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CIAPTIR I,

INTCDUCTION

Througnout the entire nistory of papermaking it
has been the aim of investizators and designers to under-
stand the behavior of paper fibers in the flow of the stock,
and to use tanis xnowledze in the design of equipuent which
would modify and control this fiow of stock to tne moving
wire 80 that tne desired formation and strengtn properties

mirht be obtiined.

Up tc¢ the present time this aim has not been sate
isfactorily realized, because no tachnique has been avail-
able for actually ovserving tne fiber .iovewents in the’
flow of stock. Lach worker, therefors, nas had to formu-
late his own tneories by pure rsasoning or by analogies,
and ths many couflicting views on the subject have led
to slice and neadi box designs so inconsisteut witn eacn
other that it would be of real value to estublish fundawental
knowsledre of tais flow and prove which pointa of tae

conflicting thecries are correct.

Bryant (1) has recently develope:dl i method ror

photogzraphning the individual fivers in wmotioun during stock



flow, and it is8 the purpose of this paper to describe the

utilizat.ion of this technigue in a study of the flow of

stocx und the movemants of the individual fibers,
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CHAAPTER IIX

LITARATURE sdi7aY

A. HISTORIZAL,

Althouszh this study dealas priwmarily with the laws
of hydrodynazies governing the wovauent of individual paper
making fibers in dilute water suspansiun, it i8 nade for the
purpose of shedding new li ht on tue motion of the fibers in
paper stock during their flow throuzh the head box and the
slice opening or inlet and out u;on the .ucving wire. There-

fore, 1t is essential that the survey should cover, not only

existing literature on the movemsnts of the individual fibers
in stock flow, but also that on head box and slice operation,
thaory, and design, This review also includes the American
patent literature from 1918, and foreisn patents as far as

avalilable,

The abundant literiture on the subject of stook
flow, sheet forwation, and the action of the head box and
8lice shows the pa;er maker's intense interest in these sube-
Jeots, and the nuaber of current articles on tne sudbject
i7ives ample proof that the interest is still active ind that
tne possibilities of the problem have not been exhausted.
Jiost of the available informition on the subject is of an

empirical, rather than a fundamental nature, so that the
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sheet forumation in most mills is still an "art" ratuer
than a "science". Altnouvh many of the factors involved
in toe initial deposition of tae ":z2at" or "wedb" of fibers
on the wirs nave been analyzed on n practical and semi-
soientific basis, there i3 still need for funiamental

information.

Jeneral discussions of the action of the head
box and slice (2-8), as well as historical accounts deal-
ing with their developuent to meet tna increased speed

requirements (9-12), have been published.

Tue first paper machine (9) to successfully use
an endless wire web was made by Nicolas Touls Robert in
“ssonnes, ¥rance in 1739, Tne stock feed device for this
macnine consisted siwuply of a revolviny fan for throwins the
stock fro: the beater vat over the slowly moving wire and
azainst a baffle plate whichn distribated it. This arrange-
ment was not{ entirely satisfactory. Gubsequently tne patent
rights were purchased by the Fourdrinier brotners in
England, ani with tne assistance cof Bryan Jonkin they greatly
improved the feed mechanism by replacing the 3lohert arrange-
nent with a head box from wanich tne atock flowed over a slide

to the wire. This stock strean, however, was found toc be
disturbed by eddies, rivulets, and waves wunich caused uneven
tnickness and varied formation across tne uachine. Hence the

slice was introducsd; as the name implies, its purpose was




to 8lica off or smootn out tne surfacs unavanness, Ag

hircsher speed machines were developed it was fouand taat a
neadi back of tnis slice c¢oald he made to rive Lha necessary
accelaration to the stock str2aw to obtain a satisfactory
formation for speads up to abcut 4JJ. feet ver minute., There
has bsen no really finilisental chan-e in the wet end of tae

paper uachine since that time (1803).

3y 1857 presses, driers, and, finally, the calen-
da2r stack nad been adied to the panser wmachine, thus makinge
available all tne mschanical :arts necessary for hi-h speed
proiuction, The maximum width and speed attained a2t that
tite were 80 inches and 100 feet per minate, respectively.
In 1886 a wachine was constructad -ith a 11 inch wire and
a maximum s, eed of .23J feat per minute, aud by 1896 a few
nachines ware runningz at 4050-530 feat .er aminute. 1\ speed
of 1000 feet per wuinute wus not reached antil l4:l. These
later speced increasss were acccmpanied by further incoreases
in width., In 1923 a “34-inch, und, later several <X6J-inch
wires, were installed, A 320-inch machine receutly ine
s8talled in Inrland is the widust one to date. This wmachine
was Jdesirtned for a maxianum speed of 1400 feet per minute,
A width of tnis .arnitude would seem to be near the practi-
"eal limit, Improved business conditions now wnaxe greater
speeds desirable, but such speed increases must 1vait fur-

tner developments in the iesiysn of inlets, waich, in turn,



muz awalt furtner fundasental knowledre of stock flow,
Arainice on the wire and drying also offer serious dif-
ficulties at hirner spesds but they are not a part of the

preseant problem,

The ordinary slice, which wiy be considered as
an invert-d weir (<), is still uved todiy on many slow
machines with no fundazental chanr2 from the design orige-
inaily introduced. Two, or evan three slices, rather than
one, ars used in most cases; but, according to Green (2),
ot naghines eqgiivned vith more than one slice, it is not
uncomon to have only the last one in contact with the stock.
The object of the multiple slice is to obtain better a-i-
tation of the stock by ziving it ailternate periods of impetus
and rest on its wiy to the wire, In any event, it is the
last slice that ianarts the [inal horizontal spesd to the
filw and roverns its thicxness. An apron covers ithe wire
from ths 1ip of th=2 nead box tov a peint just short of the
last slice, 2 point usuilly about coincident with tne first
table rovll, This apreon is suprorted by an apron beard
vhich epsns the rap betwe:n the head box lip and tne breast
roll; its edres are hent upward ainlil fast2ned to plates on
gitner side to prevent loss of ustock bef - re the dec<le

methanism i8 reached.

Such 2 simple slice is made of two piates which

overlap at the centar of th2 sachine, and are clamped to-



rether to raintain a stralpght lower edre and to allow

ad fustment for tre wldth of stest to he made., Slices six
to fifteer incres in reirtt are common, the 1irher slices
heing used on the wilder, faster rmachines., The douhle slice
prineciple mav ‘e, and 1s, used as s type of hirh preassure

inlet (2).

Te slice 1s sdjustarle at 1ts two ends as to Als-
tanee arove t e apron or wire. In tte two slice ar-anpgement,
the first slice 1s set hicrer than the second hut low enourh
to make a difference in head hetwean the maln pond ard the
pond hetween the slices., Thie Aifference 1a said to rive a
meaggvrre of t'e aglitation obtalned, Tre reirht of the second
alice, 1n conjunetincn wit! tre P~drostatlc head back of it
end the stock consiastency, deterrine thre welght of the sheet

produced (2).

L serious limitation to tle atrairht or low-«hend
slice (2) has always been that, regardless of the form of the
lower edre, tle top and hottom of tla lssulnp stock stream
recelve widely differert treatment. The top drags forth
under t'e edpe of tre slice and emsrres with 1ts upper sur-
face concave upward., T en 1t proceeds on 1ts way, influ-
erced onlv bv £ e lavers of stoek under it. !"eanwhile
the bottor iz aliding over tre anpron horizontallr, witl no
change in direction. Tren, just before it lssues from the

slice, it strikes tre movingm wire, either at wire apeed, or



overrunning or lacpine behlrd 1t, ns the case mav he. This
differernice in troatment letwesen tle upsor and lower strata
of the stock stresm produces counter currents and eddles,
causing tre fibers to he derositaed or the wire in varioﬁs
states of éilsorder, veriouely affecting t*e shect formation,
T™r1is condition car only he avolded by drsirnling tre inlet
80 that tre sams treatment 1e pglven to hot! the top and
tottom of the stock stream, Wi1th» increase in head bagk of
tre slice these differences, whicl are almost negliniﬁl@ at
slow speeds, rave heen fourd to Ircresse sharply (g, gg);
thie 1s supposed to be the reasson trat such slices e not
rive saticfsctior at iiph speeds, eveor thourh thev zive falr

reaults at low speeds srd low reads,

The cdocvelopment of tire t+i~h pressure inlet was
necessary, trerefore, as an approximate fulfllliment of this
recuirement, before speeds of over about 40C feet par minute
coald he attained. Sirmplest and earllio. . of these iﬁlata
wes a sincle high vertical slice, with a Pinped 1lip aﬁ the
hottom, slenting dewnward end forming a norrle with the |
rorizontal apron. An outgrowth of this tyne was tre design
wrich carried te nozzle constructlon hack to the read box,
by providing a continuocus streanlined cover to rulde the
flow. “wecellent 1llustrated dlscussions of the varionp in-
lets have heen publisved (2, 3, 4, 10, 12). Yost of these

higr pressure slices or inlets are of elther the curved Van




de C.rr type (83) or tne strai.ht Veith type (63), both of

which have an aljustable, flexible upzer lip set at an ane-
zle to form a nozzle »ith tahe apron or wire (9). The cast
bronze orizinally ased for tnis uppar lip has been saiccesse
fully replacal by flexible stainless steel #nich does not
reqguire fraouent polichings of the nozzale surfaces Lo insure
smooth flow, Chromiun plating of both tne ap.er and lowser
inlet surfiuses has also proved effective., The nuzzle vrin-
ciple nas been carried still furtaer in the 3ell-Irving
inlet, which has a cross section siumilar to that of a hy-
draulic nozzle; its lower lip sbpes uprard to nuke more
gimilar the motions of the top and bottom layers of tne

stream (28).

In all of these inlets there are fine vaertical ade
Justments at close intervals acruss the machine workxin:s on
tne flexible 1lip to give a praecision method of equalizing
the sheet weizht over the entire machine vidth. These were
the only adjustments on the earlier Jesi:ns, but it was later
found to he advantaireous to aljust the heirht of the verti-
cal slice as well, toc pesrmit control of the slcpe of the lip
a8 well as the size of the openinrs. Further adjustient of
this vertical #all sad:2 it posaible to locate the nozzle tip
as desired relative to the bresast rcll center line. C(pe
dinarily the tip 18 located directly cver the breast roll

center line for hicsh spesd, but for very slow stock it is
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81id {2) to ve »ettar to wove the tip about an inch forsard

wilh tue apron still anding jast ovrer tne center lins,

411 tyves of inlets are fitted with some means of
evaning tne flow across the michine ind of aritation for
preventins, or breakine uap, lunpd of fiver. The nead box
Plays 2 part by directinr tae flov over ani under th2
baffles to give agitation by changes iun direction and valoci-
ty of flow. A zIreat numbar of maechanical azitators nd
flow evening devices nave veen desizned, but their relative
nerits ars a uatter of controveray. 4 revoelvin: cylinder of
perforated sheet netal just before thz inlet throat (Voith)

is the noet comaon ty_ e.

Investiization of tha problem of wnat constitutes
gatisfactory stocx delivery nas not baean vary fraitful, but
accordinzy tc th: literature i1t is desirable to have a1 jet
withh a3 1livtle turbulzanc2 s pessible and it 4 veloctity
very usariy e2quil to that of tne vire, ™hese conditious
are “hat @nald He sxpectsd in view of the fict that they
appreximat: the {ieal coemiitiong in a hund sheet mold waere
tnere 15 no ralitive norigontal antion oalyren the stock
and taue wire, In approximatine thesae ideal zonditions the
intet lg the o3t important sinrle factor., Ity best operi-
tion requires taat stock passing under it from the neal box
be uniforaly dispersed and free from all but very swill

eddies,
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ffouzh (7) has descoribed the functions of the head
box and slice is follows:

"To recaive, usually 3 or 4, localized, narrow and tur-
bulent streams of stocg from the screems and to depoait this
stock and water on tne rapiily moving Fourdrinler wire in
one wide continuous, smooth, uniform, and well-mixed sheet,
and iieally to 1o this at the speed of the wire and in such
a mannar that thare will be no =2ddies or shockx, so that the
fibers will be aquite unifornly Jdistridbutad, both as to direc-
tion 1nd quantity, lenzthwise and crossvise of the wire,
While it is true that the actual feltin: of fibres occurs
subsequently on the w¢ire, and that the qguality of the feltinsz
is tnerefore daependent in a1 larr2 wmeasuare upon conditions
thers, such 13 the number, diaweter, 3pacing and coundition
of tae tube rolls; lenrth and slope ol the wire; fibre
quality and consistency; and the presence or absence of shaxe
and Jdandy rolls, etc.; (and the position and intensity of
suction application); nevertneless, this sane quality of
feltings apon vhich formation and much of the finish and
stren-th of the finished sheet depends, is also considerably
affected by the conditions imposed by the flow box, slics,
apron, and the relation of the alice and apron to the breast
rolls. ... XNo matter now perfect cvther aachine conditions
may be, incorrect settinz of tuhne relative location of slice,
apron and breast roll, or of pond heirnt, can ... cause
serious imperfactions in tne shneet: up-ended fibres, so-
called "rollies” or "worus", ton much or toc little direc-
tional or lensthwise strenith, cloudy formation, and alr bube
bles."

Gou:sh alsoc emphasizes the fact that the two func-
tions of the head box are mutually inconsistent, i.e. muini=-
qum turbulence ind eddies, and, 1t the saase time, minimum

flocculation, The head box can accomplish one of these func-

tions only at the expense of the other.

y host of head box desizns have been introduced,
but here arziin the nerits of eiach are by un xmeins azreed
upon by paper .Jgagers. For a tise tne tendseney was toward

amore and more baffles and passes, but now the tandency has
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turned and many sinrle pagss haad boxes are in use on the
newer machines in order that the stcok iy be delivered
from the acreens, where it is in a uerfectly dispersed con-
dition, to the #ire before encu-hn timz has elaips=d to

allow flocculation. Informaition on head box desirns aay be

founl in the followin; references: (2 - 8, 10 - 12).

To obtain satisfactory sheet forwation, it has veen
foupd necessary to close up the snaeet quickly and to slow up
drainaga of water im edlately after the stock neats the
wire, Jhile the cnaracter of the stocx is tne most imvortant
single factor affectin: this, the slice is tue most criticual
machine factor, Strachan (13) statss that the shake also
Plays an important part by aidins the fibaras to work down
into a2 compact mass vhich vill slow up drainage ind keap the
upper layers of stock in a2 thin esnouszh suspensicn so that
the shake can play its part in 1li rninz part of the fibars
across the machine., Ctner investizators (22) question the
action of snake for crossinr fibers, however. JSufficient
dilution of tue stock and fewer table rolls are recomuended
(13) for obtiining slower drainare. Jilllamson (14) zives

a further Jdiscussion of drainazss control.

