergmgdownwardrelatlvetosaldfzrstformzng
neamnbeanpgm-facefmnafusfccreasehnemafustmmng'
edge, said first trailing edge 1yiéinasecorﬁplaneparallel&
saﬁfirstplane,andawater’éire&tirgsmfaceattexﬂjmgdmra '
from said first trailing edge, and at least a second adjacent hydro-
foil blade camprising a second forming medium bearing surface having a
secomﬂleadjpgedge,aﬁumtsu;:faceexterﬂingdmnma:dﬁunsaidse—-
cond leading edge at an acute angle relative to said second forming
nedimnbearipgsurface,axﬂasecmﬁtrailingsurfacedivergingdom—

.

ward relative o said second forming medium bearing surface from 2
second crease line to a second trailing edge, said water directing sur-
face cverlappn:garﬂbemgspacedfrunsaldf.ront surface, and said
ﬁrst'phnebemgspaceafmnsajﬂsecmﬁplaﬁeix{ﬂaexameofam:t
.05 millimeters to about -4 millimters, to form means fomﬁ::gaggp _
between said adjacent hydrofoil blades; when said hydrofoil support

is mounted on said paper meking machine, so that during the paper mak-
ing operation the water removed fmnséiapaperwebbysuctsqueatea
by said hydrofoil blade completely fills said gap in the absence of
air thereby preventing expansion and corresgondlng cavitation of said

water in said gap.
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2. The hydrofoil blade support of Claim 1 including a plura-
lity of adjacent and dlternating of said first hydrofoil blades and
said second hydrofoil blades, each of said first hydrofoil blades in-
cluding a front surface extending downward from each respective first
leading edge at an acute angle relative to each respectlve first form-
' :mg medium bearing surface, and each of said second hydrofoil blades |
including a water directing surface extending dowrward fram each respec-
tive second trailing edge, said second forming medium bearing surface
1yﬁginsaiafi;s£p;anemﬂsamsemtrm&geag¢1yﬁgmsa,m"‘_
second plane, . edjacent of said vater directing surfaces and said front:
surfaces overlappmg and being spaced fram each other, and respective
first and second planes being spaced in said range, to form said gap
forming means between adjacent hydmfo:.l blades,

. The hydrofoil blade support of Claim 1 wherein sdid first
.trall:mg surfaoedlvergesdownwarﬂlytoatluxdcreaselme, and where-
mabmnﬂaxyfonm.ngsurface lyuzgmsan.dseca-ﬂplaneexterﬂsfzun
sa:.dﬂﬁxdcreaselinetowaﬂssa:dﬁrsttraﬂangedge.

. The hydrofoil hlade support of Claim 2 wherein the trail-
ing surface of at least one of said hydrofoil blades diverges downwardly
+0 a respective third crease line and includesabmnﬂaryfo:;ni;;g sur-
face lying in said second plane and extending from said respective
third crease line towards a respective trailing edge. o

5. The hydrofoil blade support of Claim 3 wherein at least
one of said trailing surfaces is pivotally connected to its adjacent
forming medium bearing surface and to its adjacent boundary forming
surface, and including means coupled to said adjacent boundary forming
surface for varying the distance between said-adjacent boundary forming

surface and said first plane.
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6. The hydrofoil hlade support of Claim 1 whereih-said front
suxfacearﬂsaidwaterdirectingsurfacearespacedinthe'rapgeof‘
about .05 millimeters to about 4 millimeters. -

7. The hydrofoil blade support of Claim 1 wherein said front
surfaceand said water directing surface are parallel.

' tmehydmfo:lhladesu;portofclazmlvﬂ‘eremsanﬁfmt
suﬁacearﬂsaiﬂvaterdjrectipgsurfaceoonvergetmzardssaadfonmng
medium bearing surface.
‘ . The hydrofoil Hlade support of Claim 1 wherein said front
smfacearﬁsaidvaterdirectipgsmfacemergeawayfransaidtfgm-
ing medium bearing surface.
1Ofihehydrofoi1blade51@portofclaim3wherejnsaidfront
surfaceanc_isaidvaterdirectihgsurfaceérespacedintherangeof |
about.ﬂSmillin’\eterstoabmztéimillimeters.
n.mergamfonblaaesx@mtoiclaimav&meinsaidﬁmt
surfaceazﬁsaidwaterdirectingsurfacearepara]lel..

12, 'Ihehydrofoﬂbladesm*ofClmmBWherennsazﬂfront
. surface and said water directing surface convergetmoardssa:.dfommg
medium bearing surface.