Like ull colloidal materials in liquid suspension,
the fibers in paper makinz stocx tend to flocculate to a
creater or less desree depeniing on conditious such as pH,

the amount and type of sizin:s agsnt used, fiilers, dezree of
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beatinz, consistency, and the presence or absence of froth-
ing (15, 16). This floocculation is a process of asgregation
of suspeniled solids, whereby the particles tend to gatner
torether in little buncunes or flocs with intervening spaces
of clear liquid. 3heet formation involves both settling, or
sedimzntation action, and drainagze, or filtration actiong
both processes are accelerated by floc:ulation., The shake,
cu tne other hand tends to break up these flocs, close up

the snez2t, ind slow up tne drainace. Any flocs that form and
are not brogan up rive a cloudy, spotty ap.earance to the
sheet and also loser {ts strengsth; toc rapid drainaze resulte
inr froy flocculation ilecreases the eifectiveness of the
shake (14, 15). For further information on the effeot of
stock properties on sheet forxation, the follorinir refaere-

ences in the bibliorrapny are cited: (17 - 20).

In this connsotion tha stron: dewatering action of
the table rolls plays an important part. Campbell (21) has
calcoculatad that, on a ness 1achine at 1200 fect per minute,
tne table roll suction effect ~ould be equivalent to a
vacuum of 23 inches of water, Lund (5) emphasizes the al-
ternate pressure and suction caused by the table rolls as
2ids to the faltinr action., To obtain slower dewatering
some of the tavle rolls iy be resoved or boaris imay be used
a8 supports for tae wire to retardi tne drainage on tne wire

area over the board surface,




I

The suction also has a very iwportant influence
on sheet forsation., 3trachan (13) states that improper
application of suction at tha [first :uction box may ser-

iously injure what was a ood sheet up to that point.

Robertson and Bailey (22) nave found taat tne
action of the pressesg .and the strstching in 1iriers in-
creases the orientation of the fibhar in the umachine direc-
tion #hile the anake has little effect on orientation but
dces rive more unifory distribution and feltin- tozether

of the fibera, thereby increasiny the stren:th of tae

shezt (see 1lso 4 and 28). Vennesgan (23) proposes re-
ciprocatin: air jets directed against the 3tock on the wire

to aid the action of the shake.

Hydraulics of tne ¥low tnrourh the Slice: Altnouzh

~n ey

the literature adnunia with reneral articles on tne slice
ani head bhox, there is a proncunced scarcity of definite
data as to tne relation of tne head to tae jet spaed and the
#ire spaed: ani only two or tars2 papers nave dealt sith the

actual fundanental nyirciynimics involvad.

A number of aithors have published articles cone
cerninz these specd relaticnships (3, 6, 23-27) zivinz the
fornula !?= V2 zn, or 3oze variation thereof, for uaking
calculations. YVaile some of the authors use the formula

as it stands, moast of tnesn apply certain corrections:
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eithar 1 factor leas than unity uvn the risht side of tne
equation to correct for friction losses under the slice

or a correction for the initial velocity of the stook as it
approaches the 3lice., Tnese two effects tend to counteract
each other so0 that, in many cases, tne uncorrected equation
would be very nearly correct, In any event tnese equations
can only be approximate and further ainute adjustments of the
nead have to be made on the machine to obtain tune best cune-

ditions on tne wire,

o exact :measurenents of veloclity versus nead
have basn nade, but it is undoubtedly true that this is
affected by tne form of the inlet or slice, and the arita-
tors or flow evenins devicea used, as well as thne stocex
characteristics to some extent., Xor any definite machine
speed and sheet weisnt the heal can enly bhe adjusted by
varyinz the amount of water used for dilution, and this
adjuétment is lluited by the dewaterins capacity of tne
machine., This may be expressed matnenaticially by tue
aguations:
kYazh AC

#nere ¥ is the weisht ol dry stoex delivered throuzh ihe

i:

slice per second., If ¥ is to ve xept conatant wita a
constant head h back of the slice, than AC (the area of
the slice opsninz tim=28 the counsistency) must be kept con-

stant, Now if \ is kept constant bat b is varied to
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change tre velocity of tle strear from the sllice, then,
scecrding to the equntion, the conslstency C must also he

adjusted if ™ is to be kept constant,

Turd's article (28) on "ydraulics and Paper
Fachine Shast Formetion™ seems to bhe the hest discussion in
the litsrature on tre fundamentals of aslice hvdraulics und
thelr effect on sheet formation. Ye¢ emphasizes the neces~
sity at high apeads for more unifeorm discharre velocities in
diff;rent horlzontal plenes ahove ti'e wire than cen be obtalned
witﬁ a stralght slice. "hen a flowings fluild chanpes 1ts 41~
rection, tle centrifupsl force produces a pressure pradient
alonr tie radius of curvature of the streamlines at any
point, in s=such dirsction trat the pressure increases fron
tre concave to tre convex side of the stream. This increased
prassure retards the flow so trat the hirhest velocity is
found at tre place where t'e pressure 1s lowest, i,6., at
tvé top of the stream from the slice. In the case of a
vertical slice the turn is vory s*arp and tle radius of
cu&vature o7 the streamlines 1s amall., Tris pgilves relatively
largé pressure and velocity rradients from top to hottom of

tre stream as is clearly shown hy the following forrmlas:

by
2 <2
(1) p-neg, Q+p) (@ h=z vzdrzg%;églogie
Lo T Y




where H is the nead bacx of tiue slice, h is tne nead due to

centripetal acceleration, k is the friction ccefficient, r
is the radius of ocurvature of tae streaaslines where dr is
considered, and ry and r, are respectively the minimua and
maximum radii of curvitures of the stream. If tne velocity
at the top of the stream is obtained from the foruula,

H 12(1 k)/2z, that at the bottom of the sireaum is ziven
approximately by the first formula above, ind it is easily

sesn that the latter velocity is siialler tnan the former.

The hirh pressure inlats, on the other hand, avoid
this sharp chanre in direction of flow and zive much rreater
radii of curvatires for tne streanlines and allow hirsher

velocities before too hiszh a velocity -rraldient is reacned.

Lund (28) rejects tue classical comparison with a
loz in a streaa bacauge the fiber uas approxiviately the same
specific rravity as tne water and would therefore (he states)
travel at the water s;eed. Furtheruore, tae flexivle [iber
would bend under t{he action of forces siuwilar to those he
pictures for thne log. In place of this old tneory to ex-
plain tne universal tendency of fibers to form in the sheet
in the macnine direction, he advances one based on the ripide
ly decreasing velocity of layers frow top to bottom of tne

Jet from the slice as discussed above. He states; "It is

obvious tnat any particle of sirmificant dinznsions (i.e.,



a fiber), vnich is sustsined in such a current, will be in
contact witn two layers of waters those on tne under and
upper sidss, which are wmovingz at different velocities, The
slower velocity (on tne bottom) will produce a draz on one
side of the fibre; Lhe faster velocity #ill accelerate tue
otner side of the fiber, The result will be to impart a
whirling or rotating motion to the fiver, .. If the
velocity on the surfaoe of the stock mixture as it flows out
on the wire is greater than the s)eed of the wire, it w»ill
tend to disturd tne formation .... The best we can hope to
obtain at this point is a spead eqirl to the wire spaed.

seeo the velocity will ‘decrease the closar we .;et to the sire,
ese and ,.. 28 the first layer of fivers hits the wire the
majority of tnem will hit w~ith one end first. Net aaving obe
tained the saume speed 18 tne wire, .tost of tnews ~ill be turne
ed in the uwacnine direction, and fora a very dense sheet with
the zrain decidedly in tnis direction. This proucess w#ill
continue lrom plane to plane, and as the speed of the fibers
in relation to tne wire increases, tae turnins of the fibvers
#ill be less anl less marked ... closer to the surface of

the sheet."

Lund pictures shake a8 only effective on fibers not
lined un in the wachine direction, since fibers so linel up
#ould simply follow an elliptical path about an axis parallel
to the fiber lenzth, vhile the lower ends of randomly orianted
fibers sould zet entanzled in the wire to be whipped down

crosswise by tne shike,

To sum up, Lund pictures ranlom orientation sf fi-
bers in smooth flow, ranlom orientation throuch tne inlet
with enl over end rotation due to differance in velocity be-
tween layers of tne jet, and praferantial forain:s of tne fie
bers in the machine direction du2 to dilfereunces in speed
between the stock and tne wire ind between liyers of tae

8tock.



Illunminating and Photorraphin~ T4uuid Currents,

Prandtl (gg) has given an excellent resume, witlh references,
of the technlgues used for i1llurminating and photographinge
1iguid currents. This seems to be frirlv compre:ensive up
to tre date of pulicatlion. Sechmeischel (gg) hag plven a
rmethod for preparing a fine suspension of retnllic sllver,
and proposes 1ts use, wit» lateral 1llumination, for photo=-
graphing currents. T,wever, 1t was not until DPrrant (&) do-
vised his technlque for ohtaininge silhouette images of normal
fiters tiat a study of fiber movements could he made. This
technique will be consid rod in detail later in thris paper.
Hirl tenslon electrlic sparks as sources of very Yirh speed
intermittent lipht for rhotographic purposes were in use in
Germany prior to 1913 for studylins ballistics at frequencles
as high as 100,000 flasl'es per second (El)f and Foley and
Souder (gg) in thls country were using lower frequencles

to photorraph sound waves at abhout trhe same time; thms the
use of this photorraphic lirht source 1=z hy no means new,.
“owaver, Prvant scema to he tre first investipator to

apply it to tre study of stoc!: flow and to successfully
photograph individnal fihers during stock flow, The fre-~
quercy nsed in his tecrnique is 120 flrshes per socond or
that norrially resultins from a 60-cycle alternatine cur=-
rent source. The duration of an individual discharge or

flash 1s atout 0,000,003 second,



R. PATENT SURVEY

A study of tle ratent literature on tlre desirn
of inlets and rendhoxes shows nlearly tre wide differences
of opinion or t'e suhject of stock dnliverv to tre wirse.
In tre followin~ survey these differences wlll "o en=-

prasized.

1, TTAD BOY DTSIGYS
Berry (36) has patented a five pass hend hox with
rounded corners ard with one agltator in tho second pass,
one in the third and two in the last pass; and then thinr
roctifier plates just back of tra inlet to insure uniform
mixing and freedom from lumps. The agitators consist of
driven paddle wleels extendling across the machine with

eipht perforated blades arranged radially.

Lang (37) adapts the Voitl inlet to slow machires
by providins a troursl across the machine hack of the inlet
to allow complete sulmerrence of the perforated apitator
and flow evener roll, An adjustable baffle over this roll

causes all t e flow to pass trrouer tlis roll,

vood (38) sdvocates a streamlined desipn in which
the stock enters a compartment just back of the inlet, and
flows from tere over an adjustahle dam back down, around and
underneat!' this compartment and up to the inlet conslsting

of a long narrow noczzle adjustale across the machine.



Aldrich and Berry (39) admlt the stoclk to the

head hox trrough a revolvinr perforsted cylinder across
the bhox width. In another desipn Perry (40) offers a
somewhat similar device placed directly over the wire
just in front of tre *reast roll and includinr a fiber
erossina device consiatine of reciprocatine hars across
the machine with fins to create pentle eddies. In still
anot'er design Rerry (41) combines tre lend box and the
serecn to avold the ordinary, comparntlively small, fast

strears of stock enterines tve haend box frorm tre screens,

Trimbey aud Yalker (42) recormend replacing the
head hox by a current and eddy b-fflin~ dovice rconalsting
of a freely rotatirg shaft carryinr six racdisllw placed
paddles alone its length with edrea sufflclentlyv flexihle
to bend undnr trelr own weilrht ns thewr dip into the stock

trourh just ack ol the slice.

Puckins (43) surrests admlttine stock to the wire
lavel haclr of the slice from helow ghrourh vertlcal tu'es
fitted with spiral vanes to cause swirling ard rive random

orientation.

A decign by Yike (44) would place the hrenst roll
in tre lower front coraer of the hend hox wlth a connection
tetween the hottom of the bhox and the roll by reans of a

acraper engaring the roll, Tre desirn includes two distrie-
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butinzs rolls so wmade that a perforated shell revolves
oppositely from a paerforatad blade padile wneel inside the

shell,
2, AGITAT™RE 8D RICTIFITRI

Besides the aritators included in the head hox
desivns above, Aldrich (45) proposes one sinilar to the
paddle wheel used by Rercy {(36). Stewart (45) holds 1
patent on a distributins roll sisilar to the Voith roll (59).
Other roll distributor designs have variously wounted discs:
flat discs aounted perpendicular to the axis to maerely act
as rectifier plates (47), flat disc3 set at an anvle from
the perpendicular to induce swirlinz (48), and radiaiLy
corruzaited discs (439), rhile another desirn uses simplified
propeller blades (5J). Caupbell (51) would use prongs or
teeth dipping nearly to the bottom of the stcck streanm to
sive small sddies, Stationary thin plat=es in the atoock
throat back of the inlet are proposed hy dason and Vardle (52)
to break up oross currents, and this idea is incluaded in the
BelleIrvin: nozzle desirn (77). Aldrich {53, ses also 40)
has patented an azitator consistins of two bars across tne
headl box just bick of and above tne slice openint with prongs
projecting down across the'opening. Thnege bars are mechani-
cally woved back and forth in oppoaite directions to ench

other,
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Hydle (54) proposes an aijustable rid-e across the
machine in tae aprou clota under the slantinr inlet suarface
te breax up localizel streams., Corcoran (55) ouli fit the
top and bottow surfacaes of the inlet with raised ribas at
ferty-five dersre=zs from the flow direction and oppoaitely

diracted oun top md bottem to give interweaving.
3. VEATIZAT SLIQES

The many variations of the straiizht vertical slice
that have been patented include angular adjustument to simue-
late an lnlet (58), the use of flexible lips for finar ad-
Justmeants (37, 58), and the use of a lip with semiciréular
#aps at short intervals (59) to wive ridres of stnck which
should zive interweaving of fibers as they spread und flate
ten out. Van Crnun (B80) realizes tue importance of the
distance between tue slices in a twoeslice system for con-
trolling fornition anld propoeses a neans for adjusting thise
distance, Testhwaite (51) would use a curved extension on
the lip of u vertical slice to reatrain the surfa&e of tuhe
stream and 12 1lyo adivocates blovine alr 1lone tne top Bure
face at aire speesd, Teloff (62) proposes fasteninz a woodsen
strip to the backx of a vartical slice in such a way 18 to

Torm 1 slantine surface like tae usual slopinr inlet.
4, HIIH 24053038 IN.5ET3

Van de Carr (83) holds the earliest patent on a



hirt preasure inlet with tie top surface curved to approxi-

rate strearmlines an? with a flexible lip adjustable over the
rgctine width., Since his patent was 1ssued, otter curved ine
lets have heen patented which differ only in mechanical de-
télls (64, €5). Tanp (66) provides a mears of varyins the
curvature and Vslentine (ﬁz) sugrests a stralrht slice back
of tre curved inlet, Clorments (£B8) advocates thre use of a
ruther-covered roll rana™le of vertlical and horizontal ad-
justment ard also rdjustment of diameter across the machlne

to pet the same results as the common flexlhble 1lip., Tris roll
19 rotated slowly In the direction of flow with a doctor “lade

to tale off any fihers that may adhere to the surfsace.

Voith (69) introduced the slantinpg inlet surface
. with a flevihle adjustalle 1ip; and, as in the case of the
curved inlet, many modifications of it have heen patented,
differing prirciply in mechanical detalls to allow n greater
ranpe of adjustment (70 -« 75). Aldrich (76) proposes sn ad-

fjustahble vertical slice haclr of the inlet,

The Tell-Irving (77) desipn carrleos tie inlet
{dea sti1ll furtrer v using a long rarrow hvdraulic nozzle
wit: stresmlined rectifier plates., Wood (38} includes a

girilar norzle-l1re irlet in his head box deslrn.

For still furtrer adjustment of t»e inlet, Berry (78)

and Valentine (79) recomrmend apron roards capable of adjust~



ment across the machine,

5. INTZITS JITHCUT 5LICRS

Vurray (80) and Xilverry (81) propose delivery of
stock to the movinr wire by means of an adjustadble dam back
¢f the breast roll #ith a streasnlined spillway leadins down
to the wire., Xilberry advocatas a waterproof belt under tne
first part of the wire to prevaent drainaze until tne stock

has reacned quiescznce.
6, UETI0N8 CF SLOVING DRAINAGT O TH3I VIRE

Kutter's (82) foraation table provides a plate
under the wire just after the breast roll to slow up draine
aze and allow improved foruation. Liebach's (83) desizn
supports the w#ire batwean table rolls on hoards which slow
up drainaizz and prevent splashinr of water asainst the un-
der side of the wire., Dannin-sr (84) proposes the use of
an additional w#ire around the breast roll und the first few

tabls rolls to slow up drainare., 2Prevision is «ade for
lovering this wire to alloy faster drainaze. Mona~than (835)
recomiends kavinisr the apron extsni beyound the slice to hold
the pool lonver., The desirn inclules a ourved front edce
on the apron +ith the center exteniinz considerably further

than the siles,

o
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In direct contradiction to the accepted views




that table rolls sunould be both statically and dynamically
balanced, Aldrich (§§) recommends off-center table rolls to
zive vibration to aid feltinz., DPutnam (87) uses a surface
held to the front of the slice by means of hinres and float-
inz on the stock stream to dampen ripples and allow the
separation of air bubles., Yitham (88) uses air jets to
puddle the stock on the wire and then a roll driven at wire
speed to smootn out the sarfiace ind zive improved formation.
Valentine (89) recomusnds a roll with thin lougzitudinal

fins dippins into the stock on the wire., This roll is driven
8lihtly slower than the wire and the fins wipe off bubbles
and is s8aid to improve formation, Qofrin's (20) patent sim-
Ply provides a samooth roll drivan at a slishtly different
speed from thae stock to smootn the surface. In anotner
patent fitham (91) proposes variable speed and elevation
wire stirrers in the stocx on the wire in front of the slice
to zive random fiber orientation. Hurrey (92) advocates the
Jse of nizh velocity sprays on the stock to disrupt flow

lines as it leaves the inlet.




TIAPTRR III

g

PREGENTATION OF THIE PRCBLIL A MITHID OF ATTACK

The purpose of this study is to obtain fundamene
tal knowledre of the hydrodynamic phenomena occurring in
the flow of a liquid throu.sh papar machine flow control de-
vices, such as the head hox and slice or inlet, and to
definitely show the movemnents of individual paper making
fibers carried alounz in Jdilute suspension by this flow, 1
further purpose is to show thit the tendencies observed at
the very dilute suspension also are active at comsercial
consistenciesa; and, finally, another purpose is to show the

effects proluced by various patented devices.

The subjects covered in this stuly arss 1. The
scope of usefulness of Bryant's hizh speed photorraphic
technique in studying stoock flow and the jevelopment of =modi-
fications in the tecnnigue consistent wi th improved resultsj
2. The use of the wmodified techniques in making a detailed
study of the flow conditions around a single vertical slice,
around various other slice and inlet desipsns for comparison,

and around the baffles in a1 nhead box.
\e  SCCP%T €F U3AFrULINZGS ) JAVILOSLINT OF LUPACGVELGNTS

After a series of experiments with various methods



of lighting, Bryant (1) found that silhouette imagzes of

individual paper maxinz fibers, flowing in very dilute
water suspensions, coulil be odbtained photosraphically by
pa8sing a beamn of intermittent 1i-ht throurh the stock

and then into an ordinary cameri which was lined up with
the light beam anl focused on the stocx suspension, He
nade use of a hish tension electric spark as a lirzht source
to zive 120 flashes per second., 3By means of a focal plane
shutter in the camera, he timed the exposures to catch
three flashes and thus obtain three successive imazes of
each fiver in the field at intervalsz of 1/120 second to
show not only the lateral motion of the fibers and their
orientation distribution, but also any rotition or chaunge
in position of an individual fiber in relation to the direc-
tion of flow. He successfully used this methed to obtain
side and top views of the flow coniitions around zlass
slices, sealed into the z7lass trouzh shown in Fizure 1,

The details of the method will be given later in this paper,

Preliminary work in mastering Bryant's technique
clearly showed its limititions: 1. The amount of stock
thrcu.sh which the lizht beam passes must not be high enougzh
to sreatly decrease tne intensity, and any fibers in the
beam, but outside the camnera's depth of focua, decrease the
definiiion of fibers within the depth of focus. 2, Sealing
each slice desiin into the trouzh and wailting for it to set

consumes much time, 3. Using ordinary fibers with low



opacity, tha cuntrast obtaiinaible is so0.2¥nat Liuited., 4.
111 surfwcas in the oplic .l a;u;em adot Be sora;dlodsliy
claaqn any fres from scriteuze and anevennesses whicn ould
ciuse rafraict.oon a8l blot out vart of the vein., H. Tae
siza of tne 1iell can be cunly as lar;"e 3 the li-ht bewn
strugins the straan ¥nd the lir-ar the beas, the more the
distertion io Lus oater ei;ea. 5. 'J32 uf tae foeal pi.ne

shatter ~ive3 31 hainied exposure hacruss it is impossible

tc synchronize the shutter »ith the spark {reaaency.

Inprove ents aade in thne tzchniaie .ras ths Jse
of copper slicaes :ith bullt in rudbbrr -wa2ta, so Lt they
cuoalld wimply be alipgsed ilnvo place anysagre in wne troa-h

withouat ny otnosr geal or supnort; the use o hewwvily dyed

i black fivara Lo cbtain bettar contradt; the use ¢l 1 7iew=
in~ box to avoeid surfce rippies in the tep views:; the
Llockinr- out of areas ¢f the Lewv, not lurortant to tne jictar:;
nd the use of A pendialum timer systea of s2xporure in ndlaca

of thna focil s2line x utter,

<1

He  Uad 0 Tl ey o RYDENE BV TV 51 TN SRV VAR

L ]

- 4y
VARLTUG 5T Fred DO
1. SOYLTL NG 2nd oy I D 7T LI ATl

¥ro: five trp2g of slice al-'ng » Touni-linrned one
w1 salectel “ar tae use in "niad svulye Tup wnl ile viaws
#er2 taken to usnow a2 conlitions in toe stream bhack ol tie

slice, in wne zone of accaleriticn arvuani tne .lice, ani in
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the stream from the slice., Similar studies were made éf
the effects of head, width of tue slice openiny, vanes back
of taue slice, consistency, beating, and relative positions
of tne apron and slice; and, finally, tuhe action of acceler-
ation under tue slice for pulling apart or breaxkins up
fiber bunches or clots was observed by specially designed
equipment, whereby the interval batween successive imazes
wa3 increased,

V2. CONDITICNG AROUND VARIQUS OLICT D ISIING FOR O0Ne

PARISCR
A thorousn iuvestizition of tue comaion system

of two varticul slices was carried out to show the
situation around each slice ani in the pond between, and
to show the effect of a control rack in the pond, of a
stirrer in the pond, of a stirrer in the streax from the
second slice (gl), and of the effect of distance between
the slices. Tuen studies were made of the conditions
under a slice slopin: at various angles; under a vertical
slice naving a4 slopins surface attached to its lower
edze like the Voith desizn and the effect of naving just
back of this inlet 2 vertical slice and tnen a countrol
racksy under a similar inlet uavin- a1 vertically set lip at
the lower elza of tne slopin-r surface, around a curveld slice

or inlet similar to thne 7an de Carr lesisn; under Clement's

roll slice; under Leloff's modification of tae straignt
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slice to obtain an inlet, on a streaulinei spillway of a
daa-type oi inlet (durray and Kilberry), and in nozzle

iniets of Bell-Irving and of lund lesirns,
3. 34D B Z0TITIANG

Finally, the conditions of stocs flow ani riber
movecents around ordinary aead box baftfles, and also the
recirculation iesirn proposed by Zcurh (8) for evenin- up

the flow ucrosa tne machine, were investirated,
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JAAPT IR IV

WATTRIALS, S0I0d50T, AN) D3032)IES

A, HATSRINALS

Baatman 3afety Panchromitic Prncess il in
(5 x 7 inch sheets cut to 3 x 5 inch sneets) was used in
this study. Both Su;er 3Jensitivz Ianchroumatic .and Zouw .ere
cial Ortho films were tried wnere more speed was desired,

but neither zave sufficient contrast,

Eastman Azo ssnsitized paper of # 4 grade was
used to obtain sufficient contrast for tne prints of the
fibaer pictures wnere three spark exposures were used. ¥ 2
and ® 3 zrailes were tfound satisfictory for one and two

flash exposures, respezctively.

4 very ni-n contrast developer ({or both uneritives
and prints was necessiry and the Fastuwan J-11 (33) foraula

was {ound to rive satisfactory results.

'ne revular acii hariener fixinr batn {Zastnan

P-5 (33) was found to rive very satisfactory fixindg,

Tne ,,.1p used [or all tne studi=s, except those
on beiten stock wnd hirh coasistency, was fracticnated long

unbleached western ne:xlocx sialpnite pulp dyed black by a



neavy dyinz with dirsct dyes salted ocut it holling teupera-

ture vith sodium sulpnate.

The beaten stock used way anbleacned Jack pine

kraft pulp beaten to a freeness of 3J3) 3. R.

I For the nizher consistenciles undysd and anbleached

western nemlockx sulphnite pulp waas used.

A ¢om .ercial caulkxin: couapound similar to com:uon
putty was used to seal up sew s in tae trea-n wni, when
necessary, o0 sczil tne virious flow control devic:s into the
trou-h, Strips of cellulose acetitz, softened sith acetone
to make the: provide their own cs2usntinr ar:nt, wore uaed to
furnish both 1 saal nd su, port for rlusy slicaes and spill-
wiys waich were usel -noen it was desirzd to photorrapn throurh

these surfacas.

Twenty xadve sae2t cop:ers 7as used for tne con-

struction ot tne varioss 3licas, etc.
B, I°TLDERNT
1, LITVI?LAY S

7ae lirhtin+ systen (Firare 1) asad «4as tlie 3aine
as tnat describad by 3ryant (1) except tnit Lor the latter
part of this work a1 peniulum flish timer wis levised and
constructed. FWirare 2 snowss the ietails of tnis levice,

Jith the power tirned on, tn2 pealalum was released Troi n
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ordinary ~lothes pin release maclanism to swin~ down end
close the hirh tension cirecult to the spark gap during that
parlod of the awing whon the sprine contact on the hottom

of the bodb was in contact with t»s copper strip connected

to tre spark pap. To avold loss of power, the psndulum was
suspended hy a heavy lO«gtrend sopper wire extending around
tre bob, wlth 1ts lower end vrotruding just helow the end of

the spring to malte the &ontact with the copper strip, A

strip widt% of 0,25 inch just caught one flash, 0.90 inch
caught two and 1.5 inch caught three. The effective width
of the contact was sliphtly preater than that of the strip,
due to the size of the contact tip on the pendulum and due
to the distance over whicelr a spark jumped hetween the cone
tacts. The pendulum speed at tls hottom of its swing was
calculated to he 75,7 inches per second or 0,63 ineh bhetwesn
flasltes. At the end of 1ts swing the pendulum was caurht

W tre Finged sto pinr device, so that 1t would notl swing

haelr to cause furiler sparks (Figure 2).

The viewing bhox used to smooth out riprles on the
surface of t*e stoclr strear ad trus permit uniform lipht-
inr of the whole fleld on tre film consisted of a box with
conper sldes and a glass bottom. This box was riounted on
an iron rod by which it could bs supported in thre desired
position by clamping it to & rinpstand or to thre carmera
tripod post. The glass hottor was 2 Iinches wide and 3.6

inclins long (sae Fipure 1),
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2. CSTOCK CIRCULATION SYSTTH

Tre stock eirculation systerm as descrihed by
Rryant (l) (Fipure 3) was used, aexcept for the followins
modifications: TFor side views at hlph consistencles thre
normal trourh width of 2,25 incles was too great, hence
a plass well wns provided inaide thae trough to leave a
paasapre 0,5 inch wlde hetwaeen 1t and the front wall of the
troupgh. The rerainineg troush width was darmed off to
keep 1t empty. A motor driven atirrer vas provided at the
entrancs of the narrow passage to partially overcome thre

tendercy of tre untreasten fibher to flocculste.

For tre study of hiph pressure bhaclr of the slice

and hrirh veloclity in the strear from the slice, a narrow
head box, 26 inches high, was constructed as shown in Fip-
ures 4 and &6, PFlpure 4 shows the pgeneral arrangement of
tra read box in relation to the rest of the svsten, and
Figure 5 shows tre details of its construction., Filpure 5
(a) shows the full sigze deotails of the seams, Tre rlaas
sides were sealed to the wooden frare with caulking compound
and held tirttly In place by shest iron channel strips
shaped to cover the entirs length of each side, Drawings
(b) and (e¢) show the front and alde views, respectively, at
a scale of one to elrht. The pglosa walls consisted of two
sections of 1/8 inech trick window rlnas: the lower one 8 by

14 inctas and the upper one LR inchens hirk and 9 inches
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wide at the bottcm spreadin: to 1l inches wide at the top.