13. The hydrofoil blade suppart of Claim 3 wherein said
ﬁmtmrfmarﬂsaidwaterdirectimanfaceoénvérgeawayfxm
said forming medivm bearing surface. o
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14. A method using hydrofoil blades for dewatering and form-
ing a paper web on & paper machine formingmedimnbyrmov:bgkgj:er
£rom said paper' web, and the fiber suspension ‘carried thereby by suc-
tion created by said hydrofoil blades, canprising the steps of (1)
forming a single phase fluid in a gap between adjacent of said hydro-
foll Blades and saidl forming medium, and (2) extending said gap a suf-
ficient distance measured in the machine direction to prevent expan-
sion and corresponding cavitation of said single phase fluid in said

15. The hydrofoil blade support of Claim 3 vwherein at leagt
one other pair of'trailh:é and boundary forming surfaces extend in tan-
dem from sa_'l.c'i boundary forming st':rface:tawards said first trailing
edge. ' '

16. mehyamfoubiaaes@pmofcuﬁnumereina%:least
one of said hydrofoil blades conprisingsaid boundary forming surface
includes at least one other pair of trailing and boundary forming sur-
faces extending in tandem from said boundary forming surface towards
said trailing‘edge. | |
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17. A hydrofoil blade for use in a paper making machine of
the type wherein hydrofoil blades are positioned beneath a
forming medium and extended in the cross machine direction
relative to said forming medium for draining water through
'said forming medium while a paper web is being formed on said
forming medium and for forming said paper web, said hydrofoil
blade comprising a forming medium bearing surface lying in a
first plane and having a leading edge, and a trailing edge
lying in a second plane parallel to said first plane, a first
trailing surface diverging downward relative to said forming
medium bearing surface from a first crease line to a second
crease line, a first boundary forming surface extending from
said second crease line to a third crease line in a third
Plane which is located intermediate of and parallel to said
first plane and said second plane, and at least one other pair
of trailing and boundary forming surfaces extending in tandem
between said third crease line and said trailing edge, each
additional of said boundary forming surfaces lying in a plane
which is located intermediate of and parallel to said second
and third planes, the last of said boundary forming surfaces
lying in said second plane and extending to said trailing
edge, consecutive of said planes being spaced from each other

in the range of about .05 millimeters to about 4 millimeters.

18. The hydrofoil blade of Claim 17 including a watering

directing surface extending.downward from said trailing edge.

19. A hydrofoil blade support for use in a paper making
machine of the type wherein hydrofoil blades are positioned
beneath a forming medium and extended in the cross machine
direction relative to said forming medium for draining water
through said forming medium while a paper web is being formed
on said forming medium and for forming said paper web, said
hydrbfoil blade support comprising a plurality of spaced
hydrofoil blades which each comprise a forming medium bearing
surface lying in a first plane and having a leading edge, and
a trailing edge lying in a second plane parallel to said first

plane, a first trailing surface diverging downward relative to

—-22-
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said forming medium bearing surface from a first crease line
to @& second crease line, a first boundary forming surface
extending from said second crease line to a third crease line
in a third plane which is located intermediate of and parallel
to said first plane and said second plane, and at least one
other pair of trailing and boundary forming surfaces extending
in tandem between said third crease line and said trailing
edge, each additional of said boundary forming surfaces lying
in a plane which is located intermediate of and parallel to
said second and third planes, the last of said boundary
forming surfaces lying in said second plane and extending to
said trailing edge, consecutive of said planes being spaced

from each other in the range of about .05 millimeters to about
4 millimeters.

20. The hydrofoil blade support of Claim 19 wherein said
hydrofoil blades include at least a first and second adjacent
hydrofoil blade, said second hydrofoil blade being adjacent to
and downstream of said first hydrofoil blade and having a
front surface (a) which extends downward in a downstream
direction from said leading edge of said second hydrofoil
blade at an acute angle relative to said forming medium
bearing surface of said second hydrofoil blade, and (b) which
is spaced from and superposed relative to a water directing
surface of said first hydrofoil blade which extends downward
in a downstream direction from said trailing edge of said
first hydrofoil blade at an angle relative to said second
plane of said first hydrofoil blade, to form means in the form
of a gap between said adjacent hydrofoil blades, when said
hydrofoil support is mounted on said paper making machine, for
removing water from said paper web by suction created by said
first hydrofoil blade during the paper making operation and
completely filling said gap with said water in the absence of
air thereby preventing expansion and corresponding cavitation
of said water in said gap.

21. The hydrofoil blade of Claim 20 including at least one
other pair of said first and second hydrofoil blades, each of

-23-
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said first and second hydrofoil blades of said at least one
other pair including one of said water directing surfaces and
one of said front surfaces, and adjacent of said water

directing surfaces and front surfaces forming said water
removal and filling means.
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