The weodsn baffle (ii), shoan unizr tae lnlet pipe (i),

was used to breax up he strean of stock euterin: the head
box, The 7lass plate‘(iii), shown on the wooden bottun of
the head box (b), wvas usel to rive a smoota sarfice unier
the slice, Oscorsw claaps witnh mwetil brices werg used to hold
the lowver s2ctions of the rlass walls snu-ly arainst the
wooden wall just above the slice openin-r. "he heid box was

fitted vith a sharp ed-ed slice.
3. TLIIRA

The camera and causera adjustments described by

3ryant (1) were used for this work.
4. ST‘I’;ES’ IH:JETL}' \ }.[T \v:“r.‘.‘ts, ﬁl X‘I‘:»B’ 3 \.ﬂ"E‘L'ZS, Em’}o

Firire 5 shows tne conastruction of tuz rubber
zasxet for the copper slices, The =dres ol the copper strip
vere rolied over 138 shown to form a crinmp alonr eituer edrs
to receive 1 quarter inch vide strip of rubbar., The crimp
was ttaan nam-ered down to holdl tue rubbar ti~ntly 1u place.
The slice ed-2 or lip was filed strai ‘ht and square #ith the
siisy, and the surfices were smo.thed by filinr, followed

by polisuninr sitn enery and {inally ‘ita fine steel w~o.l.
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Aubber Casxkets

Folds in the Coppe

_

firare 6,

The dravings in Fizuare 7 show the actaal size and
the important details of the various :devices used in the
trouzh to obtiln tne liesired flow conditions. In all cases
tne flow Jdiraction, with respsct tc¢ the drawinrs, is frou
rirnt to left. 7nly siie views ar2 shown, axcest for varia-

ticns from the detalls snocwn in Pi.-are &,

Referring to ¥icure 7, irawin-s (a), (b)), {¢), and
{d) snow tue rounde-lipjed, tne squ:re-lipped, and the xnife-
elred vertical slices. Jraving (e) shurs both front and
side view#s of the slice rith sazicircular raps in its el-e
accoriinr to tue patent «f Juvies and Thomas (53). In (f)
is shown the umolel of Ialoff'a (62) modificition of a vertie
cal slize to obtiin 2 nl-n sressure inlat, '"ne vanes used in
this molel #as .aate of wood, carelully snaped aad smeothed

with file and fine smudpaper.
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Figure 7
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Fizure 7 (Continuad)
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Figure 7 (Jontinued)
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Fizure 7 (Continued)
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Figure 7 (lontinued)

VITALL S CF 772 2001730t V371825
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| |
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Ui ! i Trouzh Botto=n .

Nevice Lo Show tae iffect of the delative
vlice und Apmon Cositions

Jrawing (:) snows a -odel of tae Van de Jarr {63)
curved inlet and (a) is 2 d2sizn to 42 unstrate tne :ction of
a roll-tyce slice witn a dav back of it, 4n proposed by
Clements (68). ioidels of varioas slantin- surface inlets are
snown in (i), (J), (%), and (1), In (x) tae inlet sarfaces
nad ridees (55) at thirty derrees fro- L. .e fiow directian,
tivse on tup bein: op,ositely ilirectei Trow tucss on the
bottom. These ridges, consliastiny of folde in tue sueet
copper, ware spaced at aalf Llaca lateevils anld vere turee

thirty-seconds tneh hi-n,



The vanes or rectifier plates in (1) and (m)

were patterned after tne patent of ason ind Jardle (52).

A8 shown in (1) two plates were streamlined and two were

nct, to demonstrate any resultinz differences, Rectifier
Plates for use nith a verticil slice, to -2ther with the relae
tive position of the trough bottom, are shown in (m). Two
sets of these plates were constructed, one set streamlined
and tie other not, They were .ounted in the samne ..anner as

shown in (1).

Jdodels of the dam-type of inlet (82, 81) and the
Lund (28) and Bell-Irving (77) nozzle inlets are shown in (n),
(0)y and (p) respectively., The usuil rubber wgusxet support
and seal were usei in the :models of these desiing but are
not shown in detail in the fizure. Draving (q) shocws a cross
section of tne diamond-shaped wooden prongs (51) of the so-
called “"control rack® (;Q) togsether with their position rela-
tive to the glass sije walls of the trou‘h. These prongzs
are arranged to extend througzh the stock stream and rest on

10tor driven vire stirrers

[§7]

the bottom of the trough. Th
are shown in (r) and (s). ™he stirrer in (r) was useil baock
of tne slice, wnile tnat in (8) was used in tne streaa from
the slice (91). The =nd view of this stirrer shows the
ourvatire waoich has been riven it to reduce the amount of

fiber cnlliected,

The models of head box desionsg used are shown in



(t)., The drawinz 28 snown vithcut tne members in dotted
lines represents a .undel to demonstrate the recirculition

of stock about the vane \ (9) to 2ven the flow across the
machine., Jith mnmembers 4, 3, and C removed and the Jotted
line members in place as shown, a four pass lheal box was obe-
tainad, The vane A and the thick baffles wvere iuade of wocd,
vhile the streaunlinins surfaces at tae bottom were of sheet
copper, fitted snurly in place »ithout the rubber zasket
construction., The rlass plate ) waﬁ used like an apron to
support tne issiine stock streas anl also to perit top
views to be taken with lirntins from below through an area
of the troush from wnich the usual z1a1s8s bottom nad besn ree-
moved. Top viess of the stream fro: the Lund and Rell-irving

inlets were haniled similarly.

Drasinz (u) snows tae device used tec deacnstrate
the e fent of tue relative positions of tne apron and slice.
The curved "apron® sufface, shown at the top of the drawing,
was held in place as usuil by rubber zasxets. The upturned
lip on the end over the inverted slice was provided to pre-
vent the stock from runnin: bacxk over tne top of this sure
face, The slic2 was tuen inserted in position 1, 2, or 3 to
show tne condiitions of flow with the end of the apron back
of the alice, even with it, or exteniins beyond the slice,
respectively, The apron surface w728 maie norizontal near
the glice position to duplicate the usual nuachine conditions

and was ourved upward further back to allow a pressure head




back of the alice.

Figure 8 sunows the wire hooks used to introduce
fiber hunches into the stream back of tue slice to show the

action of acceleration in pullins tonem apart. PFive small

wires, 2.25 inches long witn tiny hooks (a) bent in their
lower ends, are fastened at cneinch intervals to the strip
of wood (b) four inches lonr, which has 2 wire handle

attached.,

(e)

I ] (v)

(a)

Figure 8
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1. FRE2WTION OF STISK IW THI oIRSULA LN 5YoT

Yater at 20° C.was run into the upper tank to a
depth of 8.5 inches, and the nacessary weirht of dyed fiber
to gi%e the lesired consistency was adled. For tie side
views 3.1 zram, and for the top views 0,5 zram, of fiber
were Jispsrsed in water by means of a stirrer and added to
the water in the tank. The consistencies, then, were

3.0002 and 0,001 per ceut, respectively.

firculation was started, and the rate of flow
was adjusted by -:eans of a valve in the pipe lina leadins
from the upper tank to the trourn. The pump was started
after tne lower tanx bsran to fill, to return tne stock to
the upper tank, and the valve in the puap line was adjusted
to balanc2 the rate of pumpins with the rate cf flowy into

the lower tank.

Yith tne hi-h pressure nead box, the upper tanxg
was not usedj therefore tne stocg was pra3parad in the lower
tank by aliding 0.05 zram of fiber to 16 liters of water.
The slice openinr wis adjusted to just ta<e the =2ntire oute
put frdm tne ocirculating puas when a neal of two feet was
maintained in tne head box., To allo# entrainad air bubbles
to escape, a2 baffle was usel to diviile tne lower taxsen into

t#o compartsents, The stock returninz fro. the hae:d box
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entered one and flowed over tre haffle to the otler ang
tten wna pumped hnelkt to the tead hox. The alr hubbles

ascnped duri=r tre passape ovar the haffle. .

2. CLWANIVM TUT ALACS SURTACES IN TFT OVTIC SYSTTM
In most cagses water with a little acid was
suffielent to loosen the dirt and allow the nlass sur-
faces to be rubbed clean., Gsrdinol rave excsllent re-
aults in removing rresse and other foreipn rmatter with
very little rubhing, but orpanic solvents were not satis-
factory, because they caused smearing of the caulking

compound used in senlinp the seams of the trough.

3, TUETRTINE O TIE &LICT
After preparing tve stoc) and thoroupghly cleaning
tte vart of the trough to be used, thre slice, or other de-
vice, was dipped into water to wet the rubher gaskats, which
made trem slip more easilvy on the pglass surfaces of thre

trourh, It was then slipped into place, with a metal strip

of the rroper thlckness on tre hottom of the trourh to pauge
accurately t'e desired widtr of tre sllice opening. ™"hen a
rlass slice or spillway w:s used, the position desired was
marirad with crayon on the outside surfaces of the trough
walls. A strivp of cellulose acetate, one quarter inch wide,
was thon sealed to the insilde surface of each wall alonp

the e¢rayon line by means of acetonej and, finally, the



rlass plate was camartad to the secetate strips w tie

addition of more pcetore. ™ ic rlass plate was praepared
by ouitine a~currtely to size and then truine 1ts edres
by grindine on emery rloth nmolstened wit! a solutlion of

eamptor ir turnpontine,

4, ALICINVTT AT O0TTO 8veTmi

Tvre 1irkt hoarm fro~ the apark and lens wns focusad
to a roint 4 feet fror the lons., This placed tis lena 0.5
ireres from the spars gap. The plana ~" “%g¢ lans was adjuse
ted perpendicular to the optic axis, whlceh was rade horizone
tal, TYor side views tlc lons was plaesd apairet tre Vael
wall of the trough, and the optic dxie wag wdinsted to be
perpendlicular to thls wall. Tre camera, witi 1tns lens aver-
ture set at £, 3.5, and the bellows extended to place the
lons 12.5 inches from tle foeal plane, was put into place
with tve foeal plane 25 inches from the flald desirnd and
14ined up with the optic axis., This adjuatrent made the sige
of the imares tho mame nas that of the obhjects. This is showmn

diapgramatically in Fipure 9.

Objsct

Lens Field
Spark Camera Plane

Gap

Figure 0.



For the top views the spark and lens assembly

were lowered just below the trouzh bottom and the mirror, at
45 derrees with the horizontal, was placed under tne trough
to thros the horizontal bean vertically throuzh the desired
field in the trouzh. The camara was tﬁen prut into place over
the trough at the proper distance with its axis vertical and
directly throush the field to be photographed, The viewing
box was next put into place ani adjusted to smooth tae top
surface of tne stream. 3y adjusting tne mirror the light
bean Was Jdirected squarely into the oa.era. A sscond mirror,
mountea over the gamera in such g position as to 3llow the
operator to observe tha (Tield omn tane yround ¢lass focusing

soreen, facilitated this adjustment.
B¢ TAXING THE PIITURES

All exposures were uade with the rovom ln darkness,
Vnen using the foczal plane shutter, the shutter was set to
zive the desired timing, the cover was rem:ved from the film
holder in the camera, the spgark was turned on and.the shute
ter was relsased. J/hen thne pendulum timing :echanism was
us2d, the nendulum was fastened in the starting position,
the currenot wus turned on, tie cawera saatler was ugsned,
the pendulum was released to . ive the desired number of
8parxs, and then the shutter was c¢lused and the current shut

off,
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6, DIVELOPING ¥IL¥ AND PRINTS

The nezatives ware devalopel for 4 minutes at 259
C.ey or 7 minutes at 20° C., in Bastman D-11 developinz sole
ution (33) to obtain high conirast. To avoid stains frou
this developer the negatives were washed tnorourhly in run-
ning water before fixinwr, Wixing for 10 to 20 minutes in
the usual acid nardner fixing bath, followkd by washiug and

drying, finished tue operation.

Normal print developer failed tc gzive sufficient
contrast even on ¥ 5 contact urintine paper, hence D-11
was also used in for the prinis. ?heyuwere developed for
1 to 3 minutes at 20° ¢, iu tais solution, dipped into an
acid "quick stop®, fixed in a. acid hardguer f}xing bath,
washel in runnin: water, and dried on a férrotype plate,

7. PHOTOGRAPHIN: THR ASTION OF ™

HT ASCT “RA\TITW UMMIER
TH7T SLICTH ~N THY BIIAKING UP oW 7 3

197 BUNCHRJS

For tnis study fresh water was run intoc the upper
tank continuously at the desire rite; and, after flowing
throagh tae trougu and under tne slice, it was pumped to
tne sewer, Tiny fiber bunches were pickel from a 2 per cent
consistency unbeaten salphite stock a+i transferred, five
at a time, tn the stream back of the slice by means of tue
S5-pronged hook (Fizure 8). Thne exposure was tiued with g

triple contact under the pendulam, calculated to catoh



three sin~le aparks separatel by 1/40 second to allow a
sreatar intervail between successive imazes of each fiber
bunch, thereby avoi-dinz overlapping of the imagzes, The
passa.e of the «ruup of fiver bubcuses undar tue olice and
the timing of the pendulum were synchronized by hand by
trial and error until satisfactory pictures were obtained,
showin,; three successive images of bunches duriny their

passare throuzh the zone of icecelaeration,
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CHAPTSR V

DISCUSSION OF IMPROVED TECHNIQUZS, PRESENTATION
OF DATA AND DISCUSSION OF AESULTS

A. GOCOPE OF USTFULNISS OF TS TICHNIQUE AND MODIFICATIONS

CONSISTENT WITH BETTER RESULTS

L, LIGITING THEORY

Bryant's (1) technique obtained silhouette images

of individual papermasing fibers on photozraphic film by
passing a converging beam of intermittent 1light through
the stock aud then by way of a cauera lens to the film.,
The intermittent light source consisted of a high-tension
electric spark operating on a 60~ gycle line to give
-normally 120 flashes per second, the duration of an indi-
vidual flash being about 0,000003 second, so that the fiber
movement was entirely "stopped.® Any desired number of sparks
was admitted to the film eithner by means of the camera shute
ter or, as developed in the courss of this work, by means of
a pendulum timer in the high tension circuit to give only

the deaired number of sparks,

To catch the entire area illuminated by the beam
it was necessary to use § converging beam as illustrated
in Figure 10. As shown in (a) only an area the size of the

camera lens would be imazed on th2 film by a parallel beanm,



while with a converging beam, as shown in (b), the light
from the entire illuminated area enters the lens, to be

focused on the filnm,

Camera Camera
Spark Spark ns
3ap Leme o Lens
& - — - — A - =
(a) (v)
Figure 10

Since the imazes were silhouettes, the focusing
may be considered as being on the fiber edges. Due to the
finite size of the sparx gap light source and to the
aberrations of the uncorrected simple lens used, each point
on the fiber was actually imazed through lizht in a narrow
cone of rays localized in one particular part of the beanm,
and the camera lens focused this cone back to a point on
the film., In ordinary photographic work a cone of light
from each point in the object fills tne entire lens and all
this light is focused back to a point in the image as shown
in Pigure 11 (a)., Most of this light passes through the

highly-corrected portion of the lens, while that passing

[

Lens ' ' Fleld Camera

Sparx ield Camera ’<::::j-‘~\\\522f
Ga v 8 2
j‘?— = - A '

Pigure 11




through the less-corrected ed:res is negligible. In this

technique, however, where each tiny cone was localized to

a small part of the beam and therefore a small part of the
lens, as shown in Figure 11 (b), those cones entering the
highly~-corrected portions of the lens were focused sharply,
while those entering the less corrected edizes were more or
less blurred. Stopping down the camera lens was found to
shut out these areag but a more convergent beam of light

was then necessary to obtain the same field and this brourht
in more distortion from the uncorrected simple lens, It

was found advisable to mask out the extreme edgzes of this
lens and to use a diameter of 2,5 inches instead of the full

4 inches,

By shortening the spark gap from one-eighth inch
to three thirty-seconds inch, the size of the lignt source
was reduced to zive sharper images without reducing the
amount of light obtained. 3ince the lighting system used
zave barely enough lizht for zood exposure, the use of a
lens system consisting of two simple four inch convex lenses
was tried in an attempt to obtain a larger solid angle of
light from the spark, bﬁt the aberration of the lens pair

was found to be undesirably great.

The ferming of tne image in this technique is
comparable to that in a microscope, since it depends on

the absorption and scattering of lisht by the fibers. Ab-



sorption due to the opacity f the dyed fiber is the prin-

ciple factuor in producing the silhouette imazes but scatters

ing must also play an important part.

2. THICKNESS CF THE STOCK LAYER

The amouut of stook through which the light beam
passed was 3 very important factor governing definition of
the fiber images and ease of tracing successive inmages,.
Fibers in the light beam, but not within the half-inch depth
of focus of the camnera, did not gzive clear images but did
cause scuttering of lizht to reduce tne intensity and at
the same time the contrast of the fibers that were in focus.
This is clearly illustratad by the vastly better contrust
and sharpness shown in top views, shere the entire half-inch
or so of the stream w#as in sharp foocus, tnan in the side
views, #ere about 1.75 inches thickness of the stock was
not in focus. Yor side views in the 2.25 iuch trouzh, there-
fore, a consistency of about 0.0002 per cent had to be used.
This did not zive very many fibers in focus but a hizher
consistency gave so many fibers in tne layers out of focus

that the imazes of those in focus were indistinct.,

All fibers witnin tane canzra's depth of focus
zave sharp images; but if the stosk consistency was too
hizh, the fibsrs overlapped to such an extent that if wa s
difficult to trace out whole iudividual fibers and to fol-

low them in successive positions in multiple spark exposures,
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It i® to be reaembered in connection with nultiple spark
exposures that tney showed this same multiple of imazes of
the actual nunber of fibers present., TFor this reason high
consistencies could only be shown by sinzle spark exposures,

and a narrower trough had to be used for the side views,

3. SIAE OF THE FIELD

— The size of the field that could be photographed
was lixited to the area illuminated by the lizhnt beam as it
paaseg through the stream, i{asking out the uncorrected
edges of the lens to avold distortion reduced the size of
the field accordingly. Thus when a 2.5 inch opening was
used in the mask, the field illuminated was slipgntly less
due to convergence of tne beam. The lens was placed as
near to the field as possible to get the maximum size of

field.

4., DYED FIBIRS FCR 3RIATIR CONTRAST

Noraal fibers are of rather low opacity in water
suspensgion and the countrast obtained in their silhouette
images was corresponiingly low, To improve this condition
the fiver used w#as dyed black ~ith a heavy dyeing of direct
dyes. Twenty-five grams of the long, unbleached western
hemlock sulphite pulp wers thorougzhly broken up and heated
Just to boiling in two liters of water. Two zrams of Du-
Pont Black 7 Double, and one zram each of Pontauine 3reen

and DuPont Purpurine were added and thoroughly mixed. After
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ten minutes ten grams of sodium sulphate were added and the
mixture was allowed to cool to room temperature. The fiber
was then washed repeatedly in a sheet mold until the effluent
was oclear. These fibers zave a considerable improvement in

contrast in the photographs,

It #ill be recalled that »shere two- or three-
flash sxposures were used the contriat wus reduced to a half
and a third, respectively, by flashes which oocurred before
or after any particular imagze of the meving fiber was made,
hence the actual contrast for sinzle spark exposures was rela-
tively high, It was still necessary, however, to increase
it by tne use of nigh contrast film, paper, and developer.

5. CLEANLINZISS AWD BVINNIZ3 OF SURPACTS IN THR
OPTICAL SYSTIX

Any scratches or smsars on the glass surfaces in
the optical system were axgizerated in multiple spark ex-
posures because tney held their same position for all the
8parks to build up more contrast for each successive spark,
while the contrast for the movingz fibers was reduced suc-
cessively as explained abcve. Therefore, c¢leanliness of
these surfaces was of the utmost importance for clear pic-
tures, since smears taat were almoat'invisible to tne eye
could blot out a part of tne picture. It was extreuely
difficult to 2et the side walls of the trough perfectly

clean right down to the seam where they make contact with



the trough bottom so, after cleaning them as fur down us
possible, a zlass plate cut the widtnh of the trough was
slipred in to raise the flow above these obstructions,

Tiny air bubbles collectin: on.the trouznh walls in contact
with the flow and dro:lets of water or any other moisture
on any free zlass surface in the li:ht beam blotted out
part of the field aind had to be painstaxin-ly avoided. 3ur-
face unevennesses caused scattering of rays in the ligat
beam to blot out or distort the imasge; to avoid this the
ripples on the free stock surfaces were ironed out by means
of a glass-bottomed viewinz box to show the field uniforuw-
ly in top views, and to permit a zreater thickness of the
stream to be show#n in the side views, 1In all cases tas box
was adjusted to just make contact with the stock surface
and to conform as clogely as possible to the slope of this
surface, Such adjustment caused little or no cioane in

the head bacx of the slice, showing that it caused very
little change in flow resistance., No turbulence in the

flow along this surface was eviient.

Attempts were :ade to sho# top views of flow
through curved inlets aud over tne streamlined spillway of
a dam-type inlet wnere tnese surfaces were nade of trans-
parent cellulose acetate, but they were ﬁnaucceasful, due

to distortion of the field by the curved surfaces.




- 82 -

6. USE OF PENIULUIL TIMZR TO AVCID DJISAMWANTAILS OF
THE FOCAL PLAKRY SHUTTER

It was not found possible to synchronize perfectly
the camera focal plane shutter with the spark frequency,
and the resultings pictures showed correctly exposed bands
separated by bandes havinz received ovne sLarx mcre or less
than noramal. The difference in density between these
bands made it impossible to show any detuil in either the
under- or overexposed bands at the optimum printing con-
ditions for the nmormally exposed areas. These baunds were
sometimes as :auch as a quarter of an inch wide and often
blotted out the most interaesting part of the picture. The
spaed of the focal plane shutter was not perfectly uniform,
80 that the bands variedi in width and position. Further-
more, the sparks causingZz tne exposure in one ncermiily expos-
ed band were not the same sparks that formed the imagss in
the adjacent norually exposed bands. This any irregsularity
in spark intensity caused even tine bands receiving tne same
nunber of sparks to vary in density, so that bota areas
could not be shown clearly in the same print, The ;icture

of the stirrar in Pipgure 26 (d) will illustrute this.

Tne lens diaphraguw shutter zave no better rasults,
because the sparx showed tue shutter in proc=ss of opening
and closing and again _art of the field was blotted out.

The speed of this shutter was less uniform than that of the

focal plaine shutter. It seewed necessary, therefure, to




lasve the camera wide open and produce only the desired
nunber of sparks. This was accomplished by means of the
pendulum timing device already described. This device
allowed perfectly uniform lighting over the entire field,
but nad the 1isadvantaze that the number of s.arks could
not be controlled perfectly every time. An optinmum set-
ting zave the desired number of sparss at least nine times
out of ten, but it could ~7ive onae spark more or less when
the pendulum reachad the contact at one certain point in the
half cycle of the ocurrent supply. 3ut even then tne field
was uniforwly lisnted so tiat, except for showin: one iuaze
more or less than plannaed a nerfectly .00d clear picture
resulted,

7. U3% QF COPPRER SLISIG A TH AUBBER FABLITS TC AVAID

TIAR LOSSE3 IW 3@ALING IN 37.A83 SLICHS
Sealing a rlass slige into place in the trough

and waitinz for it to set toox from one to two hours, hence
this procedure was lupractical where a larsze number of
chanres ware desired in a short period of time. The copper
slices as described above were capable of instantaneous
insertion, femoval, or adjustment, and permitted a great
saving in time,

8., BLOCKINZ OUT A432A3 OF Ti% LIGHT 37AL N INDCATANT

IN THE PICTURE '

Very pairstaking care was required to keep clean
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all the glass surfaces that were in the light beam but not
important to tae plcture. Besides, these arcas detracted
from the main area of interest; nence tney were blocked out
by pleces of blotting paper cut to the proper shape and

fixed to the front wall of the trougzh.

9., SCOPE OF APPLICHTION

From the above discussion it is concluded that
the usefulness of this technique at 1its present stage of
devalopment is rastricted to studies of fundamental hy=-
drodynamics under carefully controlled laboratory condi-
tions., A study of conditions on a moving machine wire
would sesm to be impossible bscause the wire itself would
blot out too much of the picture in the top views; and while
a very narrow stream may possible be aegregéted for side
views, this would require a consistency much below those
comuercially used. Wurthermore, it would be difficult to
keep the lizhting system dry aind prevent leakaise of current,
and spray setting on thne glass surfaces would interfere,
¥hile these difficulties can probably be surmounted, it
seams 1nuch more feasible to study certain aspacts of the

action on the w~ire in the laboratofy.
B, THE SINILE TIRTICAL LICE

The larger photozraphs in tae followvinz illuse

trations have been enlarsed two diamsters, while the small



pictures have baeen printed by contact to show the true size

of tne field and the fibers.

The top views show tue full 2.25 inch width of
the trouzh, except for the ed:es which were musxed off by
the iron frame of the trough., 3ome of the field length
was usually sacrificed to place the most interesting area

in the central part of tne field for sharp definition,

If the exposure was timed by the foocal plane
shutter, dark and lisht bands will be sgeen in the plictures.
In all cases where the focal plane shutter was used an
exposure of 1/30 second was used to catch three successive
sparks. Unless otherwise specified the exposureaggimed
by the pendulum were also 3-3park exposures, In all cases
the direction of flow, as showan in the pictures, was fron

right to left. #here it is not otherwise specified, the

round lip vertical slice wmas used in the following stadies,

The hydradlic head buck of the slice was measured
a8 tne distance batween tns slice lip and the free surface

of the pond.
1. GENRRAL CONSINERATICND

a, Stream Approaching the Slice

The top views [Figure 12 (a-d) were takenm of a

halfe-inch thick stream flovinz noraally alonz the bottom of
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the trouzh with no agzitation or obstruction to alter the
nornal conditions of flow. The viewing box (Figure 1 and
paze 35) was used to iron out any surface unevenunesses, In
(a) a sinzle spark exposure shows tuut the crisntation of
the fibers was perfectly random. A 2-8park exposure made
under 2xactly the same flow conditions is shewn in (b)

and rives tue impression that must of tne fibers are acrouss
the flow direction. This is an optical illusion, nowever,
since actual count shows tne following angular diastribution

for (a) and (b) of Table i.

TABLE 1
AN3IULAR DISTRIBUTION OF ¥13733 IN NURMAL FLOW

Angle between Number of Fibsrs
Fiber and Flow (a) (v)

0° 46 98

30° 49 104

60° 53 92

90° 45 96

Bach fiber was counted under the nearest 30° grouning.

fhen the exposure was timed to catch successive
images at a greater interval (skipping two sparks), as
shown in (c), the parallel imagzes were nc lonzer close
enouzh together to give the illusion. (d) is a 3-flash
exposure with one spark skipped between the second and third,
The speed of flow, a8 calculated from the interval between

imagzes and the spark frequency was 75 faeet per minute,
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Side views of normal flow in the stream back of
the slice are shown by (e) and (f). (e) shows a single
spark exposure of 2 half-inch thiock stream at a consistens
cy of 0,01 per cent, while (f) shows a 3-8park exposure
in the normal tréugh with a éonsistency of 0.,0002 per cent

as usual for side views,

These pictures show that the orientation of fibers
in normal flow is random. The classic cowparison of a
fiber with a log in a stream is, therefore, not valid for
it is not even true that the lower specific pgravity of the
log wakes it flow more slowly than the stream [as stated b&
Lund (28)]. #ith no retarling force, the log would quickly
come to equilibrium a1t tue saue speed as tne water flow,
This would be true to a much greater degree for the fiber, .
due to its small mass and relatively lar:e surface in cone
tact with the water in which it is coupletely submerged.
There is, therefore, no relative motion between the fiber
and the water in norumal flow and, hence, nc tendency toward

aliynment,

Fizure 13 (a) and (b) show top views of the con-
ditions just back of a round lip vertical slice [Figure 7
(a)] with a head of 1} inches. For (a) the camera was
focused one inch avove tne trouzrh bottom and the short ine
terval between some inizes in the left side of the pictﬁre

indicates thut most of their motion was downward toward the
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Stice

{a) Pocused One Inch above the
Trough Bottom

SLICE pPosSITION

™3 Focused at the Bottom ofrﬁhe
© 8tream in the Trough

Flgure 15, THE STREZAN JUST BACK OF THE SLICE
{3-Spark. Exposures)
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Flgure 23, THD STREAN JUST BACK OF TAE SLICE
. {8 -Spark Exposures).
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slice opening ahowingvthe condltions at the bottom of the
trouzh. In (b) some tendency toward alisnment is evident
near tue alioe,{tne left edye of tne yictare);i'(p);ahowaf
a similar view of tne condition bucg of tuae siice and also_:

the stream from the allce; showing thne aliznmsnt of fibefé

in the flow direction, and 11%9 ripples in the top surfacq}g_“ .
The side view (d) shows the fibers lining; up as they |
approached the slice opening at the lower left of tﬁe‘pio—..fl
ture (beaten fiﬁ?:-at 0.01 per cent consistency in tne half¢' 

inch troush desoribed on Paga 38)

b. Under the Jlice

1. #ffect of tne Tyne of Lip on the Vertical Glice

¥igure 14 shows side views of tae flow under verti-
cal slices with vzriouéliypeg of lipé And cdrresponiing top
visws of the streams frow these slices, . The round lip,
slanting knife o&ge, sharp knifs adre, squaras lip, and gappéd
1ip sl.ces. (Figure 7 a = e).are shown in (a), {(v), {(e), (d)A‘
and (e), respectively. A slice opening of half anlinch wias
used in all cases, and ine head back of.the slics was allowe
ed to adjust itself while tne rate of [low was kept constant,
Calculation of the stream vgldcitiea from the maximum inter-
val between fiber iluagres in the pnotosraphs and the spark
frequency showed the follo&ing resulis ag compared'with the ‘
velocities predicted by nyiraulic calculatiﬁns from the head

back of the slice (Table II).
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‘Top View

SLICE POS/TION

~ide View

‘v - N

~ (a) Fiber lelavior under the Round Lip
‘ : ’ Vortical Slice
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(b} Fiber Pelmvior under the Slantlng
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TABL:L II
THE RZLVTICN BRATYAIH T3 HEAD BAZK OF THY SLICE
ATD TdE 3TABAY VILOZITY 70R VARIVU3
TYI28 OF 8Lnic?
Type of Head in |Interval Velocity in Feet per Minute
Lip Feet Between
h images in |Calculated from| Predicted
Inches 4 Imaze Intervals| Value
h4 v
Round 0.12% | 0,0508 183 176
Slanting
Xnife Edyea 0.125 0.0508 183 176
Vertioal
Knife BEdqyed 0,172 0,0573 | 204 204
3quare 0.151 0,0535 192 132
Gapped 0.146 0.0535 192 190

The equaticn, ¥ _ 'M d L X 120 x 60 feet per
winute, was suployed for calﬁulitiﬁg the streazan velocity
¥y from the interval d in inches betwesn the successive
fiver images on the enlargements, The predicted velocities

¥' were calculated from the eguation:

v :__]/Zg :u- ht
2+

This equation has baen derivei from 3ernoulli's theorem,
and it takes into account the velocity of approacnu c¢f the

stream back of the slice.
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Pond Surface

Slice n
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Figure 15

Pigure 15 shows diagramatically the significance
of h and h'. h is the head measured above the slice lip and
h' 1s the height of the slice lip above the bottum of the

trouzh,.

Thesa results shoy 4 very close asreament between
the stream velocities as measired from the photograipns and
those prediocted by hydraulic culculations, The variations
undoubtedly resulted from experimental error in measuring
the intervals between images or from slizht irresularities
in the tiuwe Interval bYetwsen tne sparks #hich made the exe

posure.

All these side views show a pronounced alignment
of the fibars as they passed under the slice. Straignt
fibers are seen to be perfectly aligued w»ith the stream-

lines, while curved fibers were as well aligned as their
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shape would permit. Successive images of individual fibers
show that the streamlines of flow progressed so that the
fibers gzave no rotation or change in position relative to
the flow direction. Likewis2 in the top views the fiber
imagzes show definite alignment but not as complste 48 in

the side views,

ii, Stretohinz Action of the Acceleration Under the

Slice. The aliguing action is seen to have begun just back
of the slice where the acczlerating action began. The
leading pcint of each fiber enterins this zone was acted
upon f{lirst to’speed it up and make it tend to pull away
from the rest of the fiber, thereby increasing its length
along the line of the accelerating force., The velocity of
motion of the individual fiber might be considered as being
equal to that of the water at its midpoint, During acocel-
eration, any part of tne fiber that was ahead of its mid-
point would be in faster moving water and any part back of
the center would be in slower moving water, 30 that the
fiber would be stretched cut in the flow direction. This
pulling out action was demonstrated by means of fiber bune
ches photograpned in pissaze under the slice to show that
they were stretched and pulled apart. Tigure 16 (a) and
(b) show this action clearly by three successive imawzes of
each bunch as it passed throurh the zone of acceleration,

It will be seen tnat the length of each bunch and the ine
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{a) Cide View Showing Plber Durches

{e) cide View Showine Alr Cubbles

Flpure 16, 777, CTRVTOCINC ACTION 0T ACOTHTRATION TrnTn T
SnLIC™ (3 Sparks at 1/40 Sec. Intervals) .

i)
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terval between liares increased as it provressed through

thig zone. (a) snows tne mwovemenis of three such buncnes

i and {b) sho#s thoss of two wore over the entire accelera-

| tion 2one. Two imres of a taird zdanch that aad already
pasged the zone ol acc:leration are Jnown in (v)e In {c)
iy shown a relatively lurze air bubblae just aus it pasvedl
under the slice lip, It wus pulled out tov an aelliptical
shape by the icceleratings action undsr tne sline of the

’ nish pressure head box (¥izure 3 and 5). Surfuce tension

|

undoubtedly preventad any noticeable alongation of the
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This action of acc2leration may be furtiaer deuon-
strated by the accompanyinyg diarram (Figure 17). Consider-
ing the flow of a fluid from rigat to left in a trough vith
bottom AA', it way bYe assuosed tnat the flow is uniforu at
X feet per sacond up to a point B where 1t is suldanly ace

g2larated to 2x [eet Der asogond, Now if three particles



(a, b and g¢), suspendel in this fluaid are alizned in the
direction of flow and spaced at intervals of y feet

(al, b, and oy), a4 #ill reach laa poiant of sudden accelera-
tion at a time interval of 7/Xx secondis ahead of b. After
being accelerated to a veloclty of 2x feat par second, it
#ill move a distance of 2xy/x or 3y feet in the time re-
quired for b to reach the point of acceleration, and the
positions will be as shown by By 92 and Coe Similarly,
when ¢ reaches the point of acceleration, a and b will
both have moved 2y feet further so that the positions afe
ter acceleration will be‘as shown by B b3 and Cze This

illustrates the pulling out effact.

Now if three other particles (d, e and f) are
alonz a line at 4% from horizontal, for example, as shown
by d;, e and fl’ the same incorease in interval between

particles occurs without any vertioeal displaceument (dj,
ey and fa), Howaver, if tunese points or particles repre-

sent the ends and center of a fiber, this interval is

fixed by the length of the fiber so thnat no increase can
occur. Instead, the forces tending to csause this elonsaticn
act a8 a couple to zradually rotate tane fiber until it is

aligned w#ith the strearclines of flow,

Under actual flow cunditions, these actions take
Placa murs gradually uslnce acceleration is never inutune

tonecus as picturnd nere; tuiv exaumple nerely serves 1o ile




lustrate the effects,

This stretching action mizht also be illustrated
by considéring a more concentrated stock suspension as cne
larre fiber bunch which was stretched out to .sany times
its orizinal lenzth as it passed unler the slice. Under
tnp influence of this stretching force, the fibers would
tend to line u, exactly like the threads of loosely woven
cloth ~hen it i3 pulled on the bias. 1 practical advantagze
of this phenomenon is the fact that flocculuation of the
stock in the head box is broken up, at least in vart, by.

this action,

iii, Velocity Gradient Betwean Layers in the Stream

from the Slice., In all cases, acceleration at tne slice was

accomparied by a1 more or less sharp change in the direc-

tion of flow. Lund (28) has shown, on' the basis of hy-
draulic theory, t.at this chanse in directicn at the slice
causes a velocity pgradient between layers of the stream

from the slice, tne hirhest velocity being at the top, and
the lowest at the bottom (see paze 16). He states that

‘this difference in velocity betwaen layers causes end-over-
end rotation of tne fibers as they pasé through the slice
opsning., However, these pictures show definitely that no
such rotation was found to occur under tne slice. This indi-

cates that the strong aligning action-of the acceleration



was sufficient to mask any tendency toward rotation of fiders

that woull be caused by Jdifferences in layer velocities,
4ith tne low neads used for most of this work, the difference
in head nade by the width of the slice opening tended to
magka the bottom layer faster, thus counteracting Lund's
effect to some extent; but the same alignment of fibers was
faund (Figure 18) when a head of 2 feet was used back of
the slice, ®xposures of two, rather than thres, sparks
were used for photozraphing these high speed conditions in
order to obtain better contrast and Jdefinition., Vith this
hizh velocity, the interVal between images was so great
that it was found difficult to foilow successive inaces of
indlividual fibars in the turbulent stream from the slice,
but careful exacination did disclose a number of pairs of
images approximately 1 11/16 to 1 13/16 iuches apart in
the enlarzements, indicatinz velocitiaes of 507 to 543 feet
per minute. In (1) pairs of fiber inares are pointed out,
1 11/18 inches apart near the top of the stream and only

1 5/8 inches apart naar the bottom, te indicite a jreater
spead in the top layers. This speed difference would
probably be much more noticeable 1f the :easurementis were
made over a wider interval, and still hi,her velocities of
flow would probably rive greater differences according to
Lund's formulas {(paze 16). A pair .f images of an air

bubble in the stream is also iniicated in (a). It is to
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be noted that the interval betwesen these iuugzes is the sawe
a8 that between fiber iuages. In (b) two pairs of air
bubble imazes and one pair of fiber images, all 1 13/186
inches apart, are pointed out. These zeasurszents were
nade far enough down thne stream to be ocutside the zone of

accelzration.

iv. Fiber Aligument by Change in Flow direction lUnder

the 5lice. The flow# lirection chanze at the slice was

found to have another important function: Most of the volume
of stock passing under a vertical nlice cames, not horizone
tally along thne trouxzh bottom, but from Above at a greaater
or less angle; and under these conditions it had to make a
sharp zurn around the slice 1lip at tne same time that thne
strong accelerating action exerted its effect. A8 a result,
the forward ends of the fibers were suddenly seized by the
acceleratinry forces and, not ouly pulled out by them, but
als0 whipped around the alice 1ip to make the trailing ends
line up behind in the streawuline planes of flow, Therefore,
the change in diresction of flow vould increase the tendency
for fiver aligznment, ecpecially that shown in the side views;
and this would explain the more perfect alignuent obseérved

in these views,

In general, however, tne fibers, a5 seen in these

top viaws, were either lined up parallel tc the flcw or were
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almost perpendicular to it. Tne reason for this seems to
be that snile fibers at an angzle less than 9F Irom the
flow direction were stretched out by the acceleration une
der the alice, tihose 2t almost exactly 90% frum the flow
direction were unaffected, vecause tne water had tine same
speed along thelr entire lengths. Tney did not extend

far enocuzh in the flow direction to allow the flow at their
front 2nds tu be apprsciably faster tiuun the flow at their
trailinz endas, Differences in layrr spea2ds aind the chance
in direction effects did not parnit a similar condition
for fibers seen in the side views, therefore their aligne

ment was more compl«te,

Thils would indicate tnat batter alir-ument could
be expeacted for sharp sdzed slices than for other types of
inlets which io not zive such sharp chanzes in the direction
of flow. A comparison of tne uwligonment shown for varicus
typsa of vertical slicea in figure 14 with thit Tfor a curved
surfaca inlet in Figzure 19, or for tae slantinz surfuce ine-
lets in Figure 28, will show tuait this was found to be the
cage, This relative effect is especiilly noticeable in the

alignment shown in the top views,.

v, Relative Fiber-Water Veloglity. It has already been

shown tnat, in smooih normnal flow, there is no reslative mo-

tion between the submar;ed fibers and the water surrounding
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them. It was thouzht that, even under the influence of the
acoelaration at tne slice, Tfibers, haviag szall wmass and
relatively lar;e surface area would still show no lag be-
hind the water. Under such conditions it can be shown
mathematically (34) that, for a sphere with a diameter of
the savne aagnitude as a fiber, the retariing eff{ect of in-
ertia wsould be neslizible as compared to the viscous force
tending to sause acceleration, If this ia true with a
spherioal body, #hich has the minimun surface for its nmass,
then a fibar, with its rsreater surface area, wouid tend
8till vetter to xasp up with the strean during accelsration.
It i3 obvious that a sialler particlz offers more surface
in proportion to its maas tnaﬁ a larzer one. Therefore,
succe3sively sualler particles should show less and leas
lagz Jduring accelaratiqn, ani comparison of the relative
speeds of various Bized fivar particles in the acceleration
zone uander tua slice should be enli-htening. Tne fibgr
movamentd undsr the curved surfaca inlet aa shown in Figure
19 ware selaected to Jdemonstrate Lais, because this inlet

gave a louier zone of accveleration and a larrer area for

study. :

Wherever a lar«e fiber and a suwall fiber appeared
togather, thay were triaced tnrouzh their successive images

to see whether or nct taey retained their relative positions,

Due to the fact that the picture showed a field that was
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approximately half an inch thick, the two fibers being com-
pared uigsht not have baen rirht tozether and any lacx of
uniformity of flow across the stream would have interfered.
Any such difference in the narrow trougzh used would have been
80 8mall 88 to be nerlizible, howaver. A larpe number of
compirisons w¥ere found to show 2qual speedé and accelera=-
tions recardless of the size of the fiber particles, hence
it was assamed that there was no appreciable las between tae
fivers and the atream., Ixamination of the side view in
Firure 13 will show numerocus examples for comparison, and
similar additional svidence may be obtained frow the side
views of the conditions under the vertical slices (Fizure

14) and under slanting slices (Figzure 28),

vi. Bffect of Head Back of tne Slice, A series of

pictures wers taken to show the effect of the head buck of
the slice on the alizning action and on the velocity of the
stream from the élice. Figure 18 shows top and side views
of conditions at heads of 0, 1/8, 1/4, 1/2, 1, 1 5/8, and
23 1/2 inchas above the slice 1lip with a slice op=sning of
half an inch. The head above the trourh bottom wus, tnerea

fore, half an inch rreater in each cnse,

In Figare 223, (a) shows tanat no tendency for lign-
ment was evident in tae stream »itn i zerc nead above the

slice lip. Tnhe top view of this condition was takxen without
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the viewingz box and thus slisnt surface unevennesses are

shosn in tone picturs., In (b) it is shown that an elzhthe
inen head produced littie or no caanse; but with a quarter
inon aead, the ali:nmsnt as shown in tne zide view of (e)
#as almost coumplets, and that in the top view is uite dise
tinct. Further increase in ilignmant is shown in (d) and
(e¢) for neads of a hilf and one inch, respectively. Y
furtnar increas= is showa in (f) for a head of 1 5/8 inches,
i/itn a 235 1/2 inch nead and a 3/8 incn slice openinr, side
views of the zone of accslaration and the stremn three ine
ches beyond tne slice #are tugen Lo show that the vawe
ali-ning phenomena occurred at hizh speeds, It will be obe
served that the alirn.ant io the streaw belov the slice was

rapiily breakin: uap.

The valocitias of flow for tae variouuy heads have
been ecilculitad accuriins to the eqiations .riven on pages

77 and 78 and are shown in Table I1I.

Tne valooclties a8 culculuat24d from the imare inters
vals ind tas predicted values are all #ithin the limits of
exparizental err:r for the low heads back of the round lip
slice in the 2,2be-inch trou~h, but for the 23 1/2 inch head
bacx ol 4 sharp edire slioce tue retariing acticn of friction
¥as salllciont Lo wmaxe Lne obsa2rved streau v2locity cone
sideravly leus tnin tuat caleulatad Tor tnis L rawsure head,

This increass in frivi.on resdlted partly from Luo creatly



TABLE III
THE FPYEST O 4340 ON THE
VILOCITY OF THAE 3TRTAM
Head Above Image Velocity in Feet per iinute
3lice Lip Interval
Feat Inches? Calculated from | Pradicted
Imaze Intervals Value
0.2000 0,110 66 70
0.0104 0.141 85 82
0.0208 0.172 103 93
0.0417 0.188 113 114
0.,0833 0.234 141 148
0.1356% 0.313 188 183
1.9580 0,905 543 675

# The inage intervals listed in this table were measure
ed on unenlarzied priunts.

increased velocity and partly from the fact that a sharp

edre slice in a 3/4 inch wide troush was used,

vii. ZTffact of the Jize of tne 3lice Cpeningz., Another

series of pictures wis tasz2n to show the effect of vurying

the width of tne2 slice opening #hen the head back of the slice
was kept constant. These pictures are shown in ¥ -ure :1

#ith (a), (b), (¢), (d), and (e) showinr the conditions for
1/8, 3/16, 1/4, 3/8, and 1/2 inch openings, respectively.

No difference was noted in the resulting alirnment of the
fibers., Th2 wsater level back of the slice was kept constant

for al. these studies, so that the effective head, as
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measured above the .:iipoint of the slice openinyg, increased
8lizntly with tue lecrcas2 in tne size of tie opening. Af=-
ter correction was made for this difference, the volume of
flow was found to be closely proportional to the width of the

opening,

¢c. The Stream from tane 3lice,

To determine the behavior of the fibers in the
gtreas at various distances beyond the slice, a sroup of top
and side views were takem witn and without the viewing box
in contact with the top surface., These pictures were taxen
with a 2-inch head back of the slice nd a half inch opening
for all views except the side views of the conditions at the
slice as shown in #igure 22 (a). For these views a 3/8
inch opening waes used. In Figure 19, (a) shows the condi-
tions at the slice and (b), (o), and (d) show the conditions
at distances of 4, 6, and 12 inches bayond the slice, respec-

tivelyc

It i3 apparent from ¥igure 22 (a) that the pressnce
0of the viewins box on the surface of the stream just after
the slice caussd no chanse in the flow conditions at that
point, but it did zreatly improve tne top view. It also per-
mitted the showing of a slightly greater thickness of the
strean in the side view., In all c¢asas the noruwal fiber alizne

ment was eviient.
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At a Jdistance of 4 inches from the slioe; the
alisnment hal berun to break up as shown in (b). Here
ripples in the top view, where the viewing box was not usad,
blotted out nearly all the fiber ima.res, Tne fivers tuat
are visible in (b), however, show that tne alirnment was
mora complat:1ly brogen up than when the viewini box was
used. The alignmant became pro~ressively less at 6 and 12

| incnas from tuse slice as shown in (¢) and (d), but still it
seens that the presence of the viewing box exazrerated the
alignment. The rippies on the stream at 12 inches from the
8lice blotted out tne fiber imazea completely, sc this plce
ture is not shown, The side views show almost random ori-
entation 6 inches from the slice, and they do not show any
chanre due to the presencs of the viewingz box. That the
breakin: up of the alizsnuent was very 2sradual 1s indicated
by the fact that no rotition of individual fibers can be
detected in the snort interval betwean succsssive fiber
i.aaves in either the top or the side views. \ipparently the
sliznt Jdragz exerted by the viewins box on the top surflace
tended to eqiilize the drag of the trourh bottom rziicing
the rollins turbulant m&!ion and tasreby helping to preserve

thae alignment 23 s=2en in the top views,

d. Sffect of Consistancy and Beatinz.

— -y o

To showy taat the phenomena obuzrved in very uailute

suspensions of unbeuten fiber also occurred at the consise
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tencies used on the paper macnine, 1 series of pictures

werae taken at various consistencies, usine beaten stock,

The effsct of consistency is shown in Fizure 23 with (a),
(b). (c), (d), ani (e) showinzy top ani side views of 0.001,
0,01, 0.05, 0.1, and 0.25 per cent consistencies, respece
tively. (f) shows the tcp and side views of the behavior

of beaten stock. Single spirkx exposures ware used throushe-
out this stuly 80 that the number of fiher imagzes at the
hirn conaistancies would be at a winium. The half-inch

wide troazsh described on paée 38 wag eaployed for tne side
views, #ith increasing consistency the side views show in-
dividual fibers less distinctly but the pullins ocut and aligne-
ing action under tne slice is obvious in 3ll caces. The top
views also show the preferential alirnment in th2 direction
of flow. The lons unbeaten fidb2r i1s21 in tne stock for these
nictures showed a stron-s tendency to flocoulate at the hirsh-
er consistencies. Consequently, clumps of fibars appeared

in pictures (b - e), It'is inzerestins to note that all of
these fiber clumps were alizned in the flow dircection under
the slice and in the stream from the slice, and that gstretche
ins of these clumps in th=2 pisvsaze thrcu-h the zone of ac-
celeration wouldl necessarily cuiuse tas fibers in tha clumps
tc be stronsly alizned in tne same direction. Beaten stock,
a8 shown in Pizure 23 (b), exhibited the norual fiber aligne

ment at the slice but 4id not show any tendency toward floce
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culition at cousistencies as nisn s 0.1 per cent. The
presence of size and alua in the stoex showed no effect
on these phenomena, but did smear up tne ~lass walls of
the troursh and wmaxe the water cloudy, 8o that it was im-

possible to zet clear pictures,

i
Uz

2¢ BFFICT OF WCTIXIEA PLATIES BACK OF THZ SLICE LIP

¥ith rectifier plates back of the slice lip,

pictures were taxen to show their effect on the conditions
of flow. In Figure 24 (a) and {b) show, respectively, the
conditions of flow after streamlinad und none-streaalined
plates back of the rounl lip vertical slice [Figzure 7(m)].
In Fizure 24 (¢), tae picture on tne rirnt shows the flow
past rectifier plates [Wizure 7 (1)) under a zlass slice at
15° from horizontal. This view was taxen threazhh the rlass
8lice, Besides the plates shown in this picture, another
non-streaanlined plate #as just outside the field at the top
of tne picture and a seconl streanlined une was just out-
side it the bottom. The picture at the left in (o) shows

the resulting conditions in the strean from the slice.

The top views in (a) and (b) indicite that somewhat
better alignment resulted in the stream from the streawlined
plates in (a). MNo difference could be noted from the side

views, Th2 strews from the 15° 71luss slice with the plates
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buack of its lip seeuwed to show slightly better alignument

on the side havinz the streamlined plates. A comparison of
the top views shows that the fiber aliznauent from this
slopinz slice was much less pronounced than that from the
vertical slice. The difference between the effects of the
streanlined and non-streamlined plites would undoubtedly

be 3greater at nizner speeds, under winicn cond.tions the
latter woulld tend to caus2 atreaxs in tne resultings sueet

on the paper machine. JStreawlined plates would zive sumoothe

er flow and less tendency to breax up the aliynment,

Rectifier plates are assd in paper rachine inlets
chiefly to break up cross currents. In the narrow trouugh
used here, no such currents existed, hence tais action was
not dewonstruted,

3. EREFFECT OF JITLATIVE POSITICNS CF THZ 5LICT AND THAE
&8D CF m™Hi APRCH

A number of investigators (2, 3, 8) have stressed
the importance of the relative positions of the slice and
the end of tne apron on the wire. This adjustment has been
found to be a very important factor in the control of sheet
formationy and therefore, it scemed desirable tc¢ obtain
Photographs shosins tne effect of this adjustament on the
velocity and tne flow direction of the stock as it eumersed

from the zlice opening. The apparatas available was not
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readily adaptable to 3ho7ins these =ffects vith the slice in
its normal poasition so0 an inverted arrangzement was devised
for this study as shown in Firure 7 (u). The conditions re-
sultineg from terminatinz the upper surface or "apron" half
an inch behind tne inverted slice, from naving it end even
#ith the slice, and from allowingz it to extend half an inch
beyond the sliee, are shown In (a), (b), and {(c) of Figure
25, respectively., JVith the surface terminatingz back of the
alice, the fiber aligznaent in the stream throuzh tne open-
inz was fairly complete as shown in (a), If a wire were in
Place alonz tne linz of tne apron surface, as would be the
case on the paper machine, the vertical component of this
stream arainst the wire, asgisted by gravity, would make the
stream tend to pass thrcugh the wire. The alirned fibers
would hit the vire end first and tand to pass through. Not
having attained wire speed at such a point back of the slice,
however, their ends would be pulled forward by the faster
moving wire to lay down the fibers in thne machine direction

in the first layers to form on the wire.

#hen tane apron end was even with the slice as
shown in (b), the stream still had 2 component upward. On
the machine, this azain would direct tane streum downward
agzainst the wire, but here tne stream vould havz attained
its full acceleration, and, tnerefore, should be moving at

wire spesd, ¥ith little or no relative motion between the
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stock and the wire to cause the fibers to lie flat on the
wire, a considerable amount of fiber wouldl be expscted to

pPass tnrougzh.

7ith the apron exteniing beyond the slice as
shown in (¢) tnere was no lon-er an upsard component, Hence
the stream would be travelinr horizontally at ito maximum
8peed when it hit tne wire., Under these conditions the fi-
bers would lie parallel to the wire surface and have little

or no chance to pass through unless they were very short.
C. BLICEZ AYD INLET DIESINS

1, THE MNCUBLE S3LICT INLTT

The use of the 2-8lice inlet is almost as old as
the Pourdrinier paper nachine, Paper magfers were guick to
realize tne effectiveness of this arrangenent for evening
the flow across the machine ind for giving agitation to
break up fiber flocs in tne stoc< just before it was ad-
mitted to the wire, The following investiyationé of this
inlet were made to show the conditions responsible for its

effectivenass,

a. Conditions of ¥low with the . lices 6 Inches Apart

Yor this study of the flow conditions in a Z-slice
inlet, two round lip vertical slices [Pizurse 7 (a)] were in-
serted in the trourh 6 inches apart, vith slice openinzs of

5/8 and 3/8 incnes, respectively, for the first and second
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slices. VYita neads of 2 1/8 iuchee back of the first and

2 inch2s back of tne secocnd slice, sids viewxs were taken

of tne flow under tne first slice, thrcusn the middle of

the pond between the slices, and under the second slice,
These pictures are shown in Figure 286 (a) from rizht to left
in the order ziven above., The conditions in the stream

from the seconl slice are shown by tne top anld side views 1in
Figure 27 (¢). ZF¥rom these pictures, it is uppureni that,

: althouzh the fibers were stronzly aligned directiy under thne
slice, this aliznment was broxen up immediately tunereafter.
Evidently enouzh eddies carriad from the turbulent pond
throush the slice to the stream beyond to breax up the fiber
aliznment as soon as the zone of accaleration was passed,.
The turbulence in this stream was so ~sreat that it was dif-
ficult to followa suocessive imares of fibers in the pictures.
It is abpnrent from Figure 26 (1) that the fibers were
aligned normally in passage under Lhe flrst slice and taat
thié accelerated stresun flowed aloup the trouzh bottom and
underneath the wsater of the poni straight to the second
slice. Frictionvwith thia mass of witer in the pond, howe
ever, sradually broke up this streaa by the foruation of
eddies wvhose raiadom movemsnts are shown by tne successive
imazes cf flbsrs in the upper layers of the pond., This

~action was accuunpanied by a spreading cf the stream tc a

Jreater thickness ao that .aost of it finally hit the second
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‘ slice above tane aslice openiax and ciusad stron.: turdbalance

in this area it snown in the photegraph,.

It was found taoat the moveuwents of tne dyed fibaers
in the pond could be followed visually when viewed azalnat
2 welleli shted white bac<greund, This metncd was used, to-
rataar with the photogsrapns, to furtbher elucidate tne bee
havior of tue fivbers and coufirn the observations described

above.

Tae lacg of fiver aligunaent in the strean from this
type of inlet seamed to iniigate tnat auwple agitation was
obtuined in the pond between the slices. However, additional
agitation in the pond has often been recou ended; ani there-
fore, Jilllamson's ccntrol rack (B) [Taapbell (81) has
patented 1 slwmilar devica]l nd a motcredriven rire stirrer
in the pond were iuvestizated, to deteraine the aflect of

such agitation on tue straam from ithe s2ceond slice.

i. The iffect of 1 Control Racx in tne Pond. ¥ith the

slices arranzed a8 isscribed above, the control rack [VYig-
ure 7 (q)] wus placed in tue poni midway between tne sllioces,
with its pronrss axtenlin: to the bottow of the trough. It
wiad found by visusal ovdservation that this control racx acted
28 a multiple nozzle, vnich retarded flow anl cuused the
fast stream fruwu tne first slice to spread much higher into

the upger liyers of tae pounl. 18 the streams {rowm tne sev-
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eral nozzles flowed back together beyond the rack, they
prodaced considaradble turbulence, but the movenrent of the
eddies was then largely about vertical axes iustead of tne
rolling action in tune nurmal pond. The pictures of the
stream from the second slice show that this agitation was
very effective for causing random fiber orientation in the
stream from the slice [Figure 26 (b)]. The viewin; box was
in contact with the surface of the stream fuor the side view
to permit the showxinz of a larzer area. Jithout the view-
ing box in pluce, ripples ocaused by the turbulence in the

stream would blot out much of the view, 23 1s the case in

(c).

ii. The Bffect of a Motor Jriven Jire stirrer in the

Pond. #ith the same arranzement of slices as before, the
motor-driven wire stirrer [Figure 7 (r)] was placed in the
center of the pond and started rotating. It caused no
change in the heads back of tne slices, but did collect
fibers rapidly from the stock as shown by Fizure 26 (d),
which was taxken Just after insertin: the stirrer., It may be
seen I'rom this picture that the rapidly aovinz (800 R.2.M.)
stirrer blades were completely "stopped® in ihe three differ-
ent positions in each exposure banld. In tne ri-nt part of
this picture, ali;ned fivers in the stream frcm the first
8lice miy be se82n approaching the stirrer, which broke up

this alignment, spread the fast stream, and broke up eddies
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in the pond. This was coufirmed by wvisual observation.
The top and side views of tne stream from the second slice

(c) show random fibar orientation.

Fizare 26 (e) was taxen to show the action of a
stirrer [¥irare 7 (8)] in tne stream from a sin-sle slice
(31). This stirrer was found to cause entrainment of air
and surface aritation which entirely blotted out the pic-
ture until a sheet of cellulose acetate, with 3 hole to ade~
mit the stirrer shaft, sas placed in contact with the stream
surface, This picture shows that ths stirrer d1id break up
the alizument, but it is doubtful if asuch a device would bve
desirable on the paper machine bacuuse of its tendency to
entrain air. TFurthermore, a series of atirrers could not
7ive unifora action across the aachine and streaks would

likely result.

b. The Effect of Jistance Between tne 35liges.

Papermikers realize that the action of a 2-51163
inlet is dependent to a larve extent on the distance bee
tween the slices, and tae adjustment of this listance has
been proposed a3 an 2id to controllins sheet formation,{60).
Pictures were taken to show the conditicns existing wnen the
slices were 1%, 3, 6, and 12 iuchas upart, and Fizure 27
shows tnese conditions in (a), (b), (¢) and (d), respective-

ly. The 3lice openinss used were the same as stated above,
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Yith 1} inches between the slices tne flow, once
started, woull continue either with or without a2 pond in be-
tween, as shown in the pictures con the rignt and left, re-
spectively (a). In either case there »as little or no agi-
tation between the slices and the fibers were alizned in
both cases. Air bubbles under tne viewins box caused the
black spots in the top view of the conditicns without a
pond., There was more agitation in the 3-inch pond, and, as
a result, the alirnment in the stirean was Lo a lirse extent
broken up (b). A maximum degree of asritation seemed to be
reached with the ulices 68 inohes apart (e¢), while at 12
inches the amount of stocx in the pond seemed to be too ;Treat
to be thoroushly azitated by the strean froam the firat slice,
and this stream was almost oompleteiy broken up before reach-
inr tne second slice., It is apparent from tte side view (d)
that the strons alisonment under the second slice extended on
Jown the stream for an inch or so beyond the zone of accele
eration before bein-s broken up. '"he fibers sho#n in the top

view also show more tendency toward aligsnment,

The maiss of stock in the d-inch pond seemed to be
small enouzh to allow thorougznh azitation by the stream from
the first slice and, it the same time was larre enouzh to
resist the flow of thnis stream and xeep it from rushing
directly ¢o tne seconi slice openinz. Lonrer or shorter

ponds seemed leuys effective., Zhan-ing the relative sizes
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of the 3lice opanings affected the heizht of this pond,

hence this variable would also influence the amount of azie

tation,.

N¥nere there was enough asitation in the ctreanm
from the s=2cond slice to break the alirnment quickly, the
individual fibars wera twisted and turned about so much
that it was almost impossible to trace their successive

images,

2, THZ SLANTIN3 SURFACE INLAT

a. The Nffect of Angle,

In many patented inlets, a slanting top surface
is used to sive a more zradual acceleration and chunge in
the direction of flow through the inlet (69 - 75, 77), and
ordinary straight slices nave becn modified to permit ane
gular adjustment from the vertical (gg). To ohow the efe
fect of the anrular position of a straight slice, photoe
zraphs were taken of the flow conditions under a lass slice
at angles of 90, 60, 30 and 150 from tne horizontal; these
pictures are snown in {(a), (c), (d) and (e) of Figure 28,
The heads required buackx of the slice in tuese varicus posi.
tions for the same volume of flow were 3 1/8, 2 7/8, 2 1/4
and 1 7/8 inches, respectively. A :lass slice was used to
Permit the takinr of top views of tue {low uniar the slice

in the 15° position., Top and side views of the stream 6
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inches beycnd the slice lip were taxen for the 90 and 30°
positions to shnow wuny liifierence in the rate of breakin: of

the alirnmeunt.

Under the slice in the vertical (90°) position,
the usuil pronounced fiber alisnment was obsarved, as shown
in (a). 4 slirnt decrease in tue ali. mment, 15 seen in tane
top views, was noticed with tne slice in the 60° positicn (e¢),
and satill more witn tne slice in the 30 und lg’positions,‘as
shown in (4) and (e), respectively. The an-ular position of
the slice ssened to have little effect on the aliznment, as
seen in the side views, A study of the side views of the
flow under the 30 and 15° slices (d and e) will show the
zradual chance from random orientation of the fibers, as the
stock reached the slice, to complete alignuent in the stream
issuing from the slice openinz. The top views of the accel-
eration zone under the 15° slice {e) also show how the align-

ment increased over this zone,

A comparison of the ulirnuent of fivers in the
streams at 2 distance of 6 lunches from tine 20° slice and from
the 30° slice, as pictured in (b), showed that the allgsnment
was s3till quite strons in the slde view of the stream from
the 30° slice, waile that in the side view of the stream from

the 90° slics was almost completely broxen. The top views

iniicate that the aliznment, aé ggen from taat angle, wasd alao
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battar presaerved in the stream irom the 30° slice., These

oovsarviations seam to inlicate tnat tha flow in the stream

from the 30° slice was smoother toan that from the 90° one.

b, The Zffect of a Ridze in ths ipron Zloth across tne
Machine

Hy le (54) has patented a device for producing a
ridze of adjustable heizht in the apron clotn under a slant-

ins inlet surfuce and extending across the width of the

machine., He claiwed that tunils ridrye, or hump, would cause

a awirling in the stra2am over it, and that tnis would break
up localized streams anl give a uniform valocity across the
macnine, Fisure 29 shows pictures taken of the flow through
a model of hie device., The surface of the hump in this model
was made from polished sheet copper, and s copper slice at
20° from horizontal was used for the top surfiace of the inlet.
The side vieaws show that the flow over this hump w28 along
smooth streamlines without any swirling., Its only effect,
therefore, was to act as an additional constriction in the
passaze under the slice., Vary appreciable alirnment resulted

in thc stream from the slica (¥izare 29).

Ce Slantins Surface on tne J3oltom of a Vartical lice

"he Voith inlet (63) and its various modifications
(70 = 75) consist of a slantin: upper inlet surface attached
to the hotton of a vertical slice whicn servas as the front

wall of tae nead box. Figzure 30 (a) shows pictures taken of



Side Viewsz of Tlow under the
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the flow unier a model of this inlet [Pizure 7 (i)). It
#ill b2 seen from these plctures that the flow was closaly
3imilar to the flow already observed under a slantino slice
(Figure 28), but the aliinment, a3 saen in the top view,
was3 somewhat bettar, prcbably due to the suarp turn “he
stock had to waxe on enterinz the passaze under the sloping
surface. This sharp chanze in direction was accompanied by
rapid acceleration and this combination would be expected

to produce stronyz aligument,

Fizure 30 (b) shows the conditions of flow under
a model of Leloff's (62) proposed modification of a vertical
slice described on paze 3 [Figura 7 (£f)]. The acoceleration
of the stock on enterin- the passaira under thié device is
seen to have caused very complete alirnment (side view).
Very pronouncad alirnment is alsc shown in the stream from
this slice. It is obvious that this device rave flow cone
ditions similar to those under the model of the Voith in-

let (d)o

Valeniine (67) and Aldrich (76) both propose the
use of a verticzl slice justi back of the inlet to give .ene
tle agitation ndi to svzn the flow acruss tne machine, Use
ing the round 1lip verticail slice rirht azainst thue vertical
member of the Voitn inlet nmodel, top aud side views were take
en 1o snow tne [low conditions under this arrancemeut

[Fizure 30 {e¢)]. The flow is sean to have been much the
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same a8 for the 2-3lice inlet with I} inches between the
slices. In epite of the small size of the pond between the
vertical slice and the inlet lip, it cuused a marked de-
creade in tne fiber alirnment in the stream, as wmay be seen
by comparison with (a). But this model did not show machine
conditions accurately, because a full size inlet would have
a proportionally longzer slanting asurface, so that the vera
tical slice would be further behind the inlet lip, theree

by allowing a larger pond and more thorouzh agzitationm to in-
sure random orientation of fibers in the stream from the

slice,

The azitation caused in the stream by the control
rack [Figure 7 (q)] venind the Voith inlet model was more
effective for such a small scale model [Pigure 30 (d)], for
it zave almost random fiver aliznment in tne stream. On a
full size inlet, however, whaere the rack would be propor-
tionally further from tne inlet lip, it would probably be

less affactive,

The effect of a vertically-set lip on the lower
end of the sloping surface of a Voith type of inlet [Fizure
7 (j)] is shown in (e). This device is a model of an in-
let design patentaed by Niks (48). The flow through this in-
let is seen tc have been alonsz smooth stream linss, leaving

a mmall deal space in the corner between the slopling surface
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and tue vertical lip., Tane fiber aliznment in the stream
from this inlet is seen to have been aeven stronger than
with the slopinz surface alone., Tnis rreater allsnment
pProbably resulted from the cnanre in direction of flow and
the sharp acceleration in tne constriction under the vere

tical lip.

To demonstrate tne effect of ridges on the upper
and lower inlet surfuces as propusel by ZJorcoran (565) the
plctures shown in Rigzure 30 (f) were tuxen of stock flow
throusn a moiel of his desirn [Figare 7 (k)}. It will be
seen that the fibers lined up a3 usual on enterin: th: ine
let passage, but the alignaent was broken aluost imaediate-
ly by the agzitation caused by the oppositely directed ride
se8, and random orientation resulted in the stream from the
inlet. The turbulence of this stream is evidenced by the
unevenness of the top surface as seen in the side view,

This device unquestionably zave raniom fiber orientation,

and it is quits possidble that the number and size of the ride
288 could be selected to .rive the desired amount of agita=
tion for a siven set of machine counditions, but its action
would be dependent to a largze extent on the wmachine speed
and little or no adjustment wsoull be possible for control of

sheet formatiou.
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Tirearn fror: Slice Flow under the Slice
{(c) Vertical Slico Pack of the Inlet
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(d) Control Rack bacl: of the Inlot
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3. THZ CURVED SLICE

The Van de Zarr inlet (63) and its modifications
(64 - 68) use an inlet surface curved to conforw approxi-
mately to tne streaalines of flow in the stock passing
throuzsh tha inlet, Pictures showsinr the [low conditions
under a model of tnis type of inlet [Tirure 7 (&)] have al-
reaiy been saosm in Flgure 19, The side views in this fig-
ure show the fibers lininz up in Lhe streamlines of flow
upder tne slice to .rive the usual strons alignment in tae
stream. A8 noted earlier (paze87), the aliznment, as seen
in tue top view, was not 18 complete as that from a vertie
cal slice. It was, however, about the same a8 the aligne

ment resultin: from the 30° slopins slice TFigure 29 (o) .
4., THZ ROLL INLAT

Clements' roll inlet (68) is really a wodifica-
tion of the Van de Carr type (See paze 23~24 for descrip-
tion) in which he uses a dum Just back of the slice with a
streamlined spillway extending under the slice to zive the
pasaave the zenarizl shape of a curved nozzle, a8 shown in
the sketch of the model used in this study [Figure 7 (h)].
Photographs of the flow conditiouns throush this model are
shown in Fizure 31, The fiber alilrnnent throurh tnis 1n-
let and in the resulting stream'is seen to differ little

from that tarourh the curved surface inlet (Fisure 19).
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Top View of te Strean

Stream from Inlet Flow throush Inlet
Pigure 3l, TUR CUNVED SURFACT IVL7P, @10 ROLL-TYPR

IR, (3~Sparl Ixposures).
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S« THE JAM-TY?R INLAZT

A description of the dam-type of inlet, as pro-
posed by durray (80) and Kilberry (8l), has been given on
paze 25, 4ith this inlet the acceleration of the stock is
obtained by allowsing it to flow down the streamlined spill-
way from thé dam ind no slice is used. ¥Figure 32 shows the
flow conditions alonr the spillway of a model of this inlet
[Figure 7 (n)] and alao the fiber orientation in the stock
stream on the bottom of this device. .{ere tue fibers were
aligned by the acceleration of tne stream as it flowed down
the spillway without havins passad under a slice at all,
This showed that the particular set of conditions existing
under a2 slice was not necessary for fiber alignment by the
action of acceleration. The fiber aligznment in the stream
off the bottom of the dam was not complete but this was not
surprising wnen it is considered that friction between the
free flowinzy stream and the surface of the dam‘would gcause
a certain amount of tarbulence, which woulld tend to break

the 1liznment,
6. HNOZZLIE INLETS

Models of the Lund {28) and Bell-Irving (77) in-
lets are shown in (o) and (p) of Fizure 7, respectively. In
Figure 33, (1) and (b) show tne fiber benavior in the flow

through the Lund nozzle with and without the sireanlined vane
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in place. In botu cases tne usuanl aligniu- procesg wis aoe
tive, The top viewvs indicite that tue aligznument was
slightly btetter for ke inlet vitn the vane (a). This vane
divided the full nozzle opsnins inte two smaller openings
and also made all the stock enter the inlet at an anzle,
either from above or frow belov. Both these changes would

tend to strezozthan the alismment.

The flow conditions through the RBelle.rving inlet
modal are shown in (e¢}. On enteringz the nozzle from the
pond back of it, the stock was acceleratsd aasd the fibers
were stronzly alirned, PIasdage throu:sh the constriction at
the lip rave further acceleration, and, therefore, zood

alignment resulted in the stream.

In conolusion, iv has been shown that all the inlet
devices used on paper machines to acaelerate the stock to
approxinitely wire speed cause, at the saime time, a strong
alipnaent of the {ibers in the wachine directiom. GSuitable
azitation back of tuse inlet to break the fib=zr ilignment in
tha stream imnediataly after it leaves tne inlet may be obe
tained by the ase of a vertical slice or 3 control rack back
of the inlet. The double olice inlet #ith a poni between
the slices seeus to be particilarly effective in this ree-

spect.
